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ABSTRACT

As many cities are increasingly threatened by natural disasters, the study of evacuation and population behaviour
during those disasters is identified as a crucial point by many stakeholders and researchers. As the environment is
very important in those studies, integrating Geographic Information Systems (GIS) data into an Agent Based Social
Simulation (ABSS) marks a significant step forward in crisis modelling. However, it also introduces a key challenge:
adapting highly detailed spatial data to reduce environmental complexity while preserving the essential information
necessary to approximate higher-resolution environments. Drawing on two disaster evacuation scenarios using
different spatial data structures, namely graph-based and grid-based representations, this paper proposes an original
methodology to address this challenge. The proposed methodology, HoMer (Homogeneous Merging), provides a
structured approach to reducing spatial resolution while retaining crucial information and striking a balance in
computational scale for environments that afford agent-environment interactions. It is composed of a three-step
framework: (1) attribute reduction, (2) merging of spatial entities, and (3) evaluation of the output. Our results
demonstrate that HoMer makes it possible to identify an appropriate ABSS resolution for a given project while
maintaining maximum data integrity.
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INTRODUCTION

As many cities are increasingly threatened by natural disasters (Van Aalst 2006), the study of evacuation and
population behaviour during those disasters is identified as a crucial point by many stakeholders. Indeed, evacuation
is one of the crisis management tools used in case of a big event, such as a forest fire, for example (Kirschenbnum
1992 ; Lindell 2021). However, field-based simulations of population evacuation are difficult, time-consuming, and
costly to organise. Computer simulations of evacuation, which incorporate social behaviours, serve as a valuable
tool for analysing such situations. They allow multiple scenarios to be examined quickly and at low cost.

Social simulations have been studied since at least 1971, with Schelling’s model of segregation (Schelling 1971).
They aim at reproducing social phenomena (Epstein 1999) with high “behavioural fidelity” while neglecting the
“environmental fidelity”. However, in the case of natural disasters, it is important to study human behaviour in
the context of the specific environment in which the evacuation occurred (Grazia De Paoli et al. 2020). Thus, the
environment should be represented in sufficient detail when Agent-Based Social Simulation (ABSS) is used for
disaster management.

Modelling environments of disaster situations, along with human behaviour, requires a lot of data. Since the adoption
of the European Union’s Open Data Directive (EU 2019/1024)!, high-value datasets (HVD) such as population
statistics, cadastral and geospatial information, and mobility data are now becoming increasingly available through
open access. Agent-programming frameworks, such as GAMA, Repast (Team 2006), or AnyLogic (AnyLogic
2014) integrate geographical information systems (GIS) support. This means that fine spatio-temporal resolution
and more complex agent-environment interactions can be modelled (Mancheva et al. 2019, Kaziyeva et al. 2021).

However, modelling such complex interactions requires a very high resolution, which means small-sized objects
simulated in the model, which may not be computationally feasible with large-scale simulations, i.e., simulations
with a large studied area. The trade-off between spatial scale and representational resolution is exemplified by
the distinction between macroscopic and microscopic approaches. For example, in road traffic simulation, when
focusing on a single road intersection, it is possible to simulate each vehicle individually, capturing detailed
behavioural dynamics (Doniec et al. 2008). When the study area encompasses an entire city or country, such
fine-grained resolution becomes computationally impractical. In these cases, the issue is addressed by adopting
flow-based models that represent aggregated traffic dynamics rather than individual vehicles. Furthermore, ABSS is
a highly diverse field characterised by strong multidisciplinarity. The complexity of GIS data and their processing
can be a barrier to their use by non-geomatics experts. Most current computer social simulation environments are
either too precise or too abstract to be used to represent a natural disaster and to be useful to stakeholders. Therefore,
in this paper, we address the following questions:

¢ How can GIS data be leveraged in ABSS by modelling it in interactive environments?

* How can the balance be struck between high resolution and large scale in an ABSS for interactive environments?

This paper proposes a methodology designed to reduce environmental complexity while preserving the essential
information required for ABSS. Our methodology deliberately relies on simple and intuitive concepts to ensure
accessibility for researchers from diverse disciplines, including those without expertise in geomatics, graph theory,
or computer science. Therefore, the methodology can be readily extended or refined through the integration of
domain-specific techniques tailored to the environment under study. We use GIS data from two separate disaster
management projects to demonstrate proof-of-concept for the method across different data types and scenarios.
The first section reviews the related work and existing simulation scales and the limitations of these approaches.
We then present the theoretical aspects of the methodology in the second section. Finally, in the last section, we
introduce two different evacuation scenarios using GIS data to highlight crucial methodological considerations.

ENVIRONMENT REALISM AND RESOLUTION IN ABSS

Early works in social simulation, including Schelling’s model of segregation (Schelling 1971), were characterised
by the use of simple rule-based agent behaviours embedded in highly abstract environments. This approach,
commonly referred to as “Keep It Simple, Stupid” (KISS, Edmonds and Moss 2004), remains both influential and
productive across numerous domains. NetLogo, an agent-based simulation platform, is a useful tool to explore the
KISS paradigm in ABSS (Tisue, Wilensky, et al. 2004) and is still largely used (Avila-Garzon et al. 2022, Grimm
et al. 2025, Pires et al. 2026). However, since the early 2000s, there has been a growing shift towards developing

I Directive (EU) 2019/1024 of the European Parliament and of the Council of 20 June 2019 on Open Data and the Re-use of Public Sector
Information 2019
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more realistic and data-driven models, exemplified by the “Keep It Descriptive, Stupid” (KIDS) school of thought
(Edmonds and Moss 2004). This evolution has been accompanied by a growing interest in the realistic representation
of environments within agent-based systems (Weyns, Van Dyke Parunak, et al. 2004; Weyns, Omicini, et al. 2007).
While the environment is an ubiquitous concept in ABSS and, more broadly, in multi-agent systems (MAS), the
term is often used ambiguously, encompassing a wide range of aspects, and has received limited attention as a
research subject in its own right (Weyns and Michel 2015).

GIS data integration enables agent-environment interaction with a realistic environment, improving the validity
of simulations’ predictions and improving the acceptance of those predictions by decision-makers. (Schoenharl
and Madey 2011). The use of GIS data foregrounds the potential of high-resolution environments as natural
and built settings that shape the affordances and constraints of agents, enabling more realistic simulation models
(Papasimeon 2010). While the KISS approach can be effective in cases where the environment is relatively simple
or can be neglected altogether, this comes at the cost of foregoing such environmental richness. The advantage
of this simplification is reduced time complexity from an algorithmic standpoint. Time complexity otherwise
increases with the scale and spatio-temporal resolution of the environment, as well as with the complexity of
agent decision-making and agent—environment interactions. The downside is that de-emphasising, or even entirely
neglecting, the environment risks overlooking emergent dynamics arising from agent—environment interactions,
which may significantly influence simulation outcomes. For instance, extensions of the BOIDS model incorporate
features such as coral reefs and other obstacles, illustrating how agent—environment interactions can fundamentally
alter collective dynamics rather than merely scaling individual behaviour (Rahmani et al. 2020). In earthquake
simulations including more complex environments, such as falling debris capable of obstructing evacuation routes,
along with more realistic agent behaviour, agents’ arrival to safe areas was significantly delayed (Iskandar et al.
2024). Ultimately, increasing the resolution of environments facilitates a shift from static digital models toward
dynamic and complex environments, and enhances the perception of realism for all stakeholders.

In the context of European Union’s Open Data DirectiveDirective (EU) 2019/1024 of the European Parliament and
of the Council of 20 June 2019 on Open Data and the Re-use of Public Sector Information 2019 agent-programming
frameworks integrating geographical information systems (GIS) support offer the opportunities to implement finer
spatiotemporal resolution and improve the perceived realism of users. GAMA, an agent-based simulation platform
used to develop data-driven simulation models, enables the direct use of GIS data such as GeoJSON, Shapefile, or
SVG. GAMA has already been used many times on a wide number of projects where the environment is described
at a fine resolution in order to allow environment-user interaction Taillandier et al. 2019, multimodal movement
(network, continuous or discrete) (Drogoul et al. 2013;Yang and Xu 2024).

Having a fine resolution is particularly important in the case of natural disasters, where the environment strongly
influences human behaviour and evacuation (changing environment, risk perception). Highly dynamic environments,
such as disaster situations with evolving hazards, modifications to the infrastructures and resource availability,
introduce additional constraints that affect the dynamics of models as re-evaluation of the perceived environment or
dynamic path computation (Moradi et al. 2025; Clark 1997). Crisis management is thus a particularly relevant
domain for investigating environmental complexity in simulation, and bringing more realism will enhance both
results and their perceived validity by users.

To make GIS data more suitable for simulations, a number of simplification strategies can be employed. In relation to
network data, one approach is to prune the graph by removing nodes with low network centrality (Porta et al. 2006).
However, this may reduce network connectivity and compromise local structural integrity, potentially distorting
movement patterns. Relatedly, another graph-based strategy is node suppression, where chains of nodes with two
connections (i.e., non-intersection nodes) are removed (Boeing 2017). Since this approach does not account for
curvature, it tends to straighten roads, causing the network as a whole to contract. A different approach is to treat
individual edges as lines and apply line simplification algorithms. For instance the Ramer—Douglas—Peucker (RDP)
algorithm removes intermediate points between two endpoints based on a tolerance threshold (Douglas and Peucker
1973). As this approach is purely geometric and developed for line simplification, it does not inherently account
for network topology and may remove nodes representing intersections, potentially resulting in a loss of network
connectivity. Another approach that seeks to preserve network structure is stroke-based generalisation, which relies
on geometric continuity like angular tolerance to amalgamate edges that are semantically or geometrically similar
into longer “strokes” (Z. Li and Dong 2010).

To represent continuous environments, there are many solutions to reduce data for simulation. The most commonly
used for 3D environments is mesh representation, for instance, in shortest path algorithms in video games (Pelechano
and Fuentes 2016). Meshes allows many reduction algorithms such as vertex clustering, or edge collapse (S. Li et al.
2018). However, 3D representations can be very computationally expensive with only minor gains in perceived
realism. It is possible to make a 2D projection of the environment toreduce computational expense. This can be
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done through shape and geometry (Solmaz and Turgut 2017), or by using grid, as in one of the most used fire
simulators (Finney 2006) that aggregates all of the information needed to simulate a forest fire into cells. (Sharma
et al. 2016) present a LiDAR data reduction algorithm using a grid representation. A similar method with a simpler
algorithm has been used for our case study presented in the section of this paper : ”Grenoble Bastille: Evacuation of
a cultural heritage site in case of forest fire”. All of the above solutions have their own benefits and drawbacks. This
paper does not propose to compare those solutions but to present a workflow to apply them to your own context.

METHOD: HOMOGENEOUS MERGING

We propose to simplify GIS data through an attribute-driven merging procedure that seeks to reduce spatial
data while retaining all relevant information to increase computational efficiency for environments affording
agent-environment interactions. GIS data typically includes spatial geometries (nodes, edges, grid cells, etc.) with
associated attributes (e.g.length, altitude, speed limit, street names). We refer to these units as Spatial Entities (SEs).
GIS databases have become widely available following the European Open Data Directive. However, raw GIS
datasets are often large, highly detailed, and internally inconsistent, making them difficult, or even impossible, to
load and use without preprocessing. The central challenge is, therefore, to preserve relevant spatial information while
reducing computational overhead during runtime as much as possible. We address this challenge by aggregating
SEs into the largest spatial unit possible with the same attribute value, termed Largest Homogeneous Spatial Entities
(LHSEs). For this reason, we refer to the procedure as Homogeneous Merging (HoMer). Accordingly, to balance
information richness with simplicity, HoMer merges SEs that share either similar attributes or geometric properties
into LHSEs. This implies that two distinct forms of homogeneity can be distinguished and merged within GIS data:
attribute homogeneity and spatial homogeneity.

Data selection and pruning can be guided by attribute homogeneity, since much GIS data contains information
irrelevant to any specific ABSS model. For example, street names in a road network are often unnecessary, creating
unnecessarily small SEs that could be merged if removed. Once the essential attribute data has been identified
and the rest has been discarded, it is possible to identify the LHSE. Applying aggregation procedures (e.g., mean,
minimum, sum) to attributes allows additional SEs to be merged without incurring any significant loss of information.
Merging can also be guided by spatial homogeneity, defined as the presence of simple geometric shapes, where
SEs with similar — but not identical — attribute values (e.g. two roads with comparable speed limits of 80-90
km/h) are combined into a single SE. Alternatively, spatial homogeneity may be maintained by preserving a higher
number of individual structuring elements (SEs), instead of combining multiple simple-shaped SEs into a single,
larger structuring element with increased geometric complexity. Another strategy to achieve spatial homogeneity is
through a predefined environment (e.g. a grid) where raw GIS data are integrated into those spatial units. After
merging, both spatial and attribute integrity must be verified. Spatial accuracy is checked by comparing the resulting
geometries with the raw GIS data, while attribute loss is quantified to ensure that simplification does not compromise
essential data. In order to find the perfect scale for your simulation, it’s possible to make multiple merges with
different parameters and compare their evaluation.

The methodology can be summarised in the following steps:

» Step 1: Attribute reduction — retain only the attributes of interest, pruning others and, where possible,
reducing the number of unique values.

* Step 2: Perform merging — Merge SEs with neighbours if their attributes are the same or similar. Multiple
approaches can be used to merge SEs into LHSEs with different parameters.

 Step 3: Evaluation — Compare the result with the original data set to ensure that data losses are acceptable
to the study case and check the gain in computation time.

The following section presents two disaster-management case studies employing different types of spatial data using
HoMer. The first subsection of each case provides background and covers steps 1 and 2, while the second focuses
on evaluation, addressing the final step by comparing results with the original data.
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TWO CASE STUDIES IN DISASTER MANAGEMENT
Malmo Citylab: modelling a Civil Defense Shelter

Developed in collaboration with Malmo City’s disaster management division, the model functions as a decision-
support tool that enables policy actors to test and compare policies in a safe, simulated environment (Belfrage
et al. 2024). The model examines civil evacuation under conditions in which shelter accessibility and capacity are
unevenly distributed across the city and constrained by the underlying road network. Road networks are typically
represented as graphs including nodes (vertices) and links (edges) and are denoted as G = (V, E) (Marshall et al.
2018), which we will also adopt. Publicly available data, such as Malmd’s road network, is often incomplete and
may therefore contain disconnected subcomponents that prevent agents from traversing the network as intended.
To address this, we added 323 edges to connect each of the disconnected subcomponents to the main component,
thereby ensuring full network connectivity. However, this also increased the size of the network, yielding a graph
with vertices |V| = 99.414 and edges |E| = 107.565. The goal of this model is to agentify the road network so that
each road link becomes an individual road agent with its own speed limit, repeated vehicle-road interactions to
communicate speed limits, and computed shortest-path routes. This means that there is a substantial computational
overhead for a network of this size. Therefore, the motivation for applying HoMer is to reduce Malmd’s large-scale
network, enabling a coarse-level analysis before proceeding to more granular simulations at the city district level,
which is the smallest spatial unit for which aggregate population statistics are available.

Q O

angle < 180°-15° 3-degjoe node

/
T \ node removed
O<0—0—mp O ®
same edge type Q Q

Figure 1. Logic of the curvature-aware 2-degree reduction

To reduce the size of Malmo’s road network, various data reduction and optimisation techniques can be applied
to reduce both the number of nodes and links, based on the speed limit of the roads, with the goal of retaining
information and the structural integrity of the geography. Practically, this means that any straight road containing
intermediate degree-2 vertices — where the degree of a node is defined as the number of links connecting it to other
nodes (Barabdsi 2013) — along edges with the same speed limit can be merged without losing relevant information.
This exemplifies the information breaking point — the Largest Homogeneous Spatial Entity (LHSE) — in the Malmo
city road network, which can serve as a guiding principle for environmental modelling in ABSS. To this end, we
tested two complementary approaches: (i) a node suppression (degree-2) algorithm targeting chains of nodes (i.e.,
roads without intersections), and (ii) a stroke-based (curvature-aware) algorithm, which further targets degree-2
nodes where connected segments deviate by no more than 15° from a straight line (technically 180° - 15°). This
logic is illustrated in Figure 1 where both algorithms focus on 2-degree nodes, since nodes with a higher degree
(e.g., 3-degree) do not correspond to straight road segments but to intersections. The motivation for testing two
different approaches is that even a 2-degree reduction may lead to a loss of geometric information, as it could
cause the network to drift (roads change coordinates/locations) or contract by pulling nodes closer together, thereby
making it structurally smaller.

Evaluation

Figure 2A (in red) shows the original road network of Malmo city in Sweden, G 4, with |V(G4)| = 99,414
vertices and |E (G 4)| = 107,565 edges. The blue network, Figure 2B is the curvature-aware reduction, in which
pairs of vertices with the same speed limit and with an angular deviation below 15° are merged, resulting in one
vertex being removed (see Figure 1). This produces a moderate overall reduction with |V(Gp)| = 70,329 and
|[E(Gp)| = 78,480. The green network shown in Figure 2C was reduced using the more aggressive 2-degree
reduction |V(G¢)| = 18,342, |E(G¢)| = 26,036, suppressing vertices on edges with the same speed limit without
considering curvature, leading to a substantial decrease in geometric complexity. To support visual inspection
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of the geographical integrity post reduction, four areas of Malmo have been chosen: Vistra Hamnen (V.H), the
island in Limhamn (On), the Oresund Bridge (O.B) connecting Malmé to Denmark, and the docks in Bunkeflo
(B.F). As seen around the O.B area, both Gz and G ¢ show some geometric degradation with respect to G 4. The
loss of geometric information is considerably greater in the green (2-degree reduction) network, particularly when
examining other areas of the network.

Figure 2. Three versions of Malmo City’s road network. Network A (in red) represents the original network after
connecting all previously disconnected components. Network B (in blue) is a curvature-aware 2-degree reduction
using a 15° angular tolerance, while Network C (in green) is a 2-degree reduction merging edges of the same type
without any angular consideration.

To benchmark the computational gains from reducing the road network, we ran three simulation experiments
comparing the two reduced networks with the original network. We conducted a batch experiment with 20 iterations
per condition. Each iteration included 20 randomly distributed agents, each with randomly assigned targets, and with
the shortest paths to the targets being calculated using Dijkstra’s algorithm. Given the simplicity of this experiment
(comprising only two agent types, people and roads, and a limited set of functions), the interactions between model
components and the environment are minimal. This makes the experiment well suited to test the effect of network
reduction on runtime. After the experiments were completed, the average initialisation and computation times were
calculated for each network to assess the impact of each reduction. Table 1 shows that the initialisation time varies
negligibly across conditions, whereas the shortest-path computation time decreases markedly following network
reduction. On average, computation on the original network takes 998.5 s (16.6 min), compared to 420.8 s (7.0
min) for the curvature-aware reduction and 73.7 s (1.2 min) for the two-degree reduction. Accordingly, there are
substantial computational gains to be made from network reduction, with the 2-degree reduction providing the
largest speed-up and the curvature-aware reduction offering a significant, though smaller, improvement in runtime.

Table 1. Time of shortest-path experiments reported in seconds.

Graphs Original | Curvature reduction | 2-degree reduction
Initialisation 1.768410 1.768413 1.768414
Shortest path computation 998.5 420.8 73.7

Next, we verified attribute consistency in the two reduced graphs by comparing the attribute data we had access
to, namely speed limit, to that of the original graph. For this comparison, we summed the total length of all
road segments sharing the same speed limit and then compared their proportional distribution across the network.
Using the original network as ground truth, the numbers indicate that the curvature-aware reduction preserves both
structural and attribute properties more faithfully than the 2-degree reduction. The total edge length is almost
unchanged under the curvature-aware method (< 0.5%deviation), whereas the 2-degree reduction shortens the
network by about 5.5%, indicating a structural contraction of the network. Speed limit distributions are nearly
identical to the original for the curvature-aware graph, while the 2-degree reduction introduces small proportional
shifts and a stronger reduction in variance, suggesting a decrease in attribute heterogeneity. More intuitively, when
attribute heterogeneity decreases, extremes (very low or very high speeds) become relatively less represented.
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Overall, the curvature-aware approach preserves geometric and attribute resolution more closely, whereas the
2-degree reduction induces small, yet systematic simplification effects relative to the overall size of the network.

Table 2. Attribute consistency comparison.

Graphs Original | 2-degree reduction | Curvature-aware reduction

Total edge length (km) | 2244.19 2121.37 2234.05

0 Km/h 13.27% 12.57% 13.28%

30 Km/h 25.31% 24.70% 25.40%

50 Km/h 46.92% 48.05% 46.93%
70 Km/h 6.90% 7.07% 6.90%
90 Km/h 2.70% 2.47% 2.60%
110 Km/h 4.91% 5.14% 4.89%
Speed limit (avg) 37.39 35.86 33.67
Standard deviation 25.73 21.85 23.95

Beyond attribute consistency, we also considered geographical coherence, which seeks to quantify and assess the
‘drift’ introduced by network reductions. This aspect is particularly important in multidisciplinary projects or when
the intended audience includes non-technical stakeholders. If the visual representation of the environment deviates
too strongly from the real world, the intended message may be misinterpreted or not properly conveyed. With this in
mind, we compared the two reduced networks to the ground truth, i.e., the original network, to ensure consistency in
the spatial representation of the environment. By tracing each vertex of the original network to the nearest edge in
each reduced graph, we quantified the drift between them in meters. To examine its spatial distribution, we classified
the distances into five bands (0; 1-10; 11-50; 51-100; 5. > 100), which were then colour-coded. Accordingly, the
closer the distances are to 0, the more closely the reduced graph resembles the original road network. Conversely,
larger distances indicate greater deviations from the original network. The results of this analysis are shown in
Figure 3.

Table 3. Distance comparison between the Malmé city’s road network (points) and the reduced graphs (edges).

Graphs Curvature-aware reduction 2-degree reduction
Distance (in meters) | Amount of points | Percentage | Amount of points | Percentage
0 171940 79.92 89690 41.69
1-10 33010 15.34 87778 40.80
11-50 9206 4.28 32370 15.05
51-100 620 0.29 3762 1.75
> 100 354 0.16 1530 0.71
Total 215130 100 215130 100

We calculated the distance from edges in the original network to equivalent edges in the reduced graphs 3. For
the 2-degree reduction graph and the curvature-aware 2-degree reduction graph, the proportion of identical edges
is 41.7% and 79.9%. When including small gaps of 1-10 meters between otherwise similar edges, the similarity
increases to 80.5% for the standard 2-degree reduction and 95.3% for the curvature-aware reduction. Considering
larger distances, the 2-degree reduction has 15.05% of edges within 11-50 m, 1.75% within 51-100 m, and
0.71% exceeding 100 m, while the curvature-aware reduction has only 4.28%, 0.29%, and 0.16% of edges in the
same ranges, respectively. The maximum observed gaps are 583 m for the 2-degree reduction and 373 m for the
curvature-aware reduction, although distances above 100 m represent less than 1% of edges in both cases. Echoing
the result, from the visual inspection of Figure 2, the curvature-aware reduction preserves the original network’s
structural integrity better than the 2-degree reduction, with most edges either identical or only a few meters apart.
Deviations above 100 m are rare in both cases, indicating that both approaches maintain overall network coherence,
but the integrity of a few peripheral structures in the 2-degree reduction is compromised.

In conclusion, the results of the evaluation underscore a clear trade-off between computational gains and geographical
resolution. Reducing the original network to the curvature-aware graph and the standard 2-degree graph leads to
substantial reductions in runtime, particularly for the 2-degree network, which saves 924.8 seconds relative to the
original (998.5 s to 73.7 s), compared to a 577.7-second reduction for the curvature-aware network (to 420.8 s). In
terms of geographical coherence, the 2-degree reduction exhibits more drift from the original network, with only
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Figure 3. Differences between the reduced graphs and the Malmo city’s road network

41.7% of edges remaining identical (compared to 79.9% in the curvature-aware graph) and more frequent mid-range
deviations. However, these improvements come with differing structural consequences: the 2-degree reduction
contracts total network length by approximately 5.5%, while demonstrating some loss of peripheral geographical
structures, and reduces attribute heterogeneity, reflected in a lower standard deviation of speed limits (21.85 vs.
25.73 in the original). Overall, the curvature-aware approach achieves some computational gains while maintaining
high geometric and attribute consistency, whereas the standard 2-degree reduction maximises efficiency at the cost
of geographical resolution.

Grenoble Bastille: Evacuation of a cultural heritage site in case of forest fire

Figure 4. Bastille LIDAR Dataset

The Bastille project aims to study the evacuation of the local population and tourists in case of forest fire around the
cultural site of the Grenoble Bastille. The goal is to develop an agent-based simulator where people are represented
as agents moving around the Bastille environment. To model the environment, we first used the LiDAR (Light
Detection and Ranging) dataset provided by the French National Geographic Institute (IGN 2022). The dataset
consists of point clouds and provides environmental information such as elevation, vegetation type, roads, and
buildings (IGN 2022, p.13). However, the raw data cannot be used directly, as the point clouds are discontinuous
and agents cannot be simulated in such an environment. Furthermore, as illustrated in Fig. 4, LiDAR points are
extremely numerous and unevenly distributed throughout the environment. Consequently, the gaps need to be filled,
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Figure 5. Initialization time depending on cell size

and the SEs should be evenly distributed in the area to represent the whole surface. To do so, we decided to use
HoMer to create a grid representation. Merging all LIDAR data points into cells allows the aggregation of their
attributes within each cell. Increasing cell size allows the reduction of environmental complexity. Among LiDAR
dataset attributes, we can reduce the environment to two of them: elevation and class (buildings, vegetation level,
water, etc.). To merge LiDAR data points in a grid, a cell has the same class value as the most common aboveground
points covered by it, and the elevation is given by the mean value of all the ground points covered by that cell.

Evaluation

We simulated the environment on multiple cell sizes to compare computational complexity and data loss. By
reducing the number of cells, we reduced both computational complexity and data resolution. This section examines
the benefits and drawbacks of grids at different scales, with cell sizes ranging from 1 to 5 meters.

We compared the data complexity of different cell sizes by running a series of tests on the GAMA platform, which
will be used for the simulation. The tests consist of launching the simulation multiple times and checking the
time it takes to initialise the environment. The results of these experiments are presented in Fig. 5. This curve is
shaped like a reciprocal function, clearly decreasing from the initial values onwards. We compared classification
distributions for both original LiDAR data points and resulting grids. The results of this experiment are presented
in Fig.6. As we want to classify a cell from the aboveground elements composing it, the disappearance of many
ground points is expected.
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Figure 6. Classification comparison

The last step of our experiment is the evaluation of the spatial integrity of data. We choose to make our experiment
only on the building entities because it is the most relevant case among the other classifications. We compared our
results with previously validated data from the IGN topological database (BD Topo). This database includes a
dataset (topoDS) providing a highly accurate representation of all buildings in France. It is already widely adopted
and extensively used throughout the country. To achieve this, we calculated the Jaccard index. (Jaccard 1901),
computed as follows:

ANB

AUB M

J(A,B) =

Where: (A) is the LiDAR DS; and (B) is the topoDS.

This allows us to compare the differences in loss and gain between the topoDS and LiDAR datasets. The LiDAR
grid was created according to the following sizes: 1, 2, 3, 4, and 5 m. Instead of comparing datasets at the building
resolution, we decided to do so at the islet resolution because the latter is used for an agent-based simulation,
enabling us to apply a larger scale. We used a set theory formula, the Jaccard index

The result is a number between 0 (completely different shapes) and 1 (perfectly similar shapes in the two datasets).
This index enables us to quickly compare each LiDAR grid size and assess the robustness of the dataset used.

The curves in figure 7 show the repartition of the buildings’ islet over Jaccard’s index. A building islet is the result
of a merging of adjacent and grouped buildings. As expected, there are no, or almost no, buildings above 0.9 on
the Jaccard index, as the LiDAR grid delimitation never fits topoDS buildings’ shapes exactly. We can also notice
that the curve shifts to the left when cell grid lengths rise, meaning that smaller grids are more accurate. We also
computed the mean Jaccard index across all LiDAR datasets and weighted it by surface area. The resulting weighted
mean is substantially higher, indicating that HoMer methodology performs more effectively for large surface areas.
This finding further suggests that the most significant inaccuracies are primarily associated with small buildings,
which account for only a limited proportion of the total surface area.

Here we have a visual representation of shape distortion in Fig. 8 between the building islet and the original building
from the topoDS. In the zoomed sector of the Bastille, three scenarios are represented following the LiDAR grids of
1, 2, and 5 m in length. The darker the colour of the building islet, the higher the score of Jaccard’s index is. So, it
means that its shape is closely similar to the original buildings. Then, the scenarios with a LiDAR grid of 1 m and 2
m length are closer to the reality and are fully satisfactory for our study case.
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Table 4. Jaccard mean values

cell size 1m 2m 3m 4m S5m
Jaccard mean | 0.63 | 0.55 | 0.49 | 0.44 | 041
weighted mean | 0.77 | 0.71 | 0.65 | 0.58 | 0.51

We manually examined many of the extreme errors and found that they are largely due to differences in data-collecting
methods between LiDAR and TopoDS rather than the merging procedure. For instance, some buildings in the
LiDAR dataset are hidden by forest trees, leading to cells being falsely classified as high vegetation. Regarding
all of the experiments, we conclude that it is necessary to increase cell size over 1 m to reduce computation time;
even reducing resolution from 1 m to 2 m has a great impact on this aspect Fig.5. As it shows in Fig.6, attribute
experiments do not show a shifting difference in attribute distribution on the map. The reduction of ground is
induced by the merging method. Geographical studies show that the shape of buildings deteriorates at every cell size
increase Fig.7. Regarding all those observations, the 2 m length grid is the best compromise between complexity
and accuracy for our case study.

CONCLUSION

In this paper, we have proposed the original method of HoMer to adapt geographic data for ABSS. It is composed
of a simple three-point framework: 1) attribute reduction, 2) merging in LHSE, and 3) evaluation. The method is
purposefully flexible, guided by the LHSE principle, to strike a balance between resolution and scale in environments
that afford agent-environment interactions. On the one hand, the strength of the method, as demonstrated by the two
disaster management cases using different types of data structures, including graph and grid-based representations,
is that it is sufficiently flexible to be applied across diverse environment types. On the other hand, a potential
drawback of this flexibility is that, although identifying the LHSE can guide reduction without losing relevant
information, multiple approaches often remain viable once the LHSE has been identified. However, by repeating
the last two steps with different merging methods, it is possible to find out the ABSS resolution acceptable for
a project. This acceptability can be defined by the balance between running time and dataset resolution. Due
to the flexibility of the LHSE principle, we expect that it can be further generalised to other cases and types of
environments. We will have to conduct this methodology on further projects in order to verify if it is applicable
and useful in other contexts. In addition to those upcoming experiments, we want to test other graph reduction
algorithms for Malmo to check if it is possible to find a better representation. Another important direction for future
work is to conduct simulations using a range of simplification methods in order to examine their effects on perceived
realism as well as on decision-making outcomes. Finally, in the Bastille case, we did not do an experiment on the
shortest path algorithm. As we have already seen in the Malmo case, the shortest path algorithm is more sensitive to
environmental complexity than initialisation. A similar behaviour can reasonably be expected in the context of the
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Bastille experiment. However, this aspect requires further investigation in order to conduct a dedicated experiment
and accurately assess the respective gains and losses associated with each dataset.
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