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Abstract. This work studies the modeling Socio-Spatial Segregation.
This phenomenon occurs, most often, unintentionally in some cities, es-
pecially in large population centers. Multi-agent simulation is adopted
using the NetLogo software. From an existing template available in the
models library, we developed some examples with variations for the basic
case of social classes’ segregation.

1 Introduction

The segregation is the act of separates or isolates a certain group of individuals.
The spatial expression of segregation is the “natural area”, defined by Zorbaugh
as a geographical area characterized by physical and cultural individuality, re-
sulting from the impersonal process of competition that would generate spaces
of domination from the different social groups, replicating to the city-level the
process which occur in the vegetable world [1].

Some of the most noticeable kinds of segregation are the urban segregation,
also known as the segregation of different ethnic-cultural groups and/or different
economic groups (upper, middle and low class) and the segregation of nationa-
lities, which is often directly related to the concept of xenophobia, exercised by
groups that discriminate against others because of their nationality.

An instance of the segregation of nationalities is the separation of Latinos
(Cubans, Puerto Ricans, Mexicans, etc.) and Americans that occurs in seve-
ral districts of U.S. cities. Certain neighborhoods of these places are occupied,
almost exclusively, by people of a certain nationality or descent, creating a type
of segregation present in different locations around the world.

Another widely known type of segregation is the racial segregation, which
was adopted by the Apartheid regime in South Africa. In this regime, which
occured between 1948 and 1994, the population was classified into four distinct
nations: whites, blacks, mestizos and indians. The government, composed by the
white minority, held the power and elaborated laws that increasingly suppressed
the right to freedom of other “nations”. Among the principal laws that prevailed
during this regime, one can highlight the Reservation of Separate Amenities Act,
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which specified public places to be frequented by people from specific races, thus
characterizing a multiple segregation, not only ethnic, but also spatial [2] [3].

The segregation of social classes is emphasized here. One of the most striking
features of many Brazilian cities is the spatial segregation of social classes in
distinct areas [4]. This type of segregation brings numerous problems to the cities.
The first is, obviously, the inequality itself. Poorest layers of population, with
fewer resources, are precisely those that spend more on daily commute, which
have more health problems due to lack of infrastructure, which are penalized by
schools of poor quality, and so on. The segregation itself is not only a reflection
of social status, but a factor which contributes on making the differences increase
over time. This specific kind of urban segregation can be divided into “voluntary
segregation” and “involuntary segregation” [5]. The voluntary segregation refers
to what the individual or a social class of individuals seeks, by own initiative,
to be located close to other people of the same social class. On the other hand,
the involuntary segregation corresponds to that where the people are segregate
against their will, for lack of choice. Other work in this area may stand, for
example [6] and [7].

This paper aims to address the problem of voluntary and involuntary segre-
gation applied to social classes on urban areas, through the processes of social
simulation. The aim of the paper is to simulate the population of a metropo-
lis and the processes of segregation of social classes through a modeling based
on multi-agent systems. In the development of this project, we used the soft-
ware Netlogo [8] for the development of this project, for the simulation of so-
ciety. The elements of this software, applied to the problem, will be the turtles
(agents), symbolizing the people, and the patches (environment), symbolizing
the metropolis. Moreover, the agents will be composed of individual behavior
rules that will define their actions in the model.

The motivation of the development of this work is modeling of the question
of social-spatial segregation in the metropolis and the analysis of the different
views around the same problem with the construction of four examples made
by different people. The main goal is expand the model of segregation based
on the ideas of Schelling through the addition of new rules of behavior in the
model as the economic restriction of the individuals and separation of the city in
three distinct areas, besides the needed of living together with its peers already
included in the original model.

2 Segregation Model in Netlogo Tool

Thomas Schelling developed, late in the 70s, a model of racial segregation which
was based on his observations of American neighborhoods, where in some cases,
about 75% of the population was of the same race. These classes were isolated
from each other due to racism. However, Schelling had no suspicion that this
segregation was achieved from the interaction between individuals, which decided
to stay closer to their peers by choice and not because they are excluded from
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elsewhere [9]. Some segregation may come from practices of organizations, but
it also may result from individual choices related to discrimination.

This separation may also occur due to the specialized communication sys-
tems, such as different languages. In addition, some segregation is the corollary
of other forms of segregation: the location of the residence is correlated with the
location of work and transport [10].

The model of segregation available in the NetLogo tool is based on the ideas
of Schelling. Two classes of individuals (green and red) get along well with each
other, but for an individual to be happy, it wants to make sure it lives close to
some of its peers [11].

The simulation shows the formation of groups of individuals with the same
color. Size of groups formed varies with the percentage of neighbors that an
individual needs to be happy. Figure 1 shows screens simulation of the environ-
ment. In (a), the environment is initialized with randomly placed agents. In (b),
a percentage of simulation completed with at least neighbors 30% needed for the
agent to be happy. In (c) and (d), the percentage is 50% and 70%, respectively.

(a) Environment initialized (b) Segregation with 30% of
similarity

(c) Segregation with 50% of
similarity

(d) Segregation with 70% of
similarity

Fig. 1. “Segregation” Model in the NetLogo software.

In our model, besides the restriction of similarity presented in the Segregation
model based on the ideas of Schelling, we introduce a second restriction related
to the localization of the agents in the city. The environment is divided into
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three regions with different economics situations. In each region, only agents
with a minimal income can remain. So, the Socio-Spatial Segregation model
presents two rules of behavior that will determine the happiness of each agent:
the proximity of its peers and the financial capacity to stay in a certain place.

In this paper, were developed four examples to the problem of social classes
segregation. Each example was built by a different pair of authors, showing
the distinct approaches that can be applied to the same problem. The next
section shows the modifications in the model, which is considered the region’s
environment which can be populated by agents with certain ranges of income
outside of their neighborhood. At the end of the paper, the results are compared,
presenting the specifications of each example constructed.

3 Social Class Segregation

This work shows the application of a behavioral model for distribution of agents
in a given space, as a representation of a housing model, assuming certain rules
through a socio-economic simulation.

In many cities, we notice the tendency of social organization of the territory
to express ethnic differences, racial and socio-economic, raising the number of
neighborhood units that combine households with particular characteristics [12].

The following sections show examples which implemented variations in the
original social class segregation model.

3.1 Example 1

The behavior of each individual of this population is controlled by two basic
rules, based on the similarity of neighbors and economic restrictions in the region.
When both rules are attained, the individual chooses to stay at the same location.
Otherwise the individual moves, seeking a new location. From this local behavior
of each individual, the problem consists in verifying and analyzing the emergence
or not of a global phenomenon.

The Model of Segregation of Social Classes, shown in Fig. 2, consists in
modeling the urban space and the individuals in this environment in order to
simulate the processes of social segregation occurred in metropolitan areas. The
model studies the behavior of individuals from three social classes, represented
by agents (turtles), in an environment divided into three regions with economic
constraints. In the agents, each color represents a specific type of social class:
the white agents belong to the upper income class, the black agents belong to
the middle class and the red agents belong to the lower class. In addition, each
turtle has an income in the range corresponding to its social class.

The environment has 2500 patches (50 x 50) and is divided into ranges of
gray scale, as shown in Fig. 3. The downtown region has 100 patches and is
delimited by a darker gray, while the neighborhood region has 800 patches and
is identify by an intermediate gray scale. Finally, the region of the periphery
has 1600 patches and is represented by light gray. The interface of the model
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Fig. 2. Segregation Model’s interface of social classes.

presents two buttons whose values can be modified by the user: “population” and
“%-desired-similarity”. The first button determines the number of the agents in
the environment (up to 2000) distributed as follows: 4% rich, 32% middle and
64% poor. The second button marks the percent of peers that each agent needs
to remain in a certain place.

In each part of the city, there is a minimum income rule which restricts
establishment of the turtle. In the downtown, only agents with income equal to
or greater than five thousand “money” may be installed. In the neighborhoods,
only agents with an income equal to or greater than one thousand “money” may
remain. Any turtle can stay in the suburbs, regardless of the income.

Fig. 3. Representation of social class (color agents) and urban area (gray scale).

There is a restriction which obligates agents to stay close to a minimum per-
centage of peers around. The simulation shows how these individuals’ preferences
and environmental constraints lead to the emergence of a global phenomenon in
a social system.

Initially, white, black and red agents are randomly distributed in the envi-
ronment, where most of agents are unhappy because they do not have similar
neighbors (same social class) sufficient and/or does not have enough income to
remain in their actual place. Thus, the unhappy agents jump into new regions
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in the neighborhood, altering the balance of the local, making other agents to
leave the region as well.

In this example, the agents’ behavior is governed by two main rules. The first
rule states that each region of the environment can only be occupied by agents
which have enough income to remain in place. In turn, the second rule specifies
that the agents must coexist only with their similar, according to a certain mini-
mum percentage acceptance determined in the interface model. Figure 4 shows
that during the simulation process, the number of unhappy agents decreases. In
this scenario, the number of agents is 1600 and the similarity desired is 75%.
The beginning of the simulation is represented on Stage 1, where the most of
the agents are unhappy and the percent of similarity is around 50%. After 50
ticks, in Stage 2, the similarity increases to 70% while the unhappiness falls.
Finally, after 404 tick (Stage 3), the percent of similarity reaches the 100% with
all agents happy.

Fig. 4. Evolution in the happiness and similarity of the population in three stages of
the simulation.

Although the decreasing number of unhappy agents, the environment be-
comes more segregated, as shown in Fig. 5. At the end of the process, all the red
agents are located in the suburban, because do not have enough income to keep
up in other regions. The black agents, in turn, agglomerate into a large group in
the region of the neighborhood and its “borders” with the suburban area, even
forming small groups in the suburban. Finally, the rich agents are divided into
small groups between the three regions and in some cases, end up being isolated.

Fig. 5. Emergence of the global phenomenon of social segregation along the simulation.
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3.2 Example 2

In the simulation presented in this example, we adopted only two items that
characterize individuals: the income of each agent is defined by its social class
(A, B or C), and the cost of living in three areas of the simulation space.

To have a complete simulation cycle, all agents should be with “happy” status
and, to make it happens, it is necessary to work the following criteria: the social
class of the agent and if it has some similarity with another agent nearby.

The segregation occurs by similarity, but an agent of the C Class (Blue agent)
would not have economic conditions to keep itself for a long time in the central
area of the scene due the high cost of living there. The A class agent (red), even
though has economic conditions to remain in any area of the scene, it would not
live in a certain place which has the worst service available. The B Class (yellow
agent) has the best condition in the simulation scenario, since that they have
enough economic power to stay in any of the three simulated locations.

The environment where agents interact has 1296 (36 x 36) patches, where
the gray region has 144 patches, the adjacent area (gray weak) has 432 patches
and the area furthest from the center has 720 patches. The number of agents
varies with the type of simulation. In round numbers are maximum: class A 200
agents, class B 500, class C 900. On average round numbers are: Class A 100
agents, 250 in class B, 450 in class C.

In round 1 MAXIMUM (all the types of agents with the maximal number
in the environment), for all sizes of walks, there is at least one case where the
number of ticks reached 5000 (this score was used for some simulations exceed
500 ticks and the agents found no place economically viable or similarity because
other agents have occupied these places). This results from the lack of space for
agents who would not inhabit areas which are too far from the city center and
by not finding similar neighbor in those areas. Figure 6 shows this situation.

Fig. 6. Simulation with the maximum number of agents.

In the case above, the completion of the simulation is as follows: the central
area is occupied by the classes A and B, the intermediate areas are occupied
by the classes A, B and C, and the far areas are occupied by classes B and C
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since some class A agents walk through all the scenario and are not able to find
places which makes their be in the “happy” condition, since the center is already
occupied and, in order to inhabit the intermediate area, it must find a similar
agent.

In Round 2 (all kinds of agents with the average number in the environment)
the lack of space phenomenon does not occur, because there is space for all agents
of all social classes to be in the “happy” condition. Using the idea of the situation
that emerged in simulations which exceeded 5000 ticks, one can compare this
kind of behavior with abstract situations which actually happen in real life, when
class A people work in a city and live in another by several factors, including
the lack of infrastructure for accommodate and satisfy their requirements, as the
lack of entertainment, high educational quality, so on. Figure 7 illustrates that
kind of behavior.

Fig. 7. Simulation with the average of the agents number.

3.3 Example 3

In this example, green individuals represent the population of higher socioeco-
nomic class, the yellow simulates the middle class, while the red group represents
the lower class.

The central area is a prime area of the map, with higher cost, allowing only
individuals of the green group to be established in this region. The peripheral
region of the environment represents the exact opposite, an area of low cost
housing, allowing individuals of any of the groups proposed to assume a position
that makes up the region. Finally, between the two areas mentioned there is
a region with intermediate cost, enabling both green and yellow individuals to
inhabit this space.

In order to represent the social segregation, the concept of happiness was
adopted. Happiness is achieved by an individual when a certain percentage of its
neighbors belong to the same social group. Since each group is best suited for
a different area of the map, another environment variable was defined, and this
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increases the percentage of neighbors required for individuals to achieve happi-
ness as they move away from their comfort area. Figure 8 shows the interface of
the model used in this example.

Fig. 8. Model interface with the simulation in progress.

The environment where agents interact has 2601 (51 × 51) patches, where
the pink region has 841 patches, the green region has 840 patches and the black
region has 920 patches. As the peripheral area can be occupied by any one of
the groups, it was set slightly larger than the other.

The user can interact with the model, changing the value of three variables.
The first is “number” that determines the number of agents that compose the
simulation can be assigned (up to 2500), divided equally between the groups.
The second variable is “%-similar-wanted”, the percentage of neighbors of the
same class required for individual to achieve hapiness. Related to it, the third
variable controlled by the user, “%-similarly.2”, is an increase in the percentage
of neighbors that an agent needs in order to stay in a patch that is not consistent
with its class, but it is possible for it; e.g. a yellow agent in the periphery, or
green agent in the central.

Figure 9 illustrates the effect of the values assigned to the variables in the
result of the simulations. Both simulations were performed using the same values
for “number” and “%-similar-wanted”, and the only difference among them is
the value set to “%-similarly.2”, which is 15 for the simulation in the left and 75
for the simulation in the right. When choosing a low value for “%-similarly.2”,
agents tend to spread through different parts of the environment. On the other
hand, when a high value is adopted, individuals tend to focus on their preferred
regions.

The plot in Figures 8 and 10, “Percent Similar” shows the percentage of
agents that are located next to its peers. This value may not reach 100% at the
end of the simulation, since some agents may end up without any neighbor. The
plot “Percent Unhappy” shows the percentage of agents that are not yet meeting
their “happy” condition. The simulation ends when 0% of agents are unhappy.



10

Fig. 9. On the left, simulation results using the value 15 for “%-similar2”. On the
right, the result with the value 75 for the same variable.

Figure 10 shows the end of the scenario simulation, where 100% of agents
are happy with their location in space. It can be observed that 99.5% of agents
are similar in their neighborhood, 0.5% of agents are not have isolated space.

Fig. 10. End of simulation.

Another point to be emphasized is that for each simulation, independent of
values to variables, always get a different result, which is generated from the
autonomy and the randomness with which the agents seek a position where they
are happy environment (see Section 3.5).

3.4 Example 4

Initially, it was determined the following: the color Green represents a “prime”
area, the color Green + 1 represents the “middle” area and the color Green
+ 1.5 represents a “peripheral” area. A criterion is adopted, such that of blue,
yellow and red agents remain, at the end of the simulation, in the environment
established, representing the three classes.
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In order to make the simulation closer to reality, it was set a probability for
each class of agent to stay in each environment, according to Table 1. Figure 11
shows screen shots of a NetLogo simulation of this model. In this example a
mathematical model is used. The probabilities contained in Table 1 are used
for the distribution of the agents in the environment. That is the reason this
example does not have a stopping criterion.

Table 1. Table summarizing the definitions imposed.

Agents
Stopping criterion

Center Neigborhood Periphery

Blue 96% 2% 2%

Yellow 5% 90% 5%

Red 1% 3% 96%

Fig. 11. (a) Region corresponding to each class: A, B and C. (b) Environment with
100 agents. (c) End of simulation.

The environment where agents interact has 1024 patches (18 × 18), where
each region has its probability of the number of patches defined in Table 1.

In the example, most of the agents representing the classes A (high income),
B (middle income) and C (low income) concentrate, respectively, in the central
regions, intermediate (center and periphery) and a peripheral city, respectively.

3.5 Comparison Examples

After implementation of the examples, simulations were performed in order to
compare the four approaches employed to the problem social-spatial segregation.
In total, twenty simulations were performed for each model, where the number
of ticks in each simulation showed a variation due to the randomness in the
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initial distribution of individuals. The values used in the simulations of the four
examples were:

– Total number of individuals: 1600;
– Number of rich individuals (upper class): 64 (4%);
– Number of mediun individuals (middle class): 512 (32%);
– Number of poor individuals (lower class): 1024 (64%);
– Similarity desired: 75%;

Table 2 presents the comparative data of the simulations employed in each
example1. The city is divided into three regions: downtown, neighborhood and
periphery; the population is ranked in three social classes: upper class or rich
individuals (R), middle class or medium individuals (M) and lower class or poor
individuals (P). In each example, were used the values of average and standard
deviation (SD).

Table 2. Comparative data between the four examples of the Social-Spatial Segrega-
tion Problem.

Downtown Neighborhoods Periphery

Examples R M P R M P R M P

1
Average 14.65 – – 28.1 389.4 – 22 119.85 1024

SD 5.15 – – 8.47 47.24 – 6.56 45.79 0

2
Average 53.85 58.35 – 10.15 213.15 375.9 – 240.5 648.1

SD 3.82 10.68 – 3.82 10.66 14.88 – 14.30 14.88

3.1
Average 28.1 – – 9.85 276.15 – 2.05 43.85 640

SD 3.37 – – 3.15 14.74 – 1.31 14.74 0

3.2
Average 27.8 – – 9.45 314.45 – 2.75 5.55 640

SD 3.41 – – 3.15 2.91 – 1.91 2.91 0

4
Average 35.8 11.8 16.75 9.85 382.9 71.2 18.35 116.8 936.05

SD 3.72 3.70 4.85 2.88 10.31 7.83 3.13 9.40 10.28

The Fig. 12 demonstrates the percentages of distribution of individuals of
the three social classes related to the areas. The graphs from (a) to (e) show the
data of all examples previously introduced in the Table 2.

In Example 1, the economic restriction imposed on different areas of the
city prevents that certain classes of individuals remain at these locations. In the
downtown, only individuals who belong to the upper class can remain. In the
neighborhoods, the vast majority of the population consists of individuals of the
middle class, plus a small number of rich individuals – these rich individuals can

1 The symbol “–” represents that the simulation does not provide data for the item in
question due to economic restrictions imposed by model. In Example 1 (Section 3.1)
and 3 (Section 3.3), the individuals must have a minimal income to remain in certain
area of the city. In the Example 2 (Section 3.2), the individuals cannot remain in
some places due to the reasons explained in the text.
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(a) Example 1 (b) Example 2

(c) Example 3.1 (d) Example 3.2

(e) Example 4

Fig. 12. Percentage of individuals by areas in Examples 1, 2, 3.1, 3.2 and 4.

establish in the neighborhood, since the two rules of behavior imposed by the
model are satisfied. Finally, in the periphery, are all individuals of the poor class,
since they do not have enough income to keep up in other zones of the city more
prosperous.

In Example 2, are also imposed some economic restrictions. Individuals in
Class C (poor) cannot afford to stay in the downtown due to the high cost of
living. On the other hand, Class A (rich) even though financially able to maintain
in any area of the city, choose not live in certain places, as the periphery, because
such locations have basic services below the other regions. The agents of Class
B (medium) have no restriction in this model have sufficient economic power to
stay in any of the three simulated locations.

Example 3 presents two distinct values in the variable “%-similar2”: a situa-
tion with 15% (Example 3.1 in the Table 2) and another with 75% (Example 3.2
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in the Table 2). This variable represents the percentage of similar neighbors that
an individual needs to stay in an area of the city that does not match its class.
In the case where it is assigned the value of 15% to the variable, the standard
deviation of individuals of middle class in the neighborhood and periphery is
relatively higher than in the situation in which the variable has the value 75%.
As in Example 1, economic restrictions prevent that certain individuals in the
population remain in certain zones of the city.

In Example 4, the individuals of the three social classes are distributed with a
probability between the different areas of the city. From the initial probabilities
adopted, most individuals of the social classes ended the simulations in their
respective area of the city. The upper class individuals concentrated mostly in
the downtown, with some instances in others parts of the city. The individuals of
the middle class concentrated mainly in the neighborhoods. Finally, individuals
of the lower class are mostly in the periphery.

4 Conclusion

After the development of the proposed model and analysis of results obtained,
we concluded that the use of software Netlogo on multi-agent based simulation
to the problem of segregation of social classes was successful in modeling of a
abstract society. From individual behavior based on some rules, it was achieved
the emergence of a global phenomenon known as segregation of social classes.

The results obtained with the model illustrate some aspects of the reality of
some cities. However, this is a complex topic composed of different variables and
elements which depend on the specific location considered. Segregation behavior
among different cities varies very much. In addition, several variables can be
taken into account in order to model different types of segregation which can
occur, such as gender, age, language, religion, habits, among others.

This work can be expanded by adding new components, in order to provide a
more generic model or, at least, more comprehensive one. That allows modeling
different realities found in many cities.
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