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ABSTRACT
Evacuation planning is a critical task in disaster management. Es-
pecially in situations such as natural disasters or terrorist attacks,
large crowds need to move away from danger and reach designated
safe zones. For this purpose, various approaches that efficiently
compute evacuation plans in urban areas have been proposed. To
evaluate the computed plans, previous works employ heuristics
that can only roughly estimate the egress time of each plan. Intu-
itively, a much better approach is to estimate the egress time via
simulation. However, designing a simulation model is usually a
time-consuming task and, what is more, this model can only be
used to evaluate evacuation plans for a specific area. In this paper,
we address these issues presenting EURASIM. Our system enables
the automated generation of simulation models for urban areas.
Furthermore, EURASIM is designed in a way that algorithms for
evacuation planning can be easily integrated, thus functioning as a
testbed for the development of even better solutions.
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1 INTRODUCTION
Evacuation planning is a critical task in disaster management. Es-
pecially in situations such as natural disasters or terrorist attacks,
large crowds need to move away from danger and reach designated
safe zones. To avoid panic and potential catastrophic collisions
while dealing with the aftermath of such events, the availability
of safe and efficient evacuation plans is necessary. For instance,
during the Hurricane Irma events in Florida, people blindly evac-
uated without considering potential risks (e.g., traffic congestion,
movement-conflicts, etc.), which caused major delays. A technical
report by Wong et al. [12] on the behavior of evacuees states that
issuance of complete and clear mandatory evacuation orders is
of utmost importance. To this end, the main goal of evacuation
planning for urban areas is to compute safe routes that minimize
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the egress time, i.e, the total time a crowd needs to move from a
danger zone to a safe area.

To compute evacuations plans, various algorithmic approaches
have been proposed, most of which treat evacuation planning as
a flow optimization problem. Yamada [13] proposed a model with
capacity constraints for safe areas and a method that computes evac-
uation plans by solving a minimal cost flow problem. The Capacity
Constrained Route Planner (CCRP), originally introduced by Lu et
al. [7] but later improved by Yin [14], and by Gupta and Sanda [3],
also treats evacuation planning as a flow optimization problem.
However, in addition to capacities for the safe areas, CCRP also con-
siders capacities for all nodes and edges of the road network, thus
introducing additional constraints. On top of these constraints, Her-
schelman et al. [4, 5] proposed to also consider possible collisions
that are expected to increase the egress time. To this end, the au-
thors presented algorithms which aim at computing an evacuation
plan that minimizes such collisions.

The aforementionedworks enable the computation of evacuation
plans in urban areas. Some of them even provide a detailed schedule
that the evacuees should follow in order to evacuate a danger zone
in an orderly fashion. However, with regard to the quality of the
computed plans, these approaches offer only an estimate of the
egress time using heuristics. A more sophisticated way to evaluate
computed evacuation plans is to simulate them, thus computing
the egress time more accurately [2, 8, 9]. Furthermore, apart from
obtaining a more accurate egress time, Islam et al. [6] showed
recently that the results of a simulation can be used as feedback
that allows the improvement of an already computed evacuation
plan. Unfortunately, in order to execute a simulation, it is necessary
to carefully design a simulation model, a process usually done
by hand and only for a specific area. Evaluating the effectiveness
of algorithmic solutions and simulating the computed evacuation
plans is a task that requires significant time and effort.

To address the aforementioned issues, in this paper we propose
EURASIM1, a system that enables the automated generation of sim-
ulation models to evaluate evacuations plans in urban areas. First,
EURASIM applies an algorithm to compute an evacuation plan from
one or more danger zones to one or more safe areas. EURASIM
takes into account the characteristics of the edges in the road net-
work, e.g. length and estimated width, to compute capacities for
each edge and the average speed of the evacuees. Afterwards, a
simulation model is automatically generated which is then fed into
a simulator to obtain, among other information, the egress time
for the computed evacuation plan. Finally, the evacuation plan is
visually presented to the user. Note that our system is designed with
extensibility in mind, i.e., it facilitates the integration of evacuation
planning algorithms. Under this premise, EURASIM can also be
used as a testbed for comparing evacuation planning solutions.
1https://eurasim.github.io

https://orcid.org/0000-0002-9623-9133
https://orcid.org/0000-0002-8846-4330
https://doi.org/10.1145/3474717.3483963
https://doi.org/10.1145/3474717.3483963
https://eurasim.github.io


SIGSPATIAL ’21, November 2–5, 2021, Beijing, China Theodoros Chondrogiannis, Panagiotis Bouros, and Winfried Emser

2 SYSTEM OVERVIEW
We now present EURASIM, a system that streamlines the evaluation
of evacuation plans for urban areas via simulation. More specifically,
our system allows users to compute an evacuation plan, generates
a simulation model, and simulates the evacuation plan in order to
compute its egress time, i.e., the time required for the last evacuee
to reach their designated safe area. EURASIM is implemented in
Java using the JGraphT2 library for the network model and the
implementation of the algorithms, uses PostGIS3 to store spatial
and road network data, and employs Mapbox4 to display the map
and visualize results. In what follows, we describe the modules of
EURASIM shown in Figure 1 and the function each module serves.
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Figure 1: System architecture.

2.1 Spatial DB
The Spatial DB module is responsible for storing the data for the
road network onwhich evacuation plans are computed. More specif-
ically, we first obtain road network data from OpenStreetMap5
(OSM) and we then transform the data into a routable graph format.
The resulting graph is stored as an edge list in a single table in
PostGIS. Every tuple stores all information related to a particular
edge and its two adjacent nodes, i.e., edge length, source and target
node location, edge type, and edge shape as a sequence of coor-
dinates. In addition to storing road network data, the module is
also responsible for executing necessary spatial operations, e.g.,
mapping input coordinates to nodes/edges of the road network. All
spatial queries are executed in PostGIS.

2.2 Evacuation Planner
The Evacuation Planner module is responsible for computing evac-
uation plans while considering capacity and flow constraints. In
what follows, we describe the two components of this module, i.e.,
the Network Model and the Evacuation Plan Computation.

2.2.1 Network Model. To enable the computation of evacuation
plans, the Evacuation Planner represents a road network as a di-
rected weighted graph 𝐺 = (𝑁, 𝐸). Each edge 𝑒 ∈ 𝐸 is assigned: a) a
positive value ℓ (𝑒) that is the length of the edge, and b) a second
positive value 𝑤 (𝑒) that is the width of the street the edge repre-
sents. While the length of an edge is given by the OSM data, the
width has to be estimated. To do so, we consider the type of street
the edge is associated with as provided by OSM. We split all edges

2https://jgrapht.org
3http://postgis.net
4https://www.mapbox.com
5https://www.openstreetmap.org/

into groups based on these two parameters. Then, we select a few
edges from each group and we estimate the width of those edges
manually. The width of each edge is defined as the average width
of the sampled edges in each group.

Furthermore, for each edge 𝑒 we need to estimate its capacity
𝑐 (𝑒), i.e., the maximum number of people that can be on the edge
at any given time. The capacity of an edge 𝑒 is given by

𝑐 (𝑒) = 𝜌𝑚𝑎𝑥 ·𝑤 (𝑒) · ℓ (𝑒)

where 𝜌𝑚𝑎𝑥 is the maximum crowd density, i.e., the maximum
number of people per𝑚2. Existing works have proposed different
values for crowd density [10]. As there is no settled way to set the
𝜌𝑚𝑎𝑥 value, we define it as a system parameter and we allow users
to set the value themselves.

Figure 2a illustrates a sample graph representing a road network.
Each edge is assigned a triple {ℓ,𝑤, 𝑐}. The capacity 𝑐 for all edges
is computed assuming, without loss of generality, that 𝜌𝑚𝑎𝑥 =

5 people/𝑚2. For illustration purposes, we do not draw the direction
of the edges; all edges are assumed to be bidirectional.

2.2.2 Evacuation Plan Computation. In order to compute an evacu-
ation plan, the module takes as input a query 𝑞(𝑆,𝑇 ), where 𝑆 is the
set of danger zones that need to be evacuated, and𝑇 is the set of safe
areas to which the evacuees must be routed. Both each danger zone
and each safe area 𝑛 ∈ 𝑆 ∪𝑇 are represented by a pair ({𝑥,𝑦}, 𝑘),
where {𝑥,𝑦} is the longitude-latitude coordinates of 𝑛6. For the
danger zones, 𝑘 denotes the number of evacuees that need to leave
the zone, while for safe areas 𝑘 denotes the maximum number of
evacuees that can be routed to this area, i.e., the maximum capacity
of the safe area.

The first step for processing an input query 𝑞(𝑆,𝑇 ) is the map-
ping of the real-world coordinates to the road network. For each
danger zone or safe area 𝑎 ∈ 𝑆 ∪𝑇 with location 𝑝𝑎 , the Evacuation
Planner first communicates with Spatial DB and retrieves the near-
est point 𝑝𝑛 of the road network, the edge (𝑢, 𝑣) for which 𝑝𝑛 lies
on, and the locations 𝑝𝑢 and 𝑝𝑣 of the endpoints of (𝑢, 𝑣). A new
node 𝑛 with the same coordinates as 𝑝𝑛 is temporarily added to the
network representing 𝑎. Then, edge 𝑒 is temporarily removed from
the graph and is replaced by the temporary edges (𝑢, 𝑛) and (𝑛, 𝑣).
The two new edges have the same width and capacity as 𝑒 , while
the lengths ℓ (𝑢, 𝑛) and ℓ (𝑛, 𝑣) are

ℓ (𝑢, 𝑛) =
𝑑𝑔 (𝑢, 𝑛)·ℓ (𝑢, 𝑣)

𝑑𝑔 (𝑢, 𝑣)
and ℓ (𝑛, 𝑣) =

𝑑𝑔 (𝑛, 𝑣)·ℓ (𝑢, 𝑣)
𝑑𝑔 (𝑢, 𝑣)

,

where 𝑑𝑔 (𝑢, 𝑣) is the geodesic distance between the locations of
nodes 𝑢 and 𝑣 . Note that, to accelerate future planning tasks, for
locations that are stored in Spatial DB permanently, i.e., known
points of interest, the aforementioned mapping changes to the
network are permanent.

Having mapped all input locations to nodes of the graph, the
input query is transformed from a query between source and target
location to source and target nodes. At this point, the Evacuation
Planner employs an evacuation planning algorithm to compute the
plan. The resulting evacuation plan is a set of paths 𝑃𝐸 such that
each path connects one source (danger zone) to one target (safe

6While danger zones and safe areas are represented by points, both can also be repre-
sented by polygons and associated with multiple nodes of the road network.
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Figure 2: Illustration of the original network, a computed evacuation plan, and the graph on which the simulation is executed.

area). Note that our system imposes no limit on the number of paths
between each source-target pair, i.e., there might be multiple routes
for evacuees to move from a danger zone to the same safe area.

After the computation of the evacuation plan is finished, 𝑃𝐸
is forwarded to the Simulation Manager, in order to execute the
simulation and compute the egress time. As soon as the Simulation
Manager returns the egress time along with additional statistics,
the plan is forwarded to the Visualization module in order to be
presented to the user. Figure 2b illustrates an evacuation plan in
our sample network. The red node represents a danger zone, the
green nodes represent three safe areas, and the arrows indicate the
routes the evacuees must follow.

2.3 Simulation Manager
The Simulation Manager module is responsible for the simulation
of a given evacuation plan and the computation of its egress time
along with some additional statistics, e.g., density of edges over
time. For the simulation, the module employs NetLogo, an agent-
based simulation modeling platform [11]. The Simulation Manager
takes as input an evacuation plan 𝑃𝐸 from the Evacuation Planner
and generates a simulation model that is then fed to NetLogo. The
evacuees are modeled as agents that follow an assigned path from
the source node (danger zone) they are located in, to the target
node (safe zone) they need to go, according to 𝑃𝐸 .

In NetLogo, the passing of time is modeled using ticks, i.e., one
tick signifies the passing of one unit of time. To model the move-
ment of evacuees over time accurately the module generates a
simulation graph. First, all nodes in the evacuation plan are added
to the simulation graph. Then, each edge in the evacuation plan is
split into multiple segments based on the speed of the evacuees by
introducing intermediate nodes. For a given edge 𝑒 the number of
intermediate nodes 𝑁𝑖 (𝑒) is

|𝑁𝑖 (𝑒) | =
ℓ (𝑒)

speed · ticks/second − 1.

The speed is the maximum speed in which evacuees should move
in order to minimize the egress time while minimizing the danger
for accidents. As various values have been proposed in the bibliog-
raphy [1, 8], our model treats speed as a user-defined parameter. In
our model, a tick increase happens after every evacuee has been

asked to move from one node to the next on their assigned path in
the simulation graph.

Figure 2c illustrates the simulation graph generated from the
evacuation plan of Figure 2b for our sample network. For exempli-
fying the simulation of the evacuation plan, consider there are 300
evacuees in the single danger zone (red node), each of the three safe
zones (green nodes) has a capacity of 100. We assume that according
to the evacuation plan, the 300 evacuees are routed evenly to the
safe areas. The capacity of all edges is 25, computed after dividing
the capacity of the original edge by the number of intermediate
nodes + 1. Hence, evacuees routed towards a safe area have to move
in groups of 25, yielding a total of 12 groups. The units of time
each group requires in order to reach their designated safe area
equal the number of nodes on their assigned path in the simulation
graph. Since we assumed the same number of evacuees for all safe
areas, the egress time of the evacuation plan is given by the longest
route. That is the route to the bottom right safe area, which yields
an egress time of 9 units of time.

2.4 Visualization
The visualization module is responsible for presenting the results
after an evacuation plan is computed. First the module retrieves
the shapes of all edges contained in the shortest path from Spatial
DB and produces a response in GeoJSON format. Apart from the
routes themselves, the module also enables the visualization of the
density of edges over time.

3 USER INTERFACE & DEMONSTRATION
In this section we describe the user interface of EURASIM, and
we show how our system can be used to compute, simulate, and
visualize evacuation plans. Figure 3 shows the interface of our
system. On the left hand side, the user can explore points of interest
and set the input to the evacuation planning algorithm. The system
also allows users to set system parameters such as crowd density
and pedestrian speed. For our demonstration, we use the road
network and points of interest in the city of Berlin. During the
demonstration, users can explore the features of the system and
use it to compute evacuation plans that would be useful in different
emergency scenarios, e.g., earthquakes, buildings on fire etc.
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Figure 3: EURASIM User Inteface

The computation of an evacuation plan requires three steps.
First, the user selects the danger zones that need to be evacuated
and sets the number of evacuees per zone. Second, the user selects
the safe zones where the evacuees must be routed to and sets the
capacity of each area. A user can select danger zones and safe areas
either by clicking on the map, or by selecting them among a set
of points of interest that are stored in the system. For example,
Figure 3 shows museums and cinemas in the city of Berlin some
of which might have to be evacuated during an emergency, and
several parks that can be selected as safe areas. As the final step,
the user selects the algorithm used to compute the plan. For this
step, our system integrates the well-established Capacity Constraint
Route Planner (CCRP) algorithm [7]. However, despite employing
only CCRP for this demonstration, our system is implemented with
extensibility in mind. By simply implementing a Java interface and
with minor extensions in the user interface, more algorithms can
be easily integrated into our system allowing the user to compute
and compare multiple evacuation plans.

After the user sets the parameters, the system proceeds with the
computation of the evacuation plan. As soon as the computation
is finished, the evacuation plan is visualized on the map. Under
the Results tab, information about the evacuation plan is displayed.
More specifically, the results include the estimated egress time given
by the evacuation plan algorithm using heuristics, the egress time
computed by the simulator, and the list of routes from danger zones
to safe areas. For each route, the number of evacuees that will follow
this route according to the evacuation plan, and the time necessary
for the evacuees to reach the destination safe zone is also displayed.
Finally, the interface also provides a range control, which allows
the user to explore the progress of the number of evacuees on each
danger zone and the available capacity of each safe zone over time.
Figure 4 illustrates an evacuation plan that involves three danger
zones and four safe areas in the city of Berlin.

4 CONCLUSIONS & FUTUREWORK
We have presented EURASIM, a system that enables the automatic
generation of simulation models for evaluating evacuation plans
for urban areas. The system is not intended to be used solely as
a supporting tool for urban planning, but also as a testbed for

Figure 4: Visualized evacuation plan

the development of novel algorithmic solutions. In the future, we
plan to conduct a thorough evaluation of existing state-of-the-art
methods for computing evacuation plans using EURASIM. We also
plan to integrate in our systemmodels for humanmobility to enable
the execution of more elaborate simulations. Furthermore, we will
investigate solutions to enable large-scale simulations.
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