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This study aims to create a simulation model for urban growth with agent-based
modeling. The model is based on the theoretical research of Michael Batty on
urban growth simulations. The study explains how the theoretical approach
applied in the model with the parameters. The model in this study is created in an
open-source API called 'Processing' and the simulations executed through the
parameters in the study. The results of the simulation are compared with each
other to find optimal parameters fits in the theoretical approach. Parameters are
tested on an existing urban settlement map, which Is Istanbul. The results of
Istanbul simulation are compared with existing density and urban sprawl maps of
Istanbul and discussed for further studies.
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INTRODUCTION
Cities have become one of the major ﬁelds to be examined and studied in the 20th century. The population increase and migration to urban areas from rural parts have triggered an enormous urban growth.
This rapid growth of urban development showed
that urban design theories are not capable of explaining the dynamics of cities. The developments of cities
were being planned as they were simple and stable
forms of a city. The dynamic relations of cities have
not been perceived as a complex system as it is (Batty
1994).
The complexity of cities brought up to the surface in 60's by Jane Jacobs in her book 'The Death and
Life of Great American Cities' (Jacobs 1961). However,
by that time the complexity of the city was not a computational design subject, Jacobs implemented that
cities have an entwined structures of relations. At the

beginning of 70's, cities started to be seen as complex systems and the developments in computer sciences showed that the complex systems in many science ﬁelds, from biology to physics, can be modeled
through digital computers. Furthermore, cities have
become a research subject for computational models.
This study aims to create a model that simulates
the complexity of an urban growth regarding the dynamics of a city. The model produced in this study
is based upon the theoretical structure of Michael
Batty's research explained in his book 'Cities and
Complexity'. Therefore, design based mathematical
algorithms applied in this research are referred to
Batty's theoretical research.

CITY MODELING | Urban Planning Approach - Volume 2 - eCAADe 34 | 41

COMPUTATIONAL MODEL
Computational methods for urban growth have been
researched in this study. Social relations we encounter in a daily life can be a small example of interaction, but scaling these interactions up to a city and
inspecting these interactions at urban scale has enormous numbers of inputs to calculate. The computational method called Agent-Based Modeling (ABM)
is what enabled researchers to model highly complicated interactions in urban scale by utilizing computers. ABM changed the way computers can model
complex systems (Gilbert 2008). The development
of 'Object-Based Modeling' method started with Cellular Automata (CA) (Batty 2005). CA brought up a
modeling method that works as a bottom-up system.
The method focused on interactions of the individuals with their neighbors and the patterns they form
by these interactions. The model used in this study is
based upon these interactions of 'agents' with themselves and the environment they have been modeled. As Batty argues that cities do not have hierarchical structures, but network structures. So, ABM is
the method which Batty ﬁnds most suitable to model
cities.
Batty deﬁnes the urban growth model with ﬁve
drivers; Randomness, historical accidents, physical
determinism, natural advantage and comparative
advantage (Batty 2005). The ﬁrst of the drivers, randomness, as Batty points out, which creates heterogeneous urban forms by a variety of entities within
itself to avoid a homogeneous form. As DeLanda
agrees, to simulate an urban model, it needs to compute the decision making, where he deﬁnes an artiﬁcial intelligence model inherited to the model. However, it is almost impossible to create thousands of individuals with artiﬁcial intelligence (DeLanda 2009).
So, a value of randomness in the system may help to
simplify the decision making into heterogeneity.
The second driver is the historical accidents,
which are the critical decisions made in history that
inﬂuenced the city's location of initial settlement.
Therefore, in the model, it is the driver which has no
eﬀect due to the input's ambiguity. The third driver,

physical determinism, is the parameter which we declare the use of land. Physical determinism is the
mechanism where we are deﬁning which land cells
are developable for urban growth according to the
capabilities of the land's properties in the model. The
fourth driver, natural advantages, is the parameter
compares the resources at locations and attainability to these resources by individuals. Batty deﬁnes
this driver as the resources that land provides. The
last one, comparative advantages, is the driver which
is deﬁned as the measurement of the diﬀerences between the locational resources like services, facilities
and accessibility to these features.

Model's Setup
The model in this study aims to create a simulation
based upon the interactions of individual entities like
'agents' and 'land cells'. This bottom-up approach is
the key aspect how Batty deﬁnes the urban growth
models in his research. The model is utilized in "Processing", an open source application processing interface(API). The abstract mathematical fundamentals of the model researched by Batty have been programmed in Java (a programming language used by
Processing.)
Therefore, the simulation is executed on a
200x200 2D cellular grid, where every land cell has locational information and properties. The canvas contains information for geographical properties and locational information for the agents. In the model,
resolution of the canvas is limited with 200x200 grid.
However, the agents' movements are not limited to
the land resolution. Agents move on the canvas
within a higher resolution.
The elements of the model are shown in Figure
1, where agents and land cells interact with each
other to create a bottom-up feedback mechanism.
The land cells contain the information about whether
they are developable or not, and if any trail has been
left by an agent, trail contains the location of the resource cell. The trail only contains the information of
a resource cell left by the agent, which found a resource, passed through. Agents start to leave trails as
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Figure 1
Elements of the
model.

the information for the location of resource cell they
ﬁnd. Land cells, besides the information, have states;
it can be a land with a potential value, a resource cell
or an agent can be attended to the cell as its home
location. In Figure 2, it is shown how new entities are
adding up to the simulation at every iteration. At every iteration, one new resource and three agents are
being added to the simulation.
Figure 2
Population and
Resource Cell
mechanism.

sources and the new populations of the model will
be spawned at the locations with the highest potentials, where the potential is computed with the
amount of interactions of agents at certain locations,
or cells, and with an additional amount of random
potentials. The random potential value added to the
land cells are the simpliﬁcation of natural advantages
cells have. These behaviors also will help the simulation grow gradually according to the smallest interactions in the model.

Model's Parameters

The growth of the model depends on the interactions of individuals and agents, in time. The new re-

The model's mechanism depends on the interactions
of agents (individuals) and where they interact with
each other the most. Therefore, the model also creates a positive feedback eﬀect on the most interactive parts of the canvas. However, the model still
needs initial parameters to start the simulation. Initial population of agents (POP), initial number of resource (RES) land cells and the amount of resource
each resource cell has (FEED) are the initial parameters of the model.
This model creates a positive feedback mechanism that evaluates the urban growth gradually and
heterogeneously in time. Moreover, the heterogeneity is deﬁned in the smallest scale of the model with
the interaction of agents in local neighborhoods,
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while these actions create diﬀerent clusters of populations, as cities, in the growth of disparate scales.
Clusters emerging through time in diﬀerent scales
are deriving comparativeness between the clusters.
Every cluster forms by the local interactions of individuals on locations.
In Figure 3, from (a) to (e), we may observe the
gradual growth on the canvas. In Figure 3(a), It is
the initial setup of the simulation and where there
are only white points. These white points are the initial resource cells. Following in Figure 3(b), there are
green, and magenta points are adding up to the simulation, where magenta colored cells are the land cell
appointed to agents as their home and green colored cells are the potential values of the land cells.
In Figure 3 the iterations of the simulations through
time can be seen, but it is important to see the layers
of the model separately. Here in Figure 3, it shows
the overlay of values on cells which are potential values, resource cells, trails and homes of agents. In Figure 4 only the potential values of the land cells are
shown. When we compare this with Figure 5, where
only the trails and homes of agents shown, the trails
and homes of agents start to overlap at near dense
clusters.
In Figure 6, diﬀerent from Figure 4 and 5, only resource cells are shown. Here, we may see that only
the centers of clusters become resourceful. The reason of this density is the amount of interactions in the
centers of clusters. Therefore, it emerges with the effect of individuals, agents, in the model. One parameter that examined in the model is durations of the resources, Shown in Figure 7. This parameter questions
the debate Batty mentions. Batty states that even the
initial resources are located randomly, the city develops by the interactions and the locations where interactions are the most (Batty 2005). So, by changing the value for the amount of resources in each resource cell, it is possible to examine if the resource
cells aﬀect the structure of the model. In Figure 7, the
amount of resource in a resource cell (RES) increases
from Figure 7(a) to Figure 7(d). The increase is shown
in Figure 7, also shows that the number of clusters in-

creases as RES parameter increases, which points out
that the clusters start to emerge not by the interactions but the resource cells' initial locations.
It is important to conclude this, as the amount
of resources in resource cells increase, their life span
increases as well, so the initial setup deﬁnes how
the simulation evaluates. If RES parameter increases,
the emergent patterns formed by the simulation are
becoming depended on the resources at the initial
setup, but not the interactions of the agents.
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Figure 3
Iterations of the
model.

Figure 4
Iterations of the
potential values of
land cells.

Figure 5
Iterations of the
Trails and Homes of
agents.

Figure 6
Iterations of
resource land cells.

Figure 7
Comparison of the
amount of resource
each resource cell
has.

Figure 8
District centers map
(Hartmann
2010)[1](a),
Adjusted map
image (b).

CASE STUDY: ISTANBUL
The parameters discussed here were tested to ﬁnd
the right set of parameters to simulate the model on
the map of Istanbul. Istanbul is highly dense urban
settlement, due to its topography and its polycentric
structure. The city is separated by sea and connected

by two bridges between two continents. Although
Istanbul has many topographical properties, due to
the parameters we discuss in this study, the model
applied on Istanbul map only considers the availability of land for development.
At Figure 7, there are two map images, where Figure
8 (a) is the map of Istanbul's district centers (Hartmann 2010)[1], and Figure 8 (b) re-mapped image,
which adjusted to be recognized by the software,
which reads the colors and assigns land uses at the
initial setup of the simulation. White colored areas
are developable lands, blue colored areas are seas
and lakes, as undevelopable lands, and black dots
are the district municipalities of Istanbul, where resource cells are located. However, in the beginning,
the model do not run the function to read the black
dots to locate the resource cells on the map image,
the model assigns resource cells on the landscape at
random locations. These two diﬀerent approaches to
locate resource cells provide whether if the location
of initial resources aﬀect the emergent patterns that
simulation creates.
At Figure 9, there are four simulations ran through same parameters, which
RES10/FEED10/POP3000, at 3000 iterations. We can
see some similarities over these four simulations,
where all the resources located randomly at the initial setup. These similarities, besides their emergent
structures, have the potential to produce results. As
shown in Figure 10, these four simulations are superposed over each other to take a closer look what
are the similarities between simulations with same
parameters. It can be seen that few areas have an
intense development on canvas, where simulation
ran. We will not consider every developed cluster in
these four simulations, but multiply the overlapping
developments to get an averaged result.
Even though, the developments over each canvas
speciﬁcally do not match each other, the fact that
these simulations do not acquire any speciﬁc data of
where the initial locations for resources are. So, we
have to consider them as emergent systems with exactly same parameters.
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ferent locations of initial resources and exactly at the
same locations for initial resource locations have similar emergent behaviors. This similarity fortiﬁes the
idea of emergent clustering through the potentials
created by the interactions of the agents and creates
similar results even the initial resources given or not.
Furthermore, the main diﬀerence in these simulations than the simulations in Section 2.3 is the
development restrictions on the canvas. The physical determinism has a massive impact on the simulations for development clusters. Although, the development restrictions only stated as 'developable' and
'undevelopable', the diﬀerence is immense.
In order to draw a conclusion, it is needed to
compare and observe the similarities with the real
information gathered and the results of the simulations. Therefore, the population density map of Istanbul, shown in Figure 13, and the superposed results of simulations, in Figure 12, show the clustering of both maps have similarities. Even though the
simulations are primitive to compare results with the
real information, the simulation created and emergent structure based on the interaction of individual
entities for development. Neither the same initial resource locations nor randomized initial resource locations created a massive change, but the locational
properties changed the way agents interact and how
agents initiate the development with the environmental information. In Figure 14, the historical development of urban areas in Istanbul shows gradual
sprawl of the urban areas from darker to lighter, as
old settlements to newer sprawl. As shown in Figures 12,13&14, the urban sprawl of Istanbul also have
same similarities with the outcomes of simulations.
Furthermore, in Figure 11, it is shown that the same
simulations ran through the same parameters as Figure 9 but, this time not only the parameters kept
same, but also the locations for initial resources given
to the simulation are same as well. In Figure 11, it
is possible to see almost the same kind of clustering as in Figure 9. Therefore in Figure 12, the simulations that ran through the same parameters with dif-

CONCLUSION
Cities have become a research subject of social sciences in the 20th century by the reasons of migration to urban trajectories. Therefore, the urban design theories have become insuﬃcient to provide an
understanding of cities and how they are designed.
The methods used to model the complex systems in
other ﬁelds of sciences, particle physics, biology and
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Figure 9
Simulations with
random resources
at iteration 3000
with same
parameters
RES10/FEED10/POP300.

Figure 10
Simulations
superposed over
each other with
random resources
at iteration 3000
with same
parameters
RES10/FEED10/POP300.

Figure 11
Simulations with
resources located
on district centers
at iteration 3000
with same
parameters
RES10/FEED10/POP300.

Figure 12
(left) Simulations
superposed over
each other with
random resources
at iteration 3000
with same
parameters
RES10/FEED10/POP3000.
(right) Simulations
superposed over
each other with
locations of
resources deﬁned
by district centers
of Istanbul at
iteration 3000 with
same parameters
RES10/FEED10/POP3000.

many other, have been implemented in urban design to research for a better understanding of cities
and how they behave or sprawl. The study focuses
on computational tools and methods to investigate
and to understand the complexity of cities and urban sprawl, while making a case study on a comparison between a current situation and a simulation outcome of a computational model.
The case study was building an urban sprawl
simulation with emergent properties to create complex outcomes with simple behaviors. The algorithm
is built upon the methods and theory of Batty's research on Agent-Based Modeling for urban sprawls.
The computational theory and methods are translated into an algorithm on Processing and simula-

tions ran on Processing, which is an open-source API
uses Java.
The aim of the simulation is to create emergent
patterns and developments by the complexity of interacting agents, which have basic behaviors. The
complexity, which created from simple individuals interacting together and how they behave, is the research's main subject. Furthermore, the research focuses on the development created by the interactions of individuals to avoid any inﬂuence of initial
conditions at the beginning of simulations.
The case study is separated into 2 phases; the ﬁrst
phase is testing the algorithm to ﬁnd suitable parameters to simulate, and the second phase is the application of the simulation over a city, which is Istanbul in this case. The ﬁrst phase investigated the
parameters and cross-referenced over each other to
ﬁnd a parameter combination, which creates emergent clusters of development apart from the initial
givens. Moreover, the patterns emerged from the
simulations evaluated by the structures of clusters,
which have polycentric structures, thus not sprawled
over all canvas.
The second phase of the case study investigated
the possible similarities between the real information
and maps gathered from Istanbul and the results of
simulations with the information that restricts the developable areas of Istanbul. Although, the second
phase has two diﬀerent situations diﬀering the initial
locations of resources, one with the random locations
for initial resources of simulation and the other one
locates the resources according to the district centers of Istanbul at the current time. In this study, the
emergent patterns independent from the initial resources, these two situations are compared with each
other. The results of these situations came out to
have lots of similarities. Moreover, the simulations
created clusters similar to the information maps of Istanbul. Thus, there are many similarities, the simulation model is built upon three main parameters and a
two parameters of land use. As a result, observing the
similarities in structures of complexity with a real city
by just ﬁve diﬀerent parameters shows the potential
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of the model for further studies with more complex
algorithms and results.
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Figure 13
Istanbul density
map (Danış et al.
2009).

Figure 14
Urban sprawl map
of Istanbul (Guvenc
& E. Unlu-Yucesoy
2009)[2].

