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Executive Summary

The project demonstrates the effectiveness of using a gate control strategy for traffic
management in an emergency evacuation when people within a localized Protective Action Zone
(PAZ) must be evacuated with a short notice. Selected nodes on the PAZ boundary with access
and volume capacities could be treated as gates for evacuation traffic to be guided through with
a higher priority over traffic using the non-gate nodes. In the study, an optimization process is
sought to minimize the total travel cost of the evacuation trips with a gate control strategy while
traffic constraints and network equilibriums are considered. The effectiveness of the model is
first tested by the computation results drawn from an assumed evacuation network. The
computation results show that the gate control strategy could improve the performance of an
evacuation by reducing the numbers of conflicts in trip routes and traffic movements. Then, the
model is tested in a case study of a real evacuation network in the Mississippi Gulf Coast region
with nodes and links in several counties, respectively. The experimental study results show that
the gate control strategy could achieve an effective evacuation operation and improve the
performance of the evacuation by reducing average travel time in trip routes and conflicting
traffic movements compared with a non-gate situation where evacuation trips are conducted

based on “shortest paths” without a gate control strategy.



1. Introduction

A no-notice or short notice incident is one that occurs unexpectedly or with minimal warning
which does not allow emergency responders sufficient time to prepare for it (1, 2). Evacuations
that result from such incidents generally involve a large number of evacuees, possibly from more
than one community or even jurisdiction, who need to move away from the at-risk area as soon
as possible. This will require intensive efforts on the roles of emergency managers, first
responders, law enforcement officers, and transportation professionals to coordinate, guide,
transport, and shelter the affected population.

In contrast to a natural disaster such as a hurricane or flood that may result in a large
scale regional emergency evacuation, a man-made incident such as a hazardous material spill
due to a derailed train usually affects a localized area and only the population within the affected
area needs to be evacuated. After a localized incident happens, normally the affected area of the
incident with a boundary would be estimated and depicted with a confidence of safety, which is
referred to as the Protective Action Zone (PAZ) or Evacuation Planning Zone (EPZ). In an
evacuation study using traffic assignment simulations, a traffic assignment program tends to
model the trip of an evacuee who seeks to leave the origin point within the PAZ for a safe
destination point outside the PAZ as a “shortest path”, which corresponds to a driver’s behavior
under a normal traffic operation condition (3). However, a reconsideration of the evacuation
problem would reveal that the most effective strategy of evacuating a large number of people
(in the format of vehicles hereafter) under a PAZ emergency evacuation situation would be a 2-
stage process: 1) first move all the evacuees out of the PAZ in the least amount of total time, and

2) then starting from the boundary of the PAZ the evacuees continue on their trips to their



destinations via their respective shortest paths. Intuitively, if every evacuee individually seeks the
shortest path to leave the PAZ area for a safe destination, the possibility of conflicts of traffic
movements among these “shortest” trip paths would be high considering the tremendous
number of evacuation trips suddenly generated under a no-notice evacuation. These increased
conflicts of traffic movements and trip paths can cause widespread cascading traffic congestion
within the PAZ and hinder the evacuation effort. Instead of seeking shortest paths for the trip
segments within the PAZ, evacuation traffic could be encouraged or guided to go through
selected “gate” nodes on or near the PAZ boundary with large access and throughput capacities
to reduce the otherwise conflicts of traffic movements and delays. The objective of this study is
to develop a theoretical model for the gate traffic control strategy and to demonstrate the
effectiveness of the gating strategy on reducing conflicts in evacuation trip paths and traffic
movements in the PAZ of a no-notice localized evacuation.

The remainder of this report proceeds as follows: After the literature reviews on
emergency management for PAZ evacuation and shortest path based methods for evacuation
studies in background, the study methodology and the gate control strategy are described in the
next two sections. An optimization model for evacuation trip assignment with gate control for a
PAZ network is formulated. The solutions of numerical experiments and the simulation runs using
the dynamic traffic assighment model DTALite for different gate control scenarios are conducted
and analyzed, respectively. Finally the report concludes with a summary of the findings of the

study and recommendations for possible researches for the future.



2. Background

An emergency evacuation aims to moving a large disaster affected population through a
transportation network toward safer areas quickly and efficiently. In emergency and critical
infrastructure management, the adoptions of optimal evacuation routes and effective traffic
management strategies could well improve the evacuation performance by relieving heavy traffic
congestion generated by the sudden surge of the evacuation traffic demand (4). For a no-notice
or short-notice emergency evacuation, the evacuee’s perception of emergency would be very
time sensitive. Hence, how to develop an exit strategy for effectively moving the affected
population out of the PAZ under a localized emergency scenario is the major research task of this

study.

2.1. Protective Action Zone of Emergency Incident

Localized emergency evacuations due to chemical spill incidents were reported from time to
time. The accidents involving release of more than 60 tons of chlorine were located at Festus,
Missouri, Graniteville, South Carolina, and Macdona, Texas (5). To characterize the various
chemical spills in history, Zhu et al. (6) developed the Chemical Spill Incident knowledge Base
(CHESIBASE) to provide information of chemical spills that occurred in the past in the US and help
guide the practice of chemical spill emergency management. Atmospheric transport and
dispersion (AT&D) models using Computational Fluid Dynamics (CFD) modeling along with
meteorological and atmospheric modeling and weather information to forecast path of the
ongoing release of heavy toxic gas such as pressurized liquefied chlorine have been made

available to emergency managers (7). Six of such models, widely-used for dense gas dispersion,



are ALOHA, HGSYSTEM, SLAB, SCIPUFF, PHAST, and TRACE. After a spill incident, these dispersion
models can be run in minutes to depict the affected area with a boundary outlined. The
information on the PAZ area can help the emergency management agency assess the scope of
an evacuation action (5).

Clearly, from an emergency manager’s perspective, the priority would be to move the
affected population out of the PAZ as soon as possible, and once an evacuee reaches the
boundary of the PAZ the evacuation of the particular evacuee is considered accomplished even
if the evacuee may have a reminder trip segment before reaching the trip destination at home
or a shelter. Unfortunately, the difference of priority in treating the trip segment inside the PAZ

and the trip segment outside the PAZ was not adequately considered in many evacuation studies.

2.2. Traffic Assignment Methods for Evacuation Studies

The modeling and design of a more effective emergency evacuation plan has been rigorously
investigated using simulation programs (3, 8, 9, 10) since the early studies dealing with traffic
management under emergency conditions. These studies shared some similarities in traffic
assignment procedures. Evacuation demand in terms of origin-destination (O-D) matrix was
determined for each evacuation scenario and a GIS based roadway network was available for a
simulation program to assign traffic for each trip O-D pair. The result of the traffic assignment
was a trip trajectory, which is a “shortest path” with a sequence of nodes and links connecting
the origin to the destination. These studies considered shortest-path traffic assignments for the

whole routes of all evacuation trips even under a PAZ situation.



In contrast, the following two studies considered the priority in the evacuation trip
segments inside the PAZ. Lu et al. (11) developed a Super Node-based Trip Generator (SNTG)
algorithm to generate an OD matrix in evacuation traffic assignments for the proposed Multiple-
Source-Nearest-Destination Shortest Path (MSNDSP) problem. In the study, the destinations
were assigned to the exits of the affected area by assuming a super-node and ignoring the travel
to the real destinations outside the affected area. Zheng et al. (12) developed an optimal
evacuation strategy for assigning vehicular traffic flow route based on an optimization—
simulation approach. Evacuees would follow optimal routes to safe locations outside the affected
zone and then select behaviorally realistic routes to their final destinations.

Furthermore, according to the study of Murray-Tuite et al. (13) and Lindell and Prater
(14),in emergency evacuation, evacuees often seek familiar routes instead of selecting the routes
contributing to relieve the traffic congestion and decrease the travel cost. Meanwhile, as
individual drivers all attempted to use shortest routes of their own, some or all of the road
network links and intersections on evacuation routes become over utilized due to unresolved
conflicts of traffic movements, which caused traffic congestion and potential blocking along the
routes in the evacuation zone (15). These study results have well suggested that aggregate
optimization of traffic assighments and route selection overweighed individual “shortest paths”
and the importance of traffic guidance for evacuation traffic even under a no-notice localized

evacuation situation.

3. Methodological Approach



In this study, a simplified roadway network with origin nodes inside the PAZ, destination nodes
outside the PAZ, boundary nodes on or near the boundary of the PAZ zone, and links connecting
the nodes was created along with defined evacuation traffic demand for each of the O-D pairs to
emulate a PAZ evacuation situation. A gate control strategy was developed to set selected nodes
on the PAZ boundary with large capacities as the main egress nodes to guide a majority of the
evacuation traffic to leave the PAZ through the designated egress nodes to possibly speed up by
reducing the traffic conflicts on the routes. Hence, this study sought an optimization process to
obtain the optimal traffic route assignments for an evacuation network implemented with the
gate control strategy to minimize the total travel cost for the evacuation trips inside and outside

the PAZ zone by reducing conflicts of traffic movements and trip routes inside the PAZ.

3.1. Gate Control Strategy in Evacuation Network

In the proposed gate control strategy, a node on the PAZ zone boundary having a large volume
capacity can be set as an evacuation egress gate, for example an arterial intersection, or an
entrance to a freeway ramp. In modeling the network, the following steps will be taken to set a
node on the PAZ boundary as a gate node: (1) Increase the capacity of the gate node, including
the inbound links and the outbound links; and (2) Reduce the node capacities for the non-gate

nodes on PAZ boundary, including the inbound links.

The gating strategy is schematically described in FIGURE 1. An origin node is representing
an origin zone, which is one of the traffic analysis zones (TAZ) inside or partially inside the PAZ

zone. Evacuation traffic is generated from each of the TAZ zones. A destination node represents



a destination zone, where a home or a temporary shelter is located. A boundary node is a node

located on the PAZ boundary separating the affected zones and the safe zones in the evacuation

network of the problem.
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The Figure shows the intuitional performance improvement after setting the gate nodes
on the PAZ boundary for the evacuation need. FIGURE 1(a) shows the situation without setting
any gate node. When the emergency incident happens, the evacuees first respond to the incident
by “running away” (equivalently taking the shortest paths) from the origin zones in the affected
area to their destination zones which are out of the PAZ zone. The evacuees can freely choose
any route which they believe to be the shortest path without knowing whether the route in the
PAZ is congested or not, and most likely the decision on the route is made in a big hurry and/or
based on previous experience. As a result, there are tremendous numbers of movement conflicts
due to the many route crossovers and therefore heavy congestion will be soon produced in
multiple places in the PAZ. These points of congestion will decrease the evacuation traffic

mobility and eventually the performance of the emergency evacuation.

FIGURE 1(b) shows that gates with large or increased volume capacities (contraflow
operations strategy might be implemented if necessary) are selected and set among nodes on
the boundary to help relieve the heavy congestion points in the PAZ. Under the gating strategy,
evacuation trip routes are directed to go through designated gates to leave the PAZ and then
continue to their destinations through the network outside the PAZ zone. Since the evacuation
trips are guided to the designated gates based on traffic assignment method to minimize path
crossovers, unnecessary conflicts of traffic movements are significantly reduced. It is noticeable
that the gate nodes must have increased capacities to sustain the processing of the majority of
the traffic. Meanwhile, the non-gate nodes are still passable but may only allow limited traffic

movements (with dashed lines in the Figure). Since the gating strategy aims to minimize path
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crossovers and conflicts of traffic movements, the cascading effect of congestion could be

controlled and the evacuation performance could be improved.

3.2. Gate Control Configuration

FIGURE 2 shows an illustration of the link capacity change before and after using the gate control
strategy. In FIGURE 2(a), each of the inbound links such as link (A, 1), link (B, 1), and link (C, 1) or
outbound links such as link (1, D), link (1, E), and link (1, F) to and from node 1 respectively has a

volume capacity of 1000 vehicles per hour before implementing the gate control strategy.

(a) Link capacity before (b) Link capacity (c) Link capacity with
using gate strategy with gate node non-gate node

FIGURE 2 Link capacity changes before and after using gate strategy

After applying the gate control strategy, for the node selected as a gate, all the inbound
links and outbound links will increase capacity from 1000 vehicles per hour to 1400 vehicles per
hour, as shown in FIGURE 2(b). For nodes on the boundary but not selected as gate nodes, all the

inbound links will decrease volume capacity from 1000 vehicles per hour to 800 vehicles per hour.
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As to the methods or technologies that can be used to increase node and link capacities,
it has been a popular practice to enhance the throughput capacity of evacuation corridors by
implementing the contraflow or lane reversal strategy and Intelligent Transportation System (ITS)
devices such as a portable dynamic/variable message sign (DMS or VMS) board in evacuation
traffic operations. On the other hand, capacity reduction can be easily implemented by restricting
some traffic movements just like the traffic control for a work zone. It should also be noted that
the aforementioned numbers for volume capacity and capacity change for a gate control strategy
are only used as an example for the purpose of illustration. More parameter settings and
scenarios were used in the modeling and the development of numerical experiments of the

problem.

3.3. Traffic Assignment Modeling

In order to simplify the problem in study, we assume that all the links inbound and outbound of
the nodes on the evacuation PAZ boundary could be implemented with either a contraflow or a
work zone strategy. We also assume that necessary traffic control or traffic management
strategy, such as law enforcement, dynamic/variable message signs (DMS/VMS) are available to
be used in or around the PAZ in order to guide the evacuees to leave from the affected area
through the gate egress nodes as smoothly as possible. In addition, we assume the traffic
operations on all links of the model are in free-flow conditions. Therefore, travel time for each
link will not be related to the traffic volume of the link. A state dependent queuing model that

considers saturation state near link/node capacity and congested flow of traffic will be used to
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relax this assumption for a future study of the problem. However, the simplifications made to the

problem are still good enough to serve the research objective of the study.

The sets used in the model include:

L,

oY)

Set of nodes in the evacuation network;

Set of origin nodes in the evacuation network;

Set of destination nodes in the evacuation network;
Set of intermediate nodes in the evacuation network;
Set of links in the evacuation network;

Index of origins in the evacuation network, o € O;
Index of destinations, d € D;

Index of intermediate nodes, m € M;

Indices of nodes in the evacuation network, i,j € N;

Index of traffic link between adjacent nodes iandj, (i,j) € E;

The input parameters in the model include:

capij
Acap
Acap;;
capo

capm

DE,4

Cij

General capacity of link (i, j) in the evacuation network;

Capacity increase change of link (i, j) in the evacuation network;

Capacity decrease change of link (i, j) in the evacuation network;

Demand of the origin node o in the evacuation network, o € 0;

Capacity of the intermediate node m in the evacuation network, m € M;
Evacuation trip demand between o-d in the evacuation network, 0 € 0, d € D;

Travel cost of link (i, j).
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The decision variable includes:

Xoqij Evacuee volume from o to d on network link (i, j).
In the model, there are flow equilibrium constraints, evacuation demand constraints, and link

capacity constraints.

(1) Flow equilibrium constraints

ZZZZ’CMPZZZZ%&HZZ DE,q (1)

ie0 jEM oeO deD ieM jED o0eO deD 0€0 deD
0€0 d€eD 0€0

Constraint (1) ensures that the total evacuation demand generated from all the origin nodes
equals the total flow volume arriving at all the destination nodes, also equal to the total
evacuation demand in the evacuation network. Constraint (2) is evacuation demand constraint.

Zzzx"dim:zzzx"dmj forvmeM 3)

0€0 d€eD ie0 0€0 d€eD jeD

Constraint (3) ensures that the total flow volume from all the origin nodes to one
intermediate node equals the total flow volume from that intermediate node to all the

destination nodes.

Z Xodoj = Z X,qia for Vo € 0,¥d € D, 4

JjeM ieM
Constraint (4) ensures that each od demand is assigned to the intermediate nodes and the

assigned volumes conserve during the traffic assignment.
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(2) Link/Node capacity constraints

Z Z Xoaij < cap;; for V (i,j) EE (5
0€0 d€eD

z Z z Xodim < cap,, for vm € M (6)
0€0 d€eD i€0

Constraint (5) ensures that the total flow volume from o to d on link (i, j) could not exceed
the capacity of that link (i, j). Constraint (6) ensures the total volume to any intermediate note

does not exceed the node capacity.

(3) Non-negative and integer constraints

Xoaij = 0 forvoe 0,d €D, Vi,jeN,i #j (7)

(4) Objective function
The objective of the model is to minimize the total travel cost in the evacuation network. The

objective function is:

min Z = Z Z Z CijXodij (8)

(i,))EE 0€0 deD

(5) Solution of linear programming problem
The above optimization model including equations or formulations (1) through (8) is a typical

linear programming problem that could be rewritten in the following matrix format:

min{cx} subjectto: Ax >b,x >0

16



where A is an m by n matrix, c an n-dimensional row vector, b an m-dimensional column vector,
and x an n-dimensional column vector of variables or unknowns. The problem can be considered

as an Integer Programming (IP) problem since the decision variables normally take integer values.

For different gate control scenarios, the following equation can be used to set the capacity

of the links connected to a gate or a non-gate.
cap;j = cap;; + Acap; - 8;; — Acapy; - 6;; (9)
8 +65=1 (10)

where cap;; is the updated link capacity due to a specific gate control setting, and 8;;- and 65
are 0-1 variables associated with the gate or non-gate status of a node on the PAZ boundary. If
6;} = 1, (which means &;; = 0), the link (i,)) is associated with a gate node and is to increase
the capacity by Acap{'j. If 51-; = 1 (and therefore 6{; = 0), then link (i, j) is inbound associated
with a non-gate node to decrease the capacity by Acap;;. Otherwise, capacity of link (i,))is

unchanged and should take the original general capacity value.

3.4. Traffic Conflict Evaluation

For the traffic assignment results with the minimum total travel cost in the evacuation network,
the degree of conflict of any two links of traffic flow will be evaluated by using the following

formula:
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Y= Z z X(iy i) - Xli ) (Bn i o)) (11)

i1,i2€0 ji1,j2€M

where, y is the degree of traffic flow conflicts throughout the network inside the PAZ. x(;, ;. =
Yo0c0 2udeb Xodiy j, aNd X(i, j,) = Xoeo Ddeb Xodi, j, are the traffic flows on link (i3, jz) and link (i,
J2); Biy,j1)(inj,) 1S @ 0-1 variable denoting whether or not link (iz, jz) and link (iz, j2) are conflicting
with each other. If B(iph)(iz,}'z) = |, then traffic flows on link (i3, j1) and link (i2, j2) are conflicting
with each other in their evacuation trip routes inside the PAZ zone; Otherwise f;, ;. y,,j,)= O-
Equation (11) defines the total degree of traffic conflicts for the PAZ network as the summation

of the products of all conflicting traffic flows within the PAZ network.

FIGURE 3 Traffic conflicts in PAZ evacuation network
The calculation of the total degree of traffic conflicts is explained and shown in FIGURE 3.
There are two traffic flow conflicts in the network inside the PAZ. One is traffic flow conflict

between link (B, 1) and link (A, 3), and the other one is traffic flow conflict between link (B, 2) and

18



link (A, 3). The flow volume is marked on each link in the Figure. The total traffic conflict degree

isY=5%x54+5x%x10=75.

4. Experiment Results
4.1. Experiment Results of Gate Control Plans
Experiments on gate control plans were conducted first to find which node on the boundary

would impact the evacuation performance in decreasing the total travel cost in the network

shown in Figure 4 should the control be selected.

FIGURE 4 Network used in the numerical experiments

Model Objective Functions in Scenarios

The computational result of the optimization objective function for different gate control plans
along with the decreased link capacity for inbound links of non-gate nodes are shown in FIGURE

5. It should be noted that the reduced link capacity applied to the inbound links to all the non-
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gate nodes in the scenarios with gate controls, but not to the scenario without any gate control.

The experiments’ results in FIGURE 5 show that before using any gate control, the objective value

was 57400, which is shown as a horizontal line serving as a benchmark reference for comparison.

Apparently, each of the six scenarios with gate control could effectively improve the evacuation

performance by obtaining a smaller total travel cost value than the benchmark of no gate control.
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FIGURE 5 Objective function values of different gate control scenarios with decreased non-

gate link capacity

In FIGURE 5 it shows that the six gate control scenarios could reach a similar objective

function value (the initial point for the gate-control curves in the Figure), which means the gate

control level of increased link capacity was not binding in the model constraints. Other

parameters such as the node capacities may have become the binding constraints that prevented
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the objective function from further going down even with more boundary nodes being included
and configured as gate nodes. This result may suggest that a link capacity enhancing traffic
control strategy such as a contra-flow deployment on an evacuation corridor must be coupled or
coordinated with proper traffic management strategies at important nodes such as an urban
intersection (e.g., traffic signalization and/or law enforcement) or a ramp access point (e.g., ramp
metering) to a freeway to increase the system network capacity in order to improve evacuation

performance.

FIGURE 5 also shows that with the increased capacities of inbound and outbound links of
the gate node(s), the reduction of the capacity of the inbound links to the non-gate nodes
increased the objective function values and therefore caused the increase of the total travel cost.
This is quite understandable and expected to happen when the capacities of the inbound links
were decreased due to traffic control. Therefore, in FIGURE 5, the objective function curves for
the six gate-control scenarios started from an initial value lower than the no-gate scenario and
then go up along with the reduction of inbound link capacity at the non-gate nodes, until
surpassing the benchmark value for the no-gate scenario. However, the slopes of the climbing
curves show that the scenarios with more than one gate node generally have smaller slopes than
those of the scenarios with only one gate node. The scenario Gates 1, 2 is shown to have the
smallest climbing slope which suggests the best gate control configuration among all the seven
scenarios. The next best gate-control scenario would be scenario Gate 2, due to its good

performance as well as its advantage for requiring only one gate node in setting up.

Degrees of Traffic Conflict in Scenarios

21



The degrees of traffic conflict for the seven gate-control scenarios were calculated using the
model in Equation (11) and are listed in TABLE 1. For the six scenarios where at least one
boundary node was configured for gate control, the degrees of traffic conflict for the experiments
of reducing inbound link capacities for non-gate nodes are also listed in the table. The empty cells
in TABLE 1 denote higher objective function values or total travel cost values than the benchmark
value at the no gate control and accordingly degree of traffic conflict were not calculated for

these situations.

TABLE 1 Degree of Traffic Conflict in the Network (x10%)

Capacity of Non-gate Associated Links (veh/hr)
Scenario ID

1000 900 800 700 600 500 400
No gate 208 208 208 208 208 208 208
Gate 1 152 158 128 - - - -
Gate 2 152 148 160 - - - -
Gate 3 152 162 - - - - -
Gates 1,2 152 152 152 139 160 162 160
Gates 1,3 152 146 164 - - - -
Gates 2,3 152 148 144 - - - -

As shown in TABLE 1, the degree of traffic conflict result for the scenario with no gate
control was valued the highest at 208x10% compared with the other scenarios with at least one

boundary node configured with gate control. It is noticeable that the calculated values for the
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degree of traffic conflict for almost all of six scenarios with effective gate controls show a
decreasing trend as the capacities of the inbound links to the non-gate nodes were reduced. This
result confirms the earlier concerns by the authors that the “shortest-path” based traffic
assignment may have underestimated the effect of traffic congestion due to the conflicts of trip
routes and traffic movements especially within the PAZ zone. Among all the six gate control based
scenarios, scenario Gate 1 could most effectively relieve the traffic conflicts and the calculated
value for the degree of conflict under Gate 1 scenario was the smallest at 128x10%, which is about
38.5% reduction from the benchmark scenario of no gate control. Scenario Gates 1, 2 is the
second best effective strategy among all by achieving 139x10%in the degree of traffic conflict.
The scenario also exhibits a long scope for reducing the link capacity to the inbound links to the

non-gate nodes.

Although the theoretically built optimization model proves the effectiveness of using a
gate control strategy to improve the traffic operation performance of an evacuation, the test
network used in the experimental analysis was randomly selected and quite small in size. To
overcome the drawback of a theoretical study, the gate control strategy was applied to a

hurricane evacuation problem which was simulated in this study.

4.2. Simulation Results
Simulation Program -DTALite
The software used for this study is DTALite which is a mesoscopic dynamic traffic assignment

modeling tool developed and maintained by researchers at the DTALite Laboratory led by Dr.
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Xusong Zhou of the School of Sustainable Engineering and the Built Environment at Arizona State

University (16, 17).

Based on a mesoscopic simulation-assignment framework, DTALite uses a
computationally simple but theoretically rigorous traffic queuing model in its lightweight
mesoscopic simulation engine. To reduce data preparation efforts, it only requires a minimal set
of static traffic assighment data and some time-dependent OD demand pattern estimates. Its
built-in parallel computing capability dramatically speeds-up the analysis process by using widely
available multi-core CUP hardware. DTALite shares the same user-friendly front-end graphical
user interface, NEXTA, with for DYNASMART-P and TRANSIMS, which fully leverages the previous

development efforts supported by the FHWA.

Network Description

Network and geographic data are usually obtained from a GIS database. The network used in this
study included local collecting roads, major streets, arterial highways and freeways. Socio-
demographic and behavioral data are typically obtained from a recent census. For this study, all
data were provided by the Mississippi Department of Transportation (MDOT). In the Mississippi
Gulf Coast region with 4,465 nodes, 12,199 links, and 453 traffic analysis zones (TAZ) in eleven

counties was used and shown in FIGURE 6.
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FIGURE 6 Hurricane evacuation network

Evacuation Traffic OD Demand

In this study, we assumed the emergency evacuation happened after the 60th minute in the five-hour
period of 14:00-20:00 pm. Therefore the simulation duration was 300 minutes and two evacuation traffic
demands started to be loaded concurrently at the 60th minute in simulation. Hancock, Harrison, and
Jackson Counties (in the lower enclosed area in FIGURE 7, and Pearl River, Stone, and George Counties (in
the upper enclosed area in FIGURE 7) were the counties mostly considered and treated as a subarea in
danger of an imminent flooding threat in the hurricane evacuation in the study for the counties are in the
vicinity of the sea water. As a matter of fact, the roads in these counties were mostly storm surged in the
past hurricanes. There is a total population of 444,322 in these counties and the evacuation demand was

estimated at 280,333 vehicles. Ten feasible gate locations were identified which are close to the major
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highways and freeways designated as the hurricane evacuation routes by the Mississippi Department of

Transportation.

Evacuation Trip Origin and Destination

Before any evacuation trip could be generated, the origin and destination of the evacuation trip
needed to be determined. Evacuation trip origins were determined based on the traffic analysis
zones (TAZ) located in the PAZ. In this study, there were 252 TAZs in the PAZ that were seen as
origins to produce evacuation traffic. On the other hand, evacuation trips were assumed to have
destinations in TAZs with highway entrances. In this study, the 11 TAZs with Mississippi Highway

43, US Highway 49, US Highway 98, and Interstate 59 were chosen as destinations.
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Trip demand from each origin TAZ was assumed to distribute evenly over the available
destination TAZ zones. With the trip production for the origin zone and trip attractions for the
destination zones determined, the gravity model in TransCAD was applied to assign the
evacuation traffic in equilibriums and to develop evacuation OD demand matrices over the traffic
analysis zones. The OD demand matrices over the TAZ zones were then fed into DTALite for
dynamic traffic assignment computation due to specific network and traffic management

conditions.

Gate Control Scenarios

Four gate control scenarios were tested. 1) Scenario 1 selecting location 1, 2, 3, 6, 7, and 8 as the
feasible gates; 2) Scenario 2 selecting location 3, 4, 5, 9, and 10 as the feasible gates; 3) Scenario
3 selecting all the locations as the feasible gates; and 4) Scenario 4 without using a gate control
strategy. The evacuation demand was increased in increments from 280,333 to 588,000 vehicles.
Inbound and outbound link capacities for the gate nodes were increased by using the same traffic
control methods mentioned earlier. The measures of effectiveness (MOE) for the evacuation
performance are shown in FIGURE 8 and FIGURE 9. FIGURE 8 (a) and (b) show average travel
times of the different gate control scenarios and FIGURE 9 (a) and (b) show average trip times of

the different gate control scenarios.
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FIGURE 9 Average trip time of different gate control scenarios

29



The simulation results in FIGURE 8 and FIGURE 9 show that the average travel time and
average trip time in Scenario 1 are smaller than that in other two scenarios by using the feasible
gates. For a low evacuation demand, the average travel time and average trip time in the
scenarios using the feasible gates are only a little lower than those of the no-gate scenario. But
for a high evacuation demand (larger than 360,000 vehicles), the average travel time and average
trip time in the scenarios using the feasible gates are obviously lower than those of the no-gate
scenario. The simulation results confirmed that the gate control strategy could improve the
evacuation performance at a high evacuation demand by significantly reducing the average travel
time and average trip time.

The simulation resuts in FIGURE 8 (b) and FIGURE 9 (b) also show that when the
evacuation demand approaches to around 430,000 vehicles, the average travel time and average
trip time would have a reducing trend followed by rising curves. The reducing trend observation
may be due to the flexibility of allowing evacuees to change destinations to a nearest exit gate
point on the boundary of the subarea. Since the traffic signals at intersections were all assumed
to be operated at fully actuated conditions with optimal signal timing based on traffic volumes,
the simulation results should be considered as “at best” situations. However, it should be
mentioned that in reality a link capacity enhancing traffic control strategy such as a contra-flow
deployment on an evacuation corridor must be coupled or coordinated with proper traffic
operations actions at important nodes such as an urban intersection (e.g., traffic signalization
and/or law enforcement) or a ramp access point (e.g., ramp metering) to a freeway to increase

the system network capacity in order to improve evacuation performance.
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5. Conclusions and Recommendations

This study proposed an optimization model to obtain improved traffic flow assignment with a
minimization of the total travel cost in a localized no-notice evacuation network. The gate control
strategy was introduced as constraints in the optimization model by increasing the link capacity
connected to the selected gate nodes and decreasing the link capacities of inbound links to the
non-gate nodes. Flow equilibriums, evacuation traffic demand, and link/node capacities were
also considered in the model to theoretically establish the model. Numerical experiments were
conducted to verify the effectiveness of the model by showing the evacuation traffic flow
assignment results with improved travel costs and reduced degrees of traffic conflicts that may

result in congestion. Based on the study we also have the following observations:

(1) Numerical experiment results show that the implementation of a gate control strategy by
increasing the capacities of the inbound and outbound links of the selected node(s) on
the PAZ boundary while reducing the capacities of the inbound links to the non-gate
nodes on the PAZ boundary could effectively decrease the total travel cost and reduce
the degree of conflicts of traffic movements and trip routes inside the PAZ of the network
by guiding the evacuees to evacuate from the PAZ through the gate nodes on or near the
PAZ boundary;

(2) Numerical experiment results show that in a no-notice or short notice evacuation for a

PAZ, in which node(s) on the boundary are selected for gate control impacts the
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evacuation performance. The results also show that the number of nodes selected for a
gating strategy may also impact the evacuation performance;
(3) Traffic simulations of an evacuation problem with a large scale network show that

applying the gate control strategy could effectively improve the evacuation performance.
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