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Abstract- In this study, Munster town, located in the 
east of France is modeled in a multi-agent system and 
the urban growth has been studied in the referred 
year 2002 from the initial state 1979. For studying 
the urban growth, aerial photos and geographical 
data have been exploited as the primary materials to 
make the model in two different time sections.1 
The verisimilitude of simulation and real growth has 
been tested by observation and statistical 
comparison. 
With controlling some agents, the variety of states is 
modeled for the year 2025. 
By measuring the forces that feed the growth and the 
natural and artificial obstacles that limit it, this 
simulation provides the urban planners and deciders 
with some tool for controlling the process. The 
different modes of simulation can help to define 
strategies for future. 
Keywords: Multi agent system, Cellular Automata, 
urban growth, complex system. 
 
 
  

1. Introduction 
The urban growth has been one of the major items for 
urban planners and geographers. In recent years, 
urban modeling showed the attempt to shift from 
"classic" models to "evolutionary" models (as 
evolutionism appeared to be the symbol of complex 
systems). 2  

• Cellular automata, as a tool for urban 
modelling, are gaining a big popularity, 

because they imply inputs and outputs in a 
qualitative and cartographic form, which is, 
for urban planners, more usual than 
numerical representations. In addition, this 
different form of representation allows an 
easy interface with GIS, which show an 
increasing diffusion; 

• The working mechanism of cellular 
automata is relatively simple, because it 
consists mainly in the transition rules 
between one state and another of a cell, 
which depend on the state of the cell itself 
and of its neighbouring (appropriately 
defined). This simplicity makes operatively 
easier the connection with the "learning 
system".3 

These models are criticized for that instead of 
showing the complexity which is resulted by 
activating several factors simultaneously, the 
introduction of new ingredients into the simulation 
soup may have unpredictable and unforeseen 
consequences for the flavor of the resulting model. 4 
Nonetheless the configuration of the factors, giving 
weight to them, and combining several factors with 
their personal weights, make the models good 
toolboxes that can take into consideration the results 
of increases and decreases in the number of factors 
and their weights. 
It is possible to change some of the factors that have 
impact on the speed, orientation and magnitude of 
growth, and by this, the changes in horizontal growth 
in borders of city or vertical growth in varied parts of 
city is resulted. 
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This work is realized on Munster town, located in the 
middle of regional natural park Ballons des Vosges. 
A MAS (Multi Agent System) model is applied in 
this little mountain town where the heterogeneous 
space constrains it. Munster town is surrounded by 
mountains that impede the easy construction and the 
regulations do not let the construction on the slopes. 
However there has been a destroy of 3% of urban and 
10% of Natural park environment as the result of 
construction. 
In this study, the dynamic aspects of urban growth are 
analyzed, understood and anticipated and therefore a 
simple and powerful tool for controlling the 
urbanization policies in a space constrained by nature 
(slope, forest, biotope, humid zones, infrastructure, 
...) and human activities (agriculture, tourism, ...) is 
Prepared. 
 

2. The model 
 
     2.1 Making model 
From different sources like maps and administrative 
documents, aerial photographies (IGN, Institut 
Géographique National), Orthophotographic 
database, and topography database (IGN) the data are 
issued. The geometry is extracted from town data and 
geometric data (punctual and surficial). 
Totally 15 different files of data are combined to 
construct the model. 
With Arcgis9.1 software which works on the digital 
model of terrain and create and analyze the grids, the 
data are treated to adapt to matrices (177, 97). The 
codes are written in the open source software 

“Netlogo” which is a 3D world. This tool lets to 
create a regular mesh of (25m) square and transfer the 
values from the entities of one layer. The pixels are 
all the same size and can’t simulate the multipixel 
buildings (factories, supermarkets…) 
 

2.2 Multi agent system 
A multi-agent system (MAS) is the set of agents 
situated in a certain environment and interact 
according to a certain organization. 
What is simulated is the Munster town, but the space 
goes more than the town limits. The environment is 
discretized in 25 meters (x,y) and 10 meters (z) units. 

The first inputs of the town in 1979 were manually 
reconstituted by degrading 2002, because there was 
lack of precise information. The non-constructible 
zones (cemetery, stadium, humid zones, and biotope) 
were delimited in 2002. 

The system is based on different factors which 
permits or not the construction in the town. 
 
The adjustable parameters are: 
The duration of simulation (0-50 years) 
Number of buildings to be constructed in simulation 
period (0-1000) 
Maximum permitted slope (0-30°) 
Number of construction permitted by pixels (1-6) 
Empty pixels around the constructions (1-16) 
Construction in the center of town (yes/no) 
Construction in the forest (yes/no) 

 
 
 
 
 
 



 

Fig.1 Munster town 
1979 

 

Fig.2 Munster town 
Evolution 

 

Fig.3 Munster town 
2002 

1979-2002 simulation 



 

 

 
Simulation period 23 neighbors 3 Simulation period 23 neighbors 1 
Building wanted 394 Construction in center no Building wanted 394 Construction in center yes 
slope 5° Construction in forest no slope 5° Construction in forest no 
densification 5 [F1=0.443 F2=0.678] densification 6 [F1=-0.025 F2=0.639] 

Fig.4 Building densification 1 periphery  Fig.5 Building densification 1 Maximal 
 

 

 

 
Simulation period 23 neighbors 8 Simulation period 23 neighbors 16 
Building wanted 394 Construction in center no Building wanted 394 Construction in center no 
slope 12° Construction in forest no slope 30° Construction in forest yes 
densification 2 [F1=0.690 F2=0.714] densification 1 [F1=0.780 F2=0.731] 

Fig.6 Building dispersion 1  Fig.7 Building dispersion 2 

 

 

 

 
Simulation period 23 neighbors 8 Simulation period 23 neighbors 8 
Building wanted 394 Construction in center no Building wanted 394 Construction in center no 
slope 30° Construction in forest no slope 30° Construction in forest yes 
densification 2 [F1=0.726 F2=0.720] densification 2 [F1=0.777 F2=0.732] 

Fig.8 Construction on the slopes  Fig.9 Construction on the slopes and in the forest 

 

 



       2.3 The validation and the test 

For measuring the quality and the verisimilitude of 
simulation, some tool should be applied for 
comparing the results of simulation with observation. 
For this aim, two approaches were applied to compare 
the two real and simulated states. “Classic Statistical” 
and “spatial analyze” approach.  

In statistic approach, the quality of simulation is 
measured by comparing the exact data. 

Reference Year: 2002→Matrix [𝐴2002] . 

Simulation results →Matrix [𝐵𝑠𝑖𝑚] . 

The data are all in matrix form (177, 97). 

The comparison is made by considering two criteria: 

The quadratic mean error criteria∶ 
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And absolute criteria: 
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These two criteria vary from [−∞, 1] ; The more they 
are close to 1, the more the two distribution are 
similar. One negative value indicates that the model 
best explain spatialised constant value. 

Three evolution scenarios were used (densification, 
dispersion, urbanization of slopes), everyone with 
two intensities. The application of these schemas in 
the period 1979-2002 showed that development of 
Munster is close to “densification 2” 

Prevision: The model was used in the period 2002-
2025 with the same schema of evolution. 

The second approach can be applied a little more 
empiric, it consists the construction of indices and 
comparing the two. It is done in 3 spatial scales: the 
landscape, the building type, the pixels. 
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2002-2025 simulation  

 

 

 
Simulation period 23 neighbors 3 Simulation period 23 neighbors 1 
Building wanted 394 Construction in center no Building wanted 394 Construction in center yes 
slope 5° Construction in forest no slope 5° Construction in forest no 
densification 5 [F1=0.479 F2=0.724] densification 6 [F1=0.145 F2=0.701] 

Fig.10 Building densification 1 periphery  Fig.11 Building densification 2 periphery 

 

 

 

 
Simulation period 23 neighbors 8 Simulation period 23 neighbors 16 
Building wanted 394 Construction in center no Building wanted 394 Construction in center no 
slope 12° Construction in forest no slope 30° Construction in forest yes 
densification 2 [F1=0.705 F2=0.750] densification 1 [F1=0.793 F2=0.764] 

Fig.12 Building dispersion 1  Fig.13 Building dispersion 2 

 

 

 

 
Simulation period 23 neighbors 8 Simulation period 23 neighbors 8 
Building wanted 394 Construction in center no Building wanted 394 Construction in center no 
slope 30° Construction in forest no slope 30° Construction in forest yes 
densification 2 [F1=0.752 F2=0.759] densification 2 [F1=0.786 F2=0.764] 

Fig.14 Construction on the slopes  Fig.15 Construction on the slopes and in the forest 

 
 



3. Conclusion 
 

This study has realized a temporal and spatial 
modelization. The support of the study is the 
evolution of urbanization in Munster at the center of 
PNRBV (Parc Naturel Regional des Ballons des 
Vosges).  

The model is developed by discretized simulation in 
space and in time. The model in 2D and 3D version 
can describe the urban sprawl and densification, 
based on application of simple anthropic and natural 
factors.  

The original data are: the topography (x,y,z, slope, 
orientation), the plant (forest, prairie), the building (5 
types), and the non constructible zones (4 types). The 
reference year is 2002. The year 1979 was manually 
reconstructed from maps and orthophotos. 

Six factors permit the hypothesis construction on 
urban evolution: Duration of simulation, number of 
houses, density of buildings, contiguity of 
neighborhood, construction in the forest and/or in the 
center of town. 

In future, some other tests will compare the 
simulation and actual state, some other factors like 
the distance from the city center and the impact of 
neighbor cells on the referred cell will be taken to 
account. As the center of city has played an important 
role in urban growth5, and on the other hand by 
changing the transportation facility and the ease of 
access to the central parts6, and because of the 
emergence of new centers in cities7, the distance from 
the center and the impact of neighbor cells will be the 
aim of future study to make the models more 
dynamic. 
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