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E mergency planning requires new tools to adjust dyna-
mically to changes in the urban environment and
simulate responses to a variety of emergencies. An inter-
disciplinary team of University of Pittsburgh researchers
from the Swanson School of Engineering and the Schools
of Information Sciences and Medicine has been developing
these new tools for a disaster simulation system.

This “all hazards” disaster modeling system, called
the Dynamic Discrete Disaster Simulation System (D4S2),
is tested in the City of Pittsburgh. The authors present a
case that overspecification of emergency plans becomes
ineffective and potentially counterproductive when
emergencies are large and dynamic and require special-
ized assets. Dealing with complex and rapidly changing
emergencies requires adaptive tools that can provide
emergency managers with information to make decisions
and evaluate the consequences of those decisions.

History of Emergency Planning

Today, there are problems with the state of emergency
planning and plans. D4S2 can help to make emergency
planning more robust.

Emergency plans serve us well in preparing for day-
to-day emergencies that are small, localized, numerous,
and uniformly distributed throughout a city. The goal of an
emergency plan is to provide stakeholders with an equal

and effective response to all hazards. The optimal strategy
is to locate response assets as close to the event as pos-
sible, which generally results in response assets evenly
distributed throughout the city.

While this problem statement is a simplification, it is
not too far from the current mode of emergency planning
City planners and emergency agencies normally tend to
distribute their emergency response assets (fire, police,
emergency medical services [EMS]) to address everyday
emergencies. Factors such as population density, occur-
rence rates, topography, and transportation networks are
taken into account to adjust the assets’ locations. Political
factors also weigh in to the plan. Every citizen wants emer-
gency response to be quick and nearby.

There are several impediments to achieving the goal
of rapid and even response. Some emergency assets are
so specialized (e.g., hazmat, SWAT, bomb squads) that a
city may only have one or a few units. Hospitals and other
assets are treated as fixed assets in the planners’ equa-
tions since they are located by the goals of their respective
owners rather than by emergency response.

This mode of planning can be extended to moderately
sized emergencies. In the case of special events (e.g.,
sporting events, parades), assets are temporarily real-
located and/or a reserve force is maintained to support
potential response.

==« continued on page 2




image2.jpeg
» PITTSBURGH ECONOMIC QUARTERLY =

ws= continued from page 1

Large emergencies pres-
entan even greater challenge
for disaster planning. Large
emergencies often require
assets from the entire city, or
beyond the city, acting as a
kind of surge capacity. Large
events also may change the
basis upon which the plans
were made, such as when
roads, bridges, and tunnels
become inaccessible

The basic problem with this type of emer-
gency plan is that it is brittle. Cities change.
Economic development and major real estate
projects rearrange the shape and distribution
of activities and people in a city. New areas that
open for development—such ns waterfronts,
hillsides, and limited:

Figure 1

Figure 2

as fire, police, and EMS units—is stored in
the geo-database and associated with the
i . Real-time data

decisions. The individual agents operate on
their own but are affected by other agents and
the envil

such as weather and traffic conditions are
also part of the system.
When used with the simulation model, the

are often, by their nature, harder to respond to
in emergencies.

In many cities, emergency response is less
uniform across neighborhoods because of
these kinds of change. More frequent replan-
ning is problematic, because the real and
political costs of reallocating response assets
are very high.

A New Tool: D482

D4S2 provides an independent laboratory
for testing how the type and scale of an
event, situational variables, and command
decisions affect responders’ efficiency and
effectiveness in dealing with disasters. D4S2
seamlessly integrates commercially available
off-the-shelf components, including ArcGIS
9.2, Rockwell Automation’s Arena discrete
event simulation with a custom-built rule-
based decision modeling system, and a control
interface that mirrors an emergency opera-
tions center.

The City of Pittsburgh provides the develop-
ment case for the construction and validation
of the system. Many insights were gleaned as
a result of applying D4S2 to specific disaster
scenarios in Pittsburgh.

D4S2 contains more than 100 layers of

asset, and other g
information. The geographic data describe
infrastructure and physical details, such as
roads, waterways, and topography. Infnrmanon

information system (GIS) can feed
data to the simulator and make the simula-
tion more realistic and robust. Keeping the

The behavior and interaction of the agents
are defined by rules derived from industry
standards, training, best practices, exercises
and research on first responders, emergency
managers, dispatchers, the public, terrorists,
other actors, and environmental factors. All of
the rules are to the if-then format

geographic-related data in an

GIS system simplifies the system deployment
process. The disaster simulation system also
can be quickly implemented in any area that
has the appropriate GIS data.

The simulation model allows us to create
any number, type, and size of emergency
events. In essence, the system “reads the
map” and forms a simulation model. The simu-
lation model uses discrete event simulation as
the main construct and models the emergency
response system as a ion network.

to state explicitly the conditions and conse-
quences. A software module—the knowledge
engine—uses the rules in conjunction with the
system’s data and user input to make deci-
sions. These decisions may change the simu-
lation, move assets within the GIS, or cause
other actions to be taken.

Each component continuously informs
the others of decisions and other changes
as the events unfold. The model provides

Important street intersections are chosen as
network nodes. The response vehicles are the
entities moving along the network and per-
forming various response tasks. The entities
are built in different layers, such as cars on
the roads, trains on the railways, boats in the
rivers, and helicopters in the air. D4S2 uses an
innovative method to model other pieces of the
system to reduce computational efforts.

In addition to discrete event simulation,

an i laboratory for testing how
the type and scale of an event, situational
variables, and command decisions affect

* efficiency and i in
dealing with disasters.

Users interact with the system through inter-
faces modeled after existing emergency oper-
ations center interfaces. The figures above
show two interface displays. Figure 1 is the
event specification interface. This allows the
user to define, in detail, the characteristics of

D4S2use: t-based simulation
to incorporate more realistic and flex\ble en(llv
i b

an emergency (location, type, time, casualties,
etc.). The system builds in event profiles from

operations and i
modeling originated from amfu:usl intelli-

the 15 gency event scenarios created
by the Department of Homeland Security. In

gence. A computer agent is an
controlled entity that can perceive its own
operations as well as the surrounding environ-
ment, compile the predefined rules to make

about y response r

decisions, and act based on these

addition, casualty di from the expe-
rience of the military are available to help the
user describe an event. The user is completely
free to override these aids.
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Figure 2 shows the results of a simulation
of the event. In particular, the display shows
the status of victims over time and the evacu-
ation of those victims from the scene. VCR-like
controls allow the user to move to any inter-
val in the simulation; interrupt the simulation;
introduce new events; change rules, decisions,
or parameters; and resume the simulation.
Essentially everything is in the control of
the user.

Simulation Results
Map 1shows the traffic congestion resulting
from a D4S2 simulation of a hypothetical explo-
sion in the West End effecting 80 casualties.
The simulation uses the existing dispatch and
triage protocols. The simulation encompasses
the response of emergency equipment to the
emergency and the evacuation of casualties
from the emergency. In this emergency, the
casualties must be transported from the West
End to Oakland, where the bulk of the serving
hospitals are. The map is colored red for high-
est traffic congestion, yellow for moderate
congestion, and green for minor congestion.
continued on page 6
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Map 2 shows the response congestion
pattern for an emergency in the South Side
area. The pattern is significantly different
from the West End emergency. While the
traffic is still concentrated in Oakland where
the hospitals are, it is much more spread
outbecause there are multiple bridges that are
hospital route candidates.

Information from simulations such as these
can provide emergency managers with real-
time information on which roads to keep open
and alternative vehicle routing and can sup-
port other kinds of decision scenarios.

Simulations of events all have unique and
different response patterns. As the magni-
tude of the event increases, the pattern of
response is further distorted and shaped by
terrain, ambient traffic, weather, and other
conditions. The results of our simulations
support the first responder ion that

Simulation and

Emergency Planning
Emergency plans and planning can be

helped by simulations in three major ways.

First, simulation can provide a better basis for

distributing response assets during the plan-

dealing with. Simulation is a very good solution
to providing the kinds of information that is
needed in near-real time. Simulation systems
such as D4S2 are very adaptive to changing
environments and event progressions. B

ning process. As the bove di

strate, response, even to minor emergencies,
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tive in addressing anticipated emergencies.
The simulations will then provide data for the
planners to replan.

Finally, there is a point where the size, type,

“every emergency is unique.”
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