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0. Abstract 

     In this paper we will attempt to explain how differences between 

American and Dutch cities can explain different residential segregation 

patterns between the United States and The Netherlands. To assess this a 

computer program based on Schelling’s model of residential segregation is 

written to reflect a preference for similar neighbours and socio-economic 

status. To assess differences between the United States and The 

Netherlands, three differences between Dutch and American cities have 

been distinguished: city layout, house price distribution and income 

distribution. In addition we will also look at how smaller minorities and 

lower preferences for similar neighbours affect the segregation process. This 

model predicts that having poor neighbourhoods adjacent to rich 

neighbourhoods will lower segregation, that having lower housing 

subsidisation will decrease segregation, and that a higher income inequality 

increases segregation. Furthermore it predicts that smaller minorities and a 

smaller preference for similar neighbours lead to lower segregation levels. 

 

1. Introduction 

     1.1 Identifying the general topic 

     In this paper we will look at residential segregation and its causes. Schaeffer (2007) 

defines residential segregation as “the physical separation of two groups based on residence 

and housing”. In this paper, I will follow suit in this definition. Furthermore, the type of 

residential segregation this paper focuses on are ethnic and socio-economic segregation. To 

elaborate further, residential segregation means that minorities are not evenly distributed in 

society and form clusters in which they are overrepresented, whilst in other parts of the 

society they will be absent or underrepresented.  

     Residential segregation is a phenomenon occurring world wide, across different countries, 

and different ethnicities. In the United States, residential segregation revolves mostly around 

the segregation of Blacks, Hispanics and Asians from the Caucasian majority. In Europe, 

segregation occurs also, only with different minorities. In The Netherlands segregation 

involves the Turkish and Moroccan minorities (Bolt, Hooimeijer, Kemp, 2002), and in 

Germany the Turkish and Italian minorities (Drever, 2004). In France segregation involves an 

Algerian minority (Huttman, Blauw, Saltman, 1991) and in China a Tibetan minority is living 
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segregated from the mainstream Chinese society (Micklin, Poston, 1998. p. 289). In this 

manner, most countries have a minority which is segregated from the majority.  

     The reason why specifically this subject has been chosen for this research is that residential 

segregation is the aggregate result of individual actions, and this aggregate result is not always 

deemed desirable by city and government regulators, nor by all members of a segregated 

society. 

     We will look at how different factors affect residential segregation. Theories of 

segregation will be discussed, followed by a computer simulation to encompass several 

aspects of residential segregation discussed in the theories. Next differences in housing 

accessibility, urban geography and segregation patterns between the United States and the 

Netherlands will be discussed. This housing accessibility will be split down to differences in 

house price distribution, and income inequality differences. For urban geography we will look 

at how city layouts differ between the United States and The Netherlands. To see how these 

differences in housing accessibility and urban geography affect the segregation process, these 

differences will be implemented in Schelling’s model of residential segregation. After this 

simulations will be run to obtain data, and statistical tests will be done on this data in order to 

quantify if and how differences in housing accessibility and urban geography affect 

segregation patterns. After this, conclusions will be drawn and results will be matched with 

empirical segregation data. Finally, this paper will open a discussions for future research.   

 

     1.2 Scientific and societal relevance 

     The relevance of this research in practical terms is that more information on how 

segregation is affected by certain variables enables policy makes to tackle the problem of 

residential segregation more effectively. This is of course under the assumption that 

residential segregation is undesirable.  

     To scientific relevance is one of cohesion. In sociological terms, cohesion is the extend to 

which the individual member of a society adhere, and interact on friendly terms. Residential 

segregation relates to this in a sense that different minorities living as factions within a society 

is an absence of cohesion. These minorities may or may not have high cohesion within the 

faction, but the fact that they are segregated from the rest of society implies that cohesion 

between ethnicities is low. Another aspect of sociology is conflict. In residential segregation, 

ethnicities become segregated from the majority, and possibly from other minorities as well. 

Usually, minorities end up in a sub-optimal position, having lower quality housing and a 

poorer standard of living, whilst the majority end up in the optimal position. This is relevant 
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to the sociological problem of inequality because it provides information under which 

conditions inequality may increase or decrease (Ultee, Arts, Flap, 2003). 

 

     1.3 Research goal 

     The goal of this research, as stated above, is to explain how structural differences between 

urban areas in the United States and urban areas in The Netherlands  affect segregation 

processes using a computer simulation of residential segregation. Using data obtained via 

simulation, we will investigate whether there are differences in outcomes between the 

segregation model. If there are differences in segregation patterns in the model, I will 

investigate if, and if true, to what extend these segregation differences in the model can 

explain segregation differences between the United States and The Netherlands. 

 

2. Theory 

     2.1 Urban ecology and economic theories 

     Several theories exist to explain residential segregation. Burgess (1928) and Park (1936) 

theorised that cultural differences between ethnicities lead to more difficulties in interaction 

between ethnicities, which was called social distance. This social distance, in combination 

with competition for resources was reflected in segregation patterns, in which the minorities, 

who are usually less successful in competing ended up in lower quality neighbourhoods whilst 

the majority ended up in the higher quality neighbourhoods. Later, this theory was adjusted to 

accommodate socio-economic status, culture, ethnicity and race as factors that affect social 

distance, and this social distance, combined with racism would cause segregation. The 

causality was that people prefer other people with a small social distance. The smaller the 

social distance, the more they prefer to be, and live around these people. Thus, a preference 

for people akin to oneself lead to segregation, along with racism which made it harder for 

minorities to settle in majority neighbourhoods (Fossett, 2006; Massey, Condran, Denton 

1987). 

     Other theories about socio-economic segregation also give us information about residential 

segregation. Wilson (1987) proposed that ethnic minorities are more sensitive to economic 

fluctuations, and that when the economy changes for the worst this lead to a worsening of the 

economic position of minorities. This leaves them economically segregated from the majority. 

Another theory by Massey and Fisher (2000) states that preferential segregation enhances 

economic segregation. The argument for this is that when ethnicities are segregated, and new 

immigrants enter a country, these immigrants will be socio-economically less well off than 
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the native population. Because ethnicities are already segregated, these immigrants of low 

socio-economic status will join a neighbourhood where their ethnicity will be 

overrepresented, thus leading to economic segregation. Both theories are not really that 

different, and both suggest socio-economic segregation and preferential segregation interact 

with one another.  

      

     2.2 Schelling’s model of residential segregation 

     Since Schelling’s model of residential segregation is going to be adjusted in this research 

paper, Schelling’s model will be intensively discussed to make clear what the assumptions, 

conclusions and shortcomings are. Schelling (1978) mentions three types of segregation; 

orchestrated segregation, economic segregation and preferential segregation. Orchestrated 

segregation is a form of segregation enforced by policy and law. An example of this is the 

racial segregation in the 1950’s in the United States where blacks and whites had their own 

toilets, their own default places on buses and other things. Economic segregation is a form of 

residential segregation based on socio-economic endowment. The rich live in richer 

neighbourhoods, and the poor in poorer neighbourhoods. Preferential segregation is a form of 

residential segregation in which a preference to be with one’s own kind leads to residential 

segregation. This is the type of segregation that Schelling’s model focuses on. Schelling’s 

model is represented as a checkerboard, as illustrated in figure 2.1.  

 

Figure 2.1: Schelling’s checkerboard model 

                                       Source: Schelling, 1978 
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     Schelling’s model of segregation is a hypothetical model and works via the following 

mechanisms: there is a city, depicted by a checkerboard. This is assumed to be an accurate 

representation of a city. In this city, two different kind of actors are assumed. Circles, and 

hashes. This dichotomy is the only distinction made between groups. These two groups can 

represent any two groups, though the distinction of race or ethnicity is often made. On the 

checkerboard city, we have three different statuses. Either a cell is occupied by a circle, by a 

hash, or it can be a vacant space. Once can choose how many circles and how many hashes 

one puts on the checkerboard, as long as there is atleast one vacant space for the actors to 

move to.  

     Another assumption is that information is perfect. Every actors know which other actor 

lives where, and where the vacant spaces are. It is also assumed the city has a limited 

capacity, and moving within the city does not cost the actor anything. The assumption on 

perfect information might not be realistic. Imperfect information might lead to people who 

have an option to move somewhere, but do not move. The effect of this on the simulation 

however might be minute. Once an amount of actors has been put in the model, this amount is 

fixed. This means there actors can not move off the checkerboard, and no new actors can 

enter the checkerboard. Each actor has its own neighbourhood. This neighbourhood consists 

of the eight cells surrounding the actor. Each actor has it’s own preference, and these 

preferences are homogeneous within group. This means all “circles” have the same 

preference, and all “hashes” have the same preference. This preference typically is not to be a 

minority in one’s own neighbourhood. Actors are content with their current cell if the 

neighbourhood meets their demand, i.e. not to be a minority. If an actor is content, the actor 

does not move. If an actor is not content he will move to the nearest vacant cell which does 

meet the demands of the actor. Only one actor moves at a time. This moving will continue 

until the city has become stable. For a city to become stable, none of the actors must move. 

This means either all actors must be happy, and therefore do not move, or the actors who are 

not happy cannot find a cell where their demands will be met, thus they will not move. 

     Upon analysis, some things can be said about Schelling’s model of residential segregation. 

The actors in this model have a proportional preference in a sense that each actors wants a 

certain portion of their neighbours to be of the same group as they are. If both groups want to 

be a majority in their neighbourhood, there can be no integration. In this case, integration 

means that minorities are represented equally in all neighbourhoods. Schelling (1969, 1978) 

proves this in a mathematical analysis of his segregation model. The basic rule here is if the 

sum of the proportional preference of any two group exceeds 100%, there can be no 
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integration. This can be illustrated by an example: In one neighbourhoods both circles and 

hashes want to be a majority, and only one group can be a majority. In this case circles will be 

a majority. The hashes who are not a majority will move out, until the neighbourhood will be 

only circles. In turn, hashes will move to another neighbourhood, which will become 

increasingly unattractive to circles, who will move to a neighbourhood where circles live. The 

result is complete residential segregation, where circles live with circles, and hashes live with 

hashes. 

     If the sum of preferences of any two groups is lower than 100%, there can be integration. 

This does not mean that integration will occur. The lower the sum of the two preferences is, 

the more possibility for integration on the condition that the preference of one group does not 

exceed its proportion of the population. For example, if there is a majority consisting of 80 

percent of the population with a neighbourhood preference of 50 percent, and a minority 

consisting of 20 percent of the population, also with a 50 percent neighbourhood preference, 

there can be no integration. This is because the minority will seek out atleast 50 percent of 

their own kind in their neighbourhoods, leaving no option but to cluster in one 

neighbourhood, and to be absent from the other. If this condition holds, and the sum of 

preferences lies below 100%, and integration occurs, the neighbourhood is attractive to both 

circles and hashes. If, as a result of this, too many of one group enter the neighbourhood, this 

neighbourhood may once again become unattractive to the other group, who will move out, 

creating a segregated neighbourhood.  

     As said before, the lower the sum of two preferences, the higher the chance of integration, 

however, if there is integration, it might be sensitive to shocks. If two groups both have a 

preference to be around fifty percent of their own people, and the groups are equal in size, 

there can be integration. Take for example the following situation in figure 2.2: 

     In figure 2.2 one can see a situation of perfect integration. Both groups are for 50 percent 

surrounded by their kin. However, if one were to add two hashes to this model, it would start 

a chain reaction. One neighbourhood has too many hashes for the circles, so they move, 

leading to another neighbourhood being unattractive to hashes, thus triggering complete 

segregation. This makes this layout sensitive to shocks, meaning a small change can trigger 

segregation. In theory, the lower the sum of preferences, the lower the shock sensitivity of a 

model. 
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     Figure 2.2: perfect integration 

# 0 # 0 # 0 # 0 

0 # 0 # 0 # 0 # 

# 0 # 0 # 0 # 0 

0 # 0 # 0 # 0 # 

# 0 # 0 # 0 # 0 

0 # 0 # 0 # 0 # 

# 0 # 0 # 0 # 0 

0 # 0 # 0 # 0 # 

 

     A similar rule applies to minorities in a society, called “the paradox of weak minorities 

preference” (Fossett, 2006). This states that when a minority proportional preference exceeds 

the minority’s proportional size in the society, no perfect integration can occur, regardless of 

the majority’s preference. In practical terms, this means if a minority comprises 20% of the 

population, they can only integrate perfectly if they prefer 20% or less of their own people in 

their neighbourhood. If they exceed this limit segregation will occur where certain 

neighbourhoods will be void of the minority, and some neighbourhoods will house 

disproportionally much of the minority (Clark, Fossett, 2008). 

     Schelling’s model discovered that a small preference for one’s own kind, that is, not to be 

a minority, leads to high levels of segregation. Thus, this model suggest that segregation is not 

cause by animosity from one person to a certain group or minority, but instead it is caused by 

one’s preference to be with people like themselves. The particularly interesting thing here is 

that the micro-behaviours, i.e. not wanting to be a minority, lead to macro-patterns which are 

not necessarily those patterns strived after on the micro-level.  

     In Schelling’s model, certain assumptions have been made that might not be realistic. One 

being that given enough vacant cells, an actor can become isolated, and likes it this way, since 

he’s the only one in his neighbourhood, he is not a minority. This way, the actor will be 

happily isolated, whereas in reality, few people will find absolute isolation pleasant.  

     Another assumption that has been made in Schelling’s model is that moving from one 

place to the other is costless. This might not be realistic in a sense that moving residence is a 

time and money consuming activity which people would want to avoid. This time and money 

investment might be a threshold which could stop people from moving to another place. This 

threshold is not present in Schelling’s model. 
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     In Schelling’s model, once a preference has been chosen, this preference is homogeneous 

within groups, whereas it would be more realistic if this preference would be heterogeneous 

within groups. If preferences in Schelling’s model would be heterogeneous, it is conceivable 

that neighbourhoods in which circles are dominant are not unattractive to all hashes, but only 

to most. This could lead to lower levels of segregation. Bruch and Mare (2006) noted that 

preferences have no continuity. Either an actor is happy, or he is not. If in Schelling’s model, 

an actor is happy, he will stay put. If he is unhappy, the actor will look for a new place to live. 

If this place cannot be found, the actor stays where he is. This might not be accurate. If 

someone is unhappy with his place of residence, it is likely that he will seek out a space where 

the actor will be happier. This means that if actors have high demands, in Schelling’s model 

one would get a stable situation rather fast, with a lot of unhappy actors. If however actors 

seek out places where they will be happier, this stability might be postponed, and higher 

levels of segregation, and higher levels of happiness might occur.  

     Bruch and Mare (2006) made an adjustment to Schelling’s model of residential 

segregation. In this model they changed two assumptions Shelling (1978) made. One 

assumption was that there is one singe tolerance threshold, meaning an actor could be either 

be unhappy, and try to move, or be happy and not move. Bruch and Mare (2006) named this a 

threshold function. The other assumption they changed was that actors do not move once they 

are happy. Bruch and Mare (2006) changed it so an actor would look at its current housing, 

evaluate it, and decide that another house might be more satisfying, though it might not match 

its preference completely. This lead to happy actors moving to houses which will make them 

happier, and unhappy actors moving to houses that would make them less unhappy. The 

function according to which the actors behaved is based on empirical data, to make the model 

reflect reality. The results of this simulation however gave unrealistically low levels of 

segregation. Bruch and Mare (2006)  concluded that segregation is the cause of a threshold 

function, which is only present in special circumstances, i.e. a segregation model with a 

threshold function. They also suggested that other variables might affect the segregation 

process, which were not present in the model. This conclusion makes Schelling’s model of 

residential segregation a lot less credible, since the assumption of a threshold function in 

combination with actor preferences is the cause of segregation, rather than just the preferences 

of actors. Van de Rijt, Siegel and Macy (2009) tried to reproduce this result, and found Bruch 

and Mare (2006) to be in error. Instead of unrealistically low levels of segregation, they found 

high levels of segregation. Bruch and Mare (2006) replied to this, and acknowledged that Van 

de Rijt, Siegel and Macy (2009) were right in their comment, however Bruch and Mare 
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(2009) maintain that changing a threshold function to a continuous function, meaning actors 

will look for better housing, even if they are already happy in their current residence, does not 

necessarily lead to higher levels of segregation, but does lead to stable situations faster. 

     The implications of this are that segregation simulations are not as flawed as Bruch and 

Mare (2006) suggested they are, and that the assumption of a threshold function, i.e. Either an 

actor is unhappy and he moves, or if the actor is happy he stays put, is only a trivial 

assumption with little impact on the segregation results.  

      

     2.3 The SimSeg model 

     Another segregation simulation is the SimSeg model. This model is an expansion on 

Schelling’s model of residential segregation created by Fossett (2006). Like Schelling’s 

model, the SimSeg model assumes a matrix with cells in which actors can settle. The 

variables by which actors can segregate are, like Schelling’s model, preference for one’s own 

group, and unlike Schelling, this model also allows for socio-economic segregation, and 

orchestrated segregation by means of discrimination. The model city is circular, and based on 

the typical American metropolitan area, where the city centre has the cheapest houses, and are 

also of the worst quality, and the periphery has the highest quality houses, which also have the 

highest prices. This model assumes three actors, blacks, whites and Hispanics. Whites are by 

default a majority. One can set a certain inequality between minorities and the majority. The 

SimSeg model uses a bigger matrix than Schelling’s model, and has pre-fixed 

neighbourhoods. This model is very adjustable in its settings. One can set the housing 

inequality. I.e. to what extend the cheap houses are clustered in the centre, and the rich at the 

periphery. One can also set to what extend minorities are socio-economically disadvantaged 

compared to the majority. In this way, one can see how different housing accessibility leads to 

different segregation patterns.  

     Fossett and Senft (2004) also identified some causes of segregation in the SimSeg model. 

They noted that high concentration of housing quality in the suburbs lead to higher socio-

economic status segregation. It was also noted that when minorities have a lower socio-

economic status than the majority, this uneven distribution of quality housing causes 

racial/ethnic segregation, and that the bigger the inequality, the more it causes racial 

segregation. However, this racial segregation is not such that one would get White, Black and 

Hispanic neighbourhoods. It merely causes minorities to be overrepresented in the city centre, 

and underrepresented in the suburbs. 
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     Fossett and Senft (2004) also noted that preferences lead to segregation. Just like Schelling 

(1969) noted that segregation becomes severe if the total preference of both actors exceeds 

100 percent, Fossett and Senft (2004) noted that if the preference of one group exceeds its 

presence in the population, one will see that that group segregates from the other groups. 

However, the implications of mild preferences for one’s own colour was not discussed, since 

it was only tested what would happen if a groups preference exceeds its presence in the 

population. The result is, if this is the only factor active, one would get ethnically 

homogeneous neighbourhoods, regardless of economic status. If to this preference for one’s 

own kind you add household stratification (i.e. a poor city centre, a rich suburb) one would 

get less slightly homogeneity in neighbourhoods, and status stratification within ethnicities.  

     Another conclusion is that if only preferences for one’s own ethnicity were active, and 

actors not only looked at the ethnic composition of the neighbourhood they want to live in, 

but also at the composition of surrounding neighbourhoods, neighbourhoods would cluster 

together according to ethnicities. I.e. all the Black neighbourhoods for one cluster of black 

neighbourhoods, and the same goes for the Hispanic neighbourhoods.  

     If housing stratification is added to this, one sees that the city will get a cluster of 

minorities which stretches from the city centre to the suburbs, and the city centre is effectively 

cut in three. Each ethnicity has it’s own part of the city centre.  

     If on top of this socio-economic inequality is added to this scenario, one can see that in the 

city centre, black and Hispanic ghettos start forming, which means there are a large number of 

neighbourhoods of the same ethnicity clustered together in the city centre, surrounded by the 

majority (Fossett & Senft. 2004). 

 

     2.4 Why computer simulations? 

     Computer simulations are an analytical tool of investigation. This tool has its merits, as 

does it have its downsides. The goal of a computer simulation is to make reduced models 

which are simpler than reality. This isolates factors one wants to study without having to 

control for other variables which may be difficult to take into account. Another merit of 

computer simulations are its non-linear properties. To illustrate what I mean by this, I will use 

an example of economics. In macro-economics, much of the economic situations are 

modelled by algebraic expressions. These expressions are linear, and do not take into account 

individual behaviours that may affect the outcome. Computer simulations however have the 

ability to work from the individual level, creating individual ‘actors’ which represent people, 

and make them interact with each other according to their own program. The aggregate result 
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of these individual actors can be difficult to model mathematically. Additionally, computer 

simulation allows for heterogeneous actors to interact with one another. To write down a 

formula to describe interactions in large populations might be very difficult, leaving computer 

simulations as the more practical method of modelling. The downside to computer 

simulations, as it is with all models, is that one can only hope that the model sufficiently 

matches the situation it tries to represent to make useful predictions about it (Gilbert, 

Troitzsch, 2005; Epstein, 2006). Another downside to computer simulations is that the 

algorithms behind the program might not be as easily comprehensible as a mathematical 

formula, and running simulations, particularly ones containing random variables is time 

consuming. 

     In this same manner, I’ve chosen for computer simulations to look at residential 

segregation. Since segregation is often seen as the aggregate result of individual actions by 

autonomous heterogeneous actors, where the aggregate result might not always be derived 

from the individual preferences, it is useful to use computer simulations to encompass the 

non-linear aspect which is encountered when going from micro-behaviours to macro-

outcomes. To see how individual actors make up a larger pattern we can vary the properties 

the actors in our simulation have, and observe its effects. If we change a variable, say, 

neighbour preference, and the aggregate segregation patterns that emerges becomes different, 

then neighbour preference is a candidate for explaining segregation patterns. If the 

segregation patterns does not change under different neighbourhood preferences, this variable 

is not a candidate for explaining segregation (Epstein, 2006). 

     Criticism on computer simulations is that the models do not reflect the reality accurately, 

and it is quite difficult, if not nearly impossible to take into account all the factors that might 

explain a phenomenon. This might be true, but in this paper I created a computer simulation 

not to imitate reality, but to have a reduced version of reality, only incorporating a few 

variables to see how these variables might affect the segregation process. If there is an effect 

on the segregation process, hypotheses can be deduced from this which can then be tested 

with empirical data.  

    To create a model of residential segregation to explain how structural differences between 

the United States and The Netherlands causes different segregation patterns, I could write a 

model from scratch, or augment an already existing model. I opted for the latter, and based 

my model on Schelling’s model of residential segregation. One reason why Schelling’s model 

has been chosen over the SimSeg model for this paper is that the SimSeg model has a fixed 

city geography. By default, the city centre contains the cheaper houses, and the periphery the 
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more expensive houses. The only thing one can change is this is the degree of housing 

inequality. In this paper, in order for us to look at how city geography may affect the 

segregation process, both the typical American city geography needs to be used, such as it is 

in this model, and the typical Dutch city geography, which is not present in this model.  

     Another reason for choosing Schelling’s model over the SimSeg model is that Schelling’s 

model is simpler, and therefore rests on fewer assumption. This is a good thing because fewer 

assumptions gives less room for inaccuracy. Whilst the SimSeg model has a lot of options to 

adjust variables, all these variables rest on assumption which might not be correct.       

 

3. Differences in segregation patterns 

     3.1 Differences in city geography 

     Before being able to understand how different city patterns might lead to different 

segregation patterns, one needs to know what the differences between cities in the United 

States and The Netherlands are. In order to do this, one must look at city geography. In figure 

3.1 to 3.4 (CBS, 2008), we see the four biggest Dutch cities: Amsterdam, Rotterdam, The 

Hague and Utrecht. These cities have been divided into districts. Of each district, the average 

housing price has been taken, and mapped. The darker the colour, the more expensive the 

average house in the district, as can be seen in figure 3.5.  

     What can be seen in these four cities, is that the city centre contains houses whose prices 

are in the median range. Surrounding this city centre are neighbourhoods with different 

average housing prices. On one side, there are neighbourhoods near the city centre, that have 

high average prices, and on the other side, there are neighbourhoods which have relatively 

low average housing prices. It is also notable that the high prices neighbourhoods do not form 

one big cluster of rich neighbourhoods, but are rather fragmented across the city instead. The 

low price neighbourhoods also do not flock together, but instead form small clusters of low 

price neighbourhoods.  

     When looking at American cities, one can see differences with the Dutch cities. Figure 7 

and 8 depict the New York City area and Chicago. Huttman, Blauw and Saltman (1991) noted 

that urban centres in American metropolitan areas consist usually of cheap and low quality 

houses. This is also visible in figure 3.6 and 3.7. The rule is that in American cities the city 

centre is poor, and the more one goes to the suburban area, the houses become higher priced.  
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Figure 3.1: Prices in Amsterdam   Figure 3.2: Prices in The Hague 

 

 

 

        

 

   Figure 3.3: Prices in Utrecht    Figure 3.4: Prices in Rotterdam 

 

 

 

 

 

 

 

 

         Figure 3.5: Mean prices 1000x Euros 
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     To put these two types of cities in contrast, in the United States, the more one gets to the 

suburban areas of American cities, the more expensive housing. This can be simplified by 

saying that the high priced neighbourhoods are not adjacent to the low price neighbourhood. 

In the Netherlands, the city centre is of a median price range, and the surrounding 

neighbourhoods are mixed. Some neighbourhoods are low priced, and some are high priced. 

This can be simplified by saying that high priced, low priced and median priced 

neighbourhoods in the Netherlands are adjacent to one another. 

     It is also noteworthy that Dutch neighbourhoods in one price segment are more fragmented 

than American neighbourhoods. As can be seen in the figures below, neighbourhoods with a 

similar median value are clustered, whilst in figure 3.1 to 3.4 this is only visible to a lesser 

extend. 

     

Figure 3.6: House prices in New York City  Figure 3.7: House prices in Chicago 

 

 

 

 

 

 

 

 

Source: Census, 2009     Source: Census 2009 

 

   Figure 3.8: Median prices NYC   Figure 3.9: Median prices Chicago 

 

 

 

 

        Source: Census 2009              Source: Census 2009 
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   3.2 Differences in housing accessibility  

          3.2.1 Differences in house pricing 

     Housing accessibility depends on several factors. One is income with which one can 

purchase a house. Another is house subsidising, and the last is house price As can be seen in 

figure  3.1 to 3.6, the distribution of different priced houses differs between the United States 

and The Netherlands. Where in the Netherlands, house prices range from 90.000 to 600.000 

average per neighbourhood, in the United States this ranges from a median value of 90.000 to 

1.000.000 dollar. One difference in data is that the data on housing distribution in the United 

States uses the median value per neighbourhood, whilst the data about The Netherlands uses 

average value per neighbourhood. This is not necessarily a problem. It does however require 

an assumption to draw conclusions about the differences in house pricing. Assuming the 

house price distribution is either a normal distribution, or a Poisson distribution in the United 

States, this makes the mean price of houses per neighbourhood equal to or bigger than the 

median price of houses per neighbourhood. Under this assumption, we can say that the prices 

of houses vary greater in the United States urban areas than it does in Dutch urban areas.  

 

          3.2.2 Differences in income inequality 

     Another factor is house subsidising, and the last is house price, as discussed above. When 

it comes to income to purchase a house, one needs to look at income distribution. One way of 

indexing income inequality is a Gini-coefficient. This coefficient works as following: if the 

Gini-coefficient is 0, all members of the population have the same income, and income 

inequality is 0. if the Gini-coefficient approximates 1, the income inequality becomes bigger 

(Gastwirth, 1972). The Dutch income inequality in 2007 had a Gini coefficient of .273 (CBS, 

2007), where the United States had a Gini coefficient of .463 in the same year (Census, 2007). 

From this we can deduce that the variation in income is smaller in The Netherlands than it is 

in the United States. This is also supported by data on income distributions from both The 

Netherlands and the United States (CBS, 2007; Census, 2007). 

     To account for a different income distribution, the American setting will get a same mean 

budget per actor, though the distribution of this will be more skewed than in the Dutch setting. 

     Income differences between minority and majority are also important to take into account. 

In the United States, the median income for non-Hispanic whites in 2007 was 53.000 dollar 

per year, where the median income for blacks was 34.000, 35.000 for native Americans and 

40.000 for Hispanics (Census, 2007). In The Netherlands, the median income in 2007 for 

whites was 21.400 Euros, where the median for non-western minorities ranged from 14.200 to 
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16.200 Euros (CBS, 2007). When looking at this data, we see that in the Netherlands, the non-

western minorities’ median income ranged from 65 to 75 percent of that of the majority. In 

the United States, this ranges from 64 to 75 percent of the majority. In this case, we can say 

that income differences between minority and majority are similar between the United States 

and The Netherlands. 

 

          3.2.3 Differences in housing subsidisation 

     In The Netherlands and in the United States, the renting of certain houses is subsidised. 

Subsidised renting has a goal of giving the unemployed, elderly, disables and/or single parents 

affordable housing of acceptable quality (Malpass, 1983). Differences in subsidised houses 

between the United States and The Netherlands are substantial. In The Netherlands, 42 

percent of all houses are rent subsidised, and 17 percent commercially rented (Kempen, 

Primus, 2001). Particularly in larger urban areas, this percentage can reach over 50 percent, as 

is the case in Amsterdam and Rotterdam (CBS, 2003). In the United States in 1987, this 

percentage was 12 percent of all rentable housing units (Huttman, Blauw, Saltman, 1991). 

Though only knowing that 12 percent of the rentable houses in the United States is subsidised 

is not very informative, we can deduce from this that subsidised housing occurs much more in 

The Netherlands than it does in the United States.  

     To conclude, housing accessibility in The Netherlands is higher than it is in the United 

States. The main reasons for this is not a big differences in ethnic inequality, but a higher rate 

of subsidised housing in The Netherlands, effectively leading to more affordable houses for 

those low on income. 

 

     3.3 Differences in segregation patterns 

     When looking at differences in segregation patterns between the United States and The 

Netherlands, the most notable difference is that residential segregation of minorities in The 

Netherlands is not as severe as it is for blacks in the United States. In The Netherlands, there 

is little ghetto formation in which 80 to 90 percent of the population is a minority, and with 

the exception of Bijlmer in Amsterdam, Dutch neighbourhoods have no more than 50 percent 

of its population comprised of a minority. Another notable difference is the differences in 

poor neighbourhoods. The cheapest houses in the United States are of a lower quality than the 

cheapest houses in The Netherlands. (Huttman, Blauw, Saltman, 1991). One can assume that 

this makes cheap houses in The Netherlands more appealing to high earners than it would in 
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the United States. This difference however has not been implemented in the simulation used 

for this paper.  

 

 

 

 

4. Simulation 

     4.1 Adjustment of Schelling’s model 

      4.1.1 Corten’s adjustment of Schelling’s model 

     Corten (2008) recreated Schelling’s model of residential segregation digitally, for fast and 

easy simulations. In doing so, Corten’s assumptions deviate slightly from Schelling’s. The 

differences are that Corten’s model has a bigger matrix on which it operates, the checkerboard 

city in which segregation takes place is not square, but torus shaped, the selection of actors 

that want to move is done at random, and the way in which actors choose a new place of 

residence is based on a random walk, leading to a higher probability to finding a vacant cell 

nearby, rather than a distant cell.  

     The importance of this model is that in this paper, we will make an adjustment of 

Schelling’s model of residential segregation using Corten’s adjustment of Schelling’s model. 

The reason for this is because Corten’s adjustment does not deviate much from Schelling’s 

original model, and the points that do deviate have few implications on the results. Another 

reason for using Corten’s adjustment for Schelling’s model of residential segregation is that 

Corten’s model is readily available, and already exists digitally, which making it easier to 

adjust.  

 

 4.1.2 Further Adaptations 

     To see how the adjustment used in this model affect the segregation process, we first need 

to know how exactly the simulation is built up. In this section, I will sum up how exactly the 

model is built, step by step. After that, I will explain how the assumptions of this model 

deviate from the original model, and what the implications of this are. 

     The first thing that happens in this model is the size of the matrix on which the actors 

operate is set. In this simulation, it is 45 cells wide, and 13 high. This created a total of 585 

cells. In this matrix, the right end of the matrix is also the left end of the matrix, and the top 

end is also the bottom end. In other words, the model is a torus. It is continuous in that it has 

no barriers. After selecting the size of the matrix, the timer, in which it measures how many 
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actors walk, is set to zero. If one actor moves, the timer increases by 1. Next, all the cells in 

the simulation are given a value and colour. These values depend on what city layout is 

chosen. The city layouts that can be chosen are American and Dutch. The layouts can be seen 

in figure 4.1 and 4.2. 

 

Figure 4.1: American house price distribution        Figure 4.2: Dutch house price distribution 

  

 

 

 

     As one can see, the city is divided into three different kinds of areas: dark grey, normal 

grey and light grey, each with their own mean value. The mean price and variation on the 

price of these neighbourhoods can be set manually. This value is given using the formula 

Value = X-Y+2(rand(Y)). In this case, X is the average value of the neighbourhood. Y is the 

maximum variance, and rand(Y) is a random number ranging from 0 to Y generated by a 

pseudo-random number generator. Since rand(Y) occurs twice, it sums a random number 

ranging from 0 to Y on top of X twice. The mean value gotten from rand(Y) is 1/2Y, thus 

having the formula Value = X-Y+2(rand(Y)) gives us a mean value of X and a variance of Y. 

Since this random feature of Y is repeated twice, the distribution of house prices is pyramid 

shaped, where the mean value is the most likely, and the values X-Y and X+Y are the least 

likely. This distribution looks as follows: 

 

Figure 4.3: House price distribution 

 

This pyramid shape distribution suggests the mean house price is the most probable, and 

becomes less probable the more it deviates from the mean price. The reason why I choose a 

pyramid shaped distribution, rather than a normal distribution, or a Poisson distribution is 

because there is little information available about house price distribution within 

neighbourhoods. Therefore, a pyramid shaped distribution seemed a safe and easily 

comprehensible assumption. 
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     Next, actors are created. In this process, N amount of random cells generate a red actor, 

where N is the amount of actors one has set to put in the simulation. Next, an X percentage, 

also set beforehand by the user is turned into blue actors. After this, actors will be given a 

budget with which they can obtain a house on a certain cell. These values can be set per type 

of actor. To generate these budgets, I used a Poisson distribution, in which the average value 

and the shape of the budget distribution of a group of actors can be set. Key here is that the 

shape, and particularly the skew of the distributions might not be the same in both the United 

States and The Netherlands. I have chosen a Poisson distribution in this model to simulate real 

income distributions because of the similarity in distributions (CBS, 2007; Census, 2007). 

     Now that all actors have a budget, and all cells have a value, conditions under which actors 

are happy need to be specified. An actor is happy with the cell value if the value of the cell the 

actor is standing on is lower than or equal to the budget the actor has. On top of that, actors 

have a neighbourhood demand. The neighbourhood of an actor consists of the eight cells 

surrounding the cell the actor is occupying. One can set what percentage of neighbours the 

actor has needs to be of his own colour in order to be happy. If both the budget demand, and 

the neighbourhood demand have been met, the actor is happy. If either one of these demands 

is not met, the actor is not happy. The logic behind this is that if one lives in a house, and 

can’t pay the mortgage, one is running a deficit and is losing reserve money, or making debt. 

This is an undesirable situation, and thus, one will want to move. The neighbourhood demand 

is based on the fact that one feels more comfortable when one is among kin, and thus one will 

seek out a certain amount of their kin.  

     The part just discussed encompasses the most of the setup procedure of the program. To 

get the simulation running, actors need to move. In order to do this, actors need to be put into 

two groups. Actors who should move because they are unhappy and can find a place where 

they will be happy, and actors who should not move because there are either happy, or they 

are unhappy, but can not find a place where they will be happy. To do this, every actor counts 

the amount of cells in which their budget demand and their neighbourhood demands are met. 

If this number is larger than 0, and the actor is unhappy, this actor is put in the groups of 

actors that are candidate to move. Next, one of the actors who is candidate to move is selected 

at random, and starts to move. The movement of the actor is also based on a random variable. 

At first, the actor sets a direction, by selecting a random angle ranging from 0 to 360 degrees, 

then it takes one step forward and repeats the process until it found a place to that meets the 

its demands. This random direction leads to the actor doing a random walk. The implication 

of this is that it is more likely to find a place closer to its old location than it is to find a place 
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farther away from its old location
1
. Once the actor has found a place to settle itself, the other 

actors are updated again to look at the new situation, after which a new actor is selected to 

move. The simulation stops if all actors are happy and thus cannot move, or if those actors 

who are unhappy cannot find a place where they will be happy, and thus cannot move.  

     To see how the adaptations of Schelling’s model made in this paper affect the outcome of 

the segregation process, we first must look at how it differs from the original model. The first 

obvious difference is that the city in this adjustment of Schelling’s model is considerably 

larger than Schelling’s original model. The reason for this is that there are three different 

types of neighbourhoods. Since a neighbourhood needs to be of a certain size to be stable, i.e. 

the size of a city in a model which does not have three different neighbourhoods. The best 

solution seemed to make the model large enough to accommodate three different 

neighbourhoods. Other differences are that the model created for this paper have house value, 

and actor budgets. The assumption made here is that the function used for housing values and 

actor budgets are realistic reflections of the actual housing prices and population income 

distributions.  

    The adjustments made in this model have several implications. Actors now have more than 

just the neighbourhood demand to ‘decide’ whether or not a house is suited for them or not. 

They also have economic preferences. Since having both an economic preference and a 

neighbour preference more houses will be excluded from the list of potential houses to move 

to. This means that, initially, more actors will be unhappy, and they will ‘experience’ greater 

difficulty in finding suited houses than would be the case if only neighbourhood preferences 

would be in effect. The simulation might have a result that more actors are unhappy than in 

the original model, given the exact same circumstances. To avoid this problem, I think having 

more vacant spaces in the adjusted model will counter the greater difficulty to find a new 

residence, since more vacant spaces are available in this condition. The reason why this 

greater difficulty in finding new houses needs to be compensated for is to avoid that actors 

can not find a suited location early in the simulation causing the simulation to end quickly, 

without producing strong segregation patterns.  

                                                 
1
There is a small chance that the simulation will end up in an infinite loop. This is undesirable 

since the simulation never ends, and therefore does not give us the information we need, i.e. 

finished simulations. To circumvent this problem, a maximum was set on the timer of the 

simulation so it ends when the timer hits 1000. Each time an actor moves, the timer is set +1. 

All simulations which have a time value of 1000 will be filtered out of the dataset.  
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     Some assumptions made in this model may not be realistic. I assumed in this model that 

agents who are unhappy  and can not find a place where they will be happy, they do not 

change locations, and an agent is unhappy if he can not afford the house he is occupied, or if 

his neighbourhood demands are not met. It would be more realistic that if an actor is unhappy 

with both the neighbourhood and the house price, but can not find another place to move to 

where he will be happy, that the agent will move to a place where he is happy with either the 

price, or the neighbourhood. I suspect that making this change will lead to higher levels of 

segregation, though I expect the difference to be minute. 

 

      

4.2 Units of Measurement 

     To measure levels of segregation, one will need indices to indicate segregation. In this 

simulation I have opted to use one segregation index, and several measurements indicating 

actor satisfaction. The segregation index used is a similarity index, which indicates what 

percentage of neighbours are similar to the actor’s own colour. This will define to what 

extend the aggregate result matches the individual preferences of actors. 

     On top of measuring segregation, I will also measure population density per economic 

region and unhappiness. Unhappiness will indicate what percentage of actors is content with 

its current place of residence. This will also be split down to what percentage of reds, and 

what percentage of blues is content with their residence, and to what extend this differs per 

economic region.  

     As stated before, we have one main index to measure segregation itself. This is 

operationalised by counting how many of the neighbours one actor has, and what percentage 

of these is of the actor’s own colour. Other measurements that will be taken are happiness 

indices. We have one variable to measure total happiness, called ‘unhappytotal’. This is split 

down to colours as well using the variables ‘unhappyred’ for red actors, and ‘unhappyblue’ 

for blue actors. This is again split down per socio-economic region, giving the variables 

‘happyred1’, ‘happyred2’, ‘happyred3’, ‘happyblue1’, ‘happyblue2’ and ‘happyblue3’. The 

last dependent variable is time. This measures the amount of actors that need to move before 

the simulation reaches an end. This variable is called ‘time’. 

 

     4.3 Data Generating 

     To use simulations to generate data, we first need to know what data we want to gather, 

and how many simulations we want to run. In the simulation, we can set income of minority 
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and majority, set housing prices, set the percentage of ethnicities, set the preferences of 

ethnicities, and select a city layout.  

     To see how these different factors affect segregation, they need to be isolated. As 

established earlier, the structural differences we found between the United States and The 

Netherlands are different city layout, different house price distribution, and differences in 

income inequality. Since there are five variables which we can either use in a Dutch setting, 

or in an American setting, there are 2
5
=32 combinations possible.  

     As can be seen below in table 4.1, we have five factors: city layout, house price 

distribution, housing accessibility, minority size, and neighbourhood demand.  

    As for the number of simulations to run, we will do 100 runs per setting. The reason why I 

am using multiple simulations per setting is because the simulations contain a random 

element. This means that every simulation will run differently, and will have differing result. 

Because of this, there need to be multiple simulations, in order to test results statistically to 

estimate their mean outcome and standard deviation.  

     There are 32 settings, of each we will have to run 100 simulations, so in total that will 

come down to 3200 simulations. Since each setting is different, and each dependent variable 

is dichotomous, each dependent variable will be set to Dutch in half of the simulations, and 

American in the other half. In this manner, we can see the average effects a different city 

layout, house price distribution and income inequality, small minorities and low 

neighbourhood demands, all other factors held equal. In addition to this, we will also combine 

these factors to see how these will interact with one another.  

     When mentioning which variables will be varied, it is also important to mention which 

variables will not be varied. In this case, the amount of actors in the model will not be varied. 

The reason for this is that I expect this to have little effect if I put in fewer actors in the model, 

and if I put in more actors into the model, simulations will be short, and lot of actors will be 

unhappy. In this scenario, I will not have obtained useful data, since little would have 

happened in such a short simulation. The variance of house price per socio-economic region 

will also not be varied. The reason for this is that with each new dependent variable, the 

amount of simulations needed to see its effect increases exponentially, and I will not have 

time to assess all possible dependent variables. 
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Table 4.1: combinations 

Setting City Layout House price 

distribution 

Income 

inequality 

Low 

neighbourhood 

demand 

Small 

minority 

1 Dutch Dutch Dutch No No 

2 American Dutch Dutch No No 

3 Dutch American Dutch No No 

4 Dutch Dutch American No No 

5 Dutch Dutch Dutch Yes No 

6 Dutch Dutch Dutch No Yes 

7 American American Dutch No No 

8 American Dutch American No No 

9 American Dutch Dutch Yes No 

10 American Dutch Dutch No Yes 

11 Dutch American American No No 

12 Dutch American Dutch Yes No 

13 Dutch American Dutch No Yes 

14 Dutch Dutch American Yes No 

15 Dutch Dutch American No Yes 

16 Dutch Dutch Dutch Yes Yes 

17 American American American Yes Yes 

18 Dutch American American Yes Yes 

19 American Dutch American Yes Yes 

20 American American Dutch Yes Yes 

21 American American American No Yes 

22 American American American Yes No 

23 Dutch Dutch American Yes Yes 

24 Dutch American Dutch Yes Yes 

25 Dutch American American No Yes 

26 Dutch American American Yes No 

27 American Dutch Dutch Yes Yes 

28 American Dutch American No Yes 

29 American Dutch American Yes No 

30 American American Dutch No Yes 

31 American American Dutch Yes No 

32 American American American No No 

      

     Before beginning a simulation, each variable needs to have a Dutch and an American 

setting. For city layout, there are an American setting, in which the poor and rich 

neighbourhoods are not adjacent to one another. In the Dutch setting will be an average price 

of 3 for the poor neighbourhood, 10 for the middle-class, and 15 for the high class 

neighbourhood. This is because of housing subsidisation in The Netherlands, leading to more 

affordable houses in the low socio-economic regions. The American version will have 5 for 

the poor, 10 for the middle class, and 17 for the rich. This is because housing inequality is 

higher in the United States, and housing subsidisation is lower in the United States. For 
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differences in income inequality, we will look at the income distribution differences between 

the United States and The Netherlands. In both the Dutch and American setting the minority 

will have half the income of the majority, and the distribution will be a Poisson distribution. 

This will be the Dutch setting. The American setting has a wider distribution, since income 

inequality is higher in the united states. This means that the American income distribution will 

have a lower value in the Poisson distribution, making it more skewed, reflecting the higher 

inequality. To make sure the American average budget of the actors is the same as the Dutch 

one, the income distribution for the American setting will be 2(random-Poisson (1/2 budget)), 

meaning the random Poisson distribution of the American setting will be half that of the 

Dutch, multiplied by two, making it more skewed, yet keeping the same average. In effect, 

this causes the Dutch income distribution to resemble a gauss distribution more than the 

American income distribution, reflecting the higher inequality in the United States. The 

reason why I picked half the budget to form a Poisson distribution is because taking other 

fractures, such as 2/3 might cause variables to be multiplied by .66667, causing the divisions 

of the fracture to approximate absolute numbers, but never reaching them. This might cause 

the budgets in the more skewed distribution to be undermined. For example, 2 /.6667 = 

2.9999. If the price of a house is 3, an actor with a budget of 2.9999 can not afford it, which 

could cause the simulation to give different results than it was meant to give. The default 

setting for minority size will be 50 percent so both groups make up 50 percent of the 

population. A small minority means there is a majority consisting of 70 percent of the 

population, and a minority of 30 percent. Neighbourhood demand will also be 50 percent for 

each group, where the actors will want atleast 50 percent of their neighbours to be of their 

own colour. A low neighbourhood demand means a neighbourhood demand of 30 percent for 

both reds and blues. When income inequality and small minorities are both in effect, the 

minority will have the lower accessibility, and the majority higher accessibility.  

     A difficulty in operationalising the variables is to set the variables properly. In some cases, 

it might be useful to exaggerate the differences between ethnicity groups, income differences 

or Dutch and American settings of variables to get more profound and obvious results.  

 

5 Statistical Methods 

     5.1 Descriptive statistics 

     Before we start with the statistical tests, we will first discuss the data itself in its 

descriptive section. The similarity index has a mean value of 69.505, with a standard 

deviation of 6.06 and totally ranges from 57.43 to 97.99. When looking at the similarity index 
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with a small minority, the mean value it 67.91 with a standard deviation of 4.44 and ranges 

from 59 to 80.22. Without a small minority the mean value is 71.08 with a standard deviation 

of 6.97 and ranges from 57.4 to 97.99. 

     The unhappiness measurement has a mean value of 17.62, with a standard deviation of 

4.64 and ranges from 0 to 33.08. When this is split down to unhappy minority actors, and 

unhappy majority actors, we see that minority actors have a mean unhappy percentage of 

40.69 with a standard deviation of 1.66, ranging from 0 to 80.124, and the majority have a 

mean unhappy percentage of 4.27, with a standard deviation of 3.8, ranging from 0 to 22.84. 

     The last dependent variable that will be looked at is time. The mean amount of actor 

movements is 269.13, with a standard deviation of 90.6, ranging from 78 to 710. 

 

     5.2 Statistical tests 

     When using statistical analysis on simulated data, there is always the question to what 

extend significance is actually informative. If results turn out not to be significant, one can 

always simulate more, to create statistically significant results. In this fashion, significance 

itself is not informative. Significance however does suggest a probability to which extend the 

generated data is representative for other future simulations. In his manner, one can assume 

that significance and standard deviations estimate the average outcome of a particular type of 

simulation.  

     Another issue arising in the analysis of simulated data are the outcomes. In a t-test for the 

comparison of means, one can say that the difference in means observed is fickle, since the 

creator of the simulations can write an algorithm in such a manner that differences will be 

found. The interpretation of the data generated for this paper will look at differences in means, 

and will look if the difference is positive or negative. The size of the differences is debatable 

in a sense that these differences might not be informative when comparing the results of 

different dependent variables with one another. For this reason, the hypotheses generated will 

be based on whether the differences in means are positive or negative for each dependent 

variables on the independent segregation index. The size of the difference in means will be 

assessed and discussed as well, though this will have no implication on the deduction of 

hypotheses. 

     For the analysis of our data, we compare two groups to each other: The group which has its 

variables set to the Dutch standard, and the group with its variables set to the American 

standard. One of two options for the comparison of two groups is a multiple regression 

analysis. This will be done by using dummy variables, where all the Dutch values are set to 0, 
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and the American values to 1. The multiple regression method will calculate an intercept 

which will equal to the average Dutch setting with no small minority, and no small 

neighbourhood demand. The coefficients of the dependent variables equal the American 

setting, a small minority setting and a low neighbourhood demand setting. This will give us 

an indication how segregation differs with different settings of the dependent variables. Next 

we will look at interaction effect of independent variables. This will be done by multiplying 

one independent variable with another, leading to a new independent variable which 

encompasses two of the original independent variables. The coefficient of this variable is the 

interaction effect that one independent variable has on the other. 

     In addition to regression analyses, I will also use t-tests, to see if the mean values of the 

independent variables significantly differ from each other. The t-test will look at the mean 

differences between the Dutch and the American setting, determine how big the difference in 

means is, and to what extend this difference is significant. The t-test will also look at the 

degree to which data variance between the two compared groups is similar.  

 

     5.3 Results and interpretation 

     First, we will look at how the independent variables affect the similarity index. First, the 

multiple regression analysis is used, since this test will give the most comprehensive results. 

In table 5.1 one can see the results of how the dependent variables affect the independent 

similarity index in model 1.  

     As can be seen, the average simulation in a Dutch layout with no small minority or low 

neighbourhood demand has a similarity index of 76.752. The effect of an American city 

layout on this is an increase in segregation, albeit a small one. The effect of a more subsidised 

house price distribution predicts lower levels of segregation. A more unequal income 

distribution generates slightly higher segregation levels, and both a small minority and low 

neighbourhood demand predict a lower segregation level. This results is rather surprising, 

since one could expect that with a smaller minority, the similarity would tend to be higher due 

to a low supply of non-similar actors. An explanation for this is that a smaller minority does 

not have enough minority actors to form large segregated clusters, and thus minorities end up 

scattered throughout the population, without being able to find a place where they find many 

similar neighbours. This is also supported by the fact that minority actors are unhappier when 

they are a smaller minority. This also leads me to conclude that the segregation index used for 

this paper is not relative to the size of the minority, making comparison with differing 
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minority sizes more difficult and less accurate. Additional information is that the intercept and 

all the variables are significant.  

 

Table 5.1: Multiple regression analyses, similarity index 

 Model 1 R
2 
= .71 Model 2 R

2 
= .754 

 Coefficient Sig. Coefficient Sig. 

Intercept 76.752 .000 78.606 .000 

American city layout .191 .090 .943 .000 

House price distribution -3.304 .000 -5.609 .000 

Income inequality .297 .009 -.247 .285 

Small minority -3.304 .000 -6.050 .000 

Low neighbourhood demand -9.052 .000 -11.763 .000 

American city layout * house price 

distribution 

  -.195 .349 

American city layout * income 

inequality 

  -.538 .010 

American city layout * Small 

minority 

  -.486 .019 

American city layout * Low demand   -.357 .087 

House price distribution * income 

inequality 

  .910  .000 

House price distribution * Small 

minority 

 

 

 

 

2.070 

 

 .000 

 

House price distribution * Low 

demand  

  1.940  .000 

Income inequality * Small minority  

 

 

 

.744 

 

 .000 

 

Income inequality * Low demand 

 

 

 

 

 

.080 

 

 .702 

 

Small minority * Low demand   3.863  .000 

 

     As can be seen, the average simulation in a Dutch layout with no small minority or low 

neighbourhood demand has a similarity index of 76.752. The effect of an American city 
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layout on this is an increase in segregation, albeit a small one. The effect of a more subsidised 

house price distribution predicts lower levels of segregation. A more unequal income 

distribution generates slightly higher segregation levels, and both a small minority and low 

neighbourhood demand predict a lower segregation level. This results is rather surprising, 

since one could expect that with a smaller minority, the similarity would tend to be higher due 

to a low supply of non-similar actors. An explanation for this is that a smaller minority does 

not have enough minority actors to form large segregated clusters, and thus minorities end up 

scattered throughout the population, without being able to find a place where they find many 

similar neighbours. This is also supported by the fact that minority actors are unhappier when 

they are a smaller minority. This also leads me to conclude that the segregation index used for 

this paper is not relative to the size of the minority, making comparison with differing 

minority sizes more difficult and less accurate. Additional information is that the intercept and 

all the variables are significant.  

     When comparing this to empirical data, meaning the United States has higher segregation 

levels than The Netherlands (Census, 2000; CBS, 2005), we see that house price distribution 

has an opposite effect on segregation than the pattern observed. An explanation for this might 

be that higher housing subsidisation does increase segregation levels, but that this effect is 

overshadowed by other factors, such as city geography, higher income equality or differences 

in minority sizes. It could also be that an unforeseen factor in this model: housing 

subsidisation, leads to more attractive houses in socio-economic poor areas, whereas 

unsubsidised houses in the United States with the same price are less appealing to people with 

a high income, leading to more people with a low income in such neighbourhoods. Since 

minorities are overrepresented in the low income stratus, this might lead to higher segregation 

levels. 

     Since there is more than one independent variable, interaction effects might be possible. 

To see what these effects are, we will use another regression analysis with the original 

independent variables. The results can be seen in table 5.1, model 2. 

     When adding variables to measure interaction effect, we see that in comparison between 

models American city layout has a stronger effect, but when looking at interaction effect, one 

can see that when American city layout is combined with any of the other independent 

variables, this effect is weakened. House price distribution got a stronger negative effect, and 

with the exception of an American city layout, this is also weakened by the other independent 

variables. Income inequality got a negative value in the model with interaction effects, but 

when comparing the models, one can see that this effect is increased when combined with an 
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American city layout, but again weakened when combined with a small minority. It is also 

noteworthy that income inequality is not significant, suggesting there is either a lot of 

variance in the effect of this variable, or a small difference in mean values between the 

American and the Dutch setting of this variable. As for a small minority and a low 

neighbourhood demand, one can see that both of these got a stronger negative effect in the 

second model, but this effect in turn is negated by their interaction effect with one another.  

     When looking at the proportion of explained variance, we see that the first model has an r 

square of .71, meaning that 71 percent of the variance of the segregation index in the model 

can be explained by our five independent variables. This high number is not surprising, since 

the only variables affecting the segregation process in this model are the ones assessed. When 

looking at the second model with interaction effects, the r square has a value of .754. In 

comparison to the first model, the interaction effects only explains an additional 4.4 percent of 

the variance. This suggests interaction effects are modest.  

 

     Next is the t-test for the comparison of means. First, we will look at the difference in 

means between a Dutch and American setting, with no small minorities, and no low 

neighbourhood demand. The results can be seen in table 5.2 and 5.3. 

 

Table 5.2: T-test for the comparison of means of the similarity index 

 Mean Standard deviation Standard error 

Dutch 78.39 4.6396 .4365 

American 74.14 3.095 .2992 

 

Table 5.3: Statistical results, equal variance not assumed. 

Mean 

difference 

Significance (2 tailed) Levene’s test for equality of 

variances, significance 

4.253 .000 .000 

 

     As can be seen, the Dutch setting predicts higher segregation levels. These results are also 

significant, though the implication of this is minute. This results is not consistent with the 

empirical data (Census, 2000; CBS, 2005), though an explanation for this might be that a 

Dutch house price distribution predicts higher levels of segregation for The Netherlands, and 

that this effect overshadows the effects of city layout and income inequality.  
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     When doing this same test with a small minority, a low neighbourhood demand, or both of 

the previously mentioned, the results are similar. In each case the Dutch setting predicts 

higher levels of segregation than the American setting.  

 

     The effect of the independent variables on unhappiness of actors and the time it takes a 

simulation to end can be seen in table 5.5 below: 

 

Table 5.4: Multiple regression analyses. 

 Unhappiness 

minority 

Unhappiness 

majority 

Unhappy total Time 

 B Sig. B Sig. B Sig. B Sig. 

Intercept 20.960 .000 3.107 .000 12.199 .000 368.281 .000 

American City 

layout 

-.366 .112 .066 .446 -.158 .177 .271 .885 

House price 

distribution 

6.807 .000 4.401 .000 5.263 .000 -2.434 .195 

Income 

inequality 

-1.320 .000 1.526 .000 .444 .000 3.256 .083 

Small minority 29.077 .000 -3.257 .000 2.411 .000 -96.072 .000 

Low 

neighbourhood 

demand 

5.731 .000 -.282 .001 2.425 .000 -107.736 .000 

R square .840 .561 .470 .641 

 

     When looking at unhappiness, we see that on average, 12.2 percent of the actors is 

unhappy. City layout does not affect happiness much, though it is noteworthy that city where 

poor areas are adjacent to rich areas leads to more happiness in the majority, but to less 

happiness for the minority. A possible explanation for this is when richer neighbourhoods are 

adjacent to poorer neighbourhoods, the members of the minority who can afford a house in a 

rich neighbourhood now can do so while still satisfying their neighbourhood demand, i.e. they 

have peers from poorer areas as their neighbours, thus they have more potential places where 

their housing and neighbourhood demands are met, whilst for blues, this is the opposite, 

where more minorities are in the richer area, they have fewer places to go to that meet their 
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demands, thus they are less likely to find a place where they will be happy. This is also 

supported by the fact that a small minority causes the minority to become considerable more 

unhappy, whilst it makes the majority slightly happier. The house price distribution has a 

uniform effect on actor unhappiness; less subsidised housing leads to more unhappiness. This 

can be explained by the simple fact that the average house price is higher without 

subsidisation, and the leads to more actors not being able to afford housing. Finally, the effect 

of a lower neighbourhood demand on unhappiness is that unhappiness increases. One would 

expect this to be the opposite, since less is needed to make an actor happy. However, since 

actors are more easily satisfied, they don’t move as often, as can be seen in the decrease in 

time needed to finish a simulation, and it is possible that this causes some actors to prevent 

other actors to find a suitable place.  

     Finally, when looking at the time needed to finish a simulation, one can see that an 

American city layout causes a negligible increase in time needed to finish a simulation, and 

that a more uneven house price distribution leads to less time needed, and higher income 

inequality leads to more time needed to finish a simulation. These effects are all relatively 

small when looking at the effect of a smaller minority and lower neighbourhood demand on 

simulation time. Both of these factors lead to a drastic decrease in time needed to finish a 

simulation. To reflect this to actual situations, this means that fewer people need to move to 

create a situation where actors can no longer find a place in the city that will make them 

happier.  

 

     5.4 Generated hypotheses      

     From the statistical tests in the previous section, one can deduce hypotheses. These 

deductions are hypotheses since the simulation itself is a theoretical model, and any 

conclusions drawn from this are thus also theoretical. The hypotheses that can be drawn are 

the following: 

• The more socio-economically different neighbourhoods are adjacent to one another, 

the lower the segregation levels are. 

• The more easy access to cheap housing is, the higher segregation levels are. 

• The higher the income inequality is within a population, the higher segregation levels 

are. 

• The smaller the minority in a population, the lower segregation levels are. 

• The lower the preference for similar neighbours, the lower the segregation levels are. 
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• The bigger the income inequality in a city, the smaller the effect of a city layout is on 

segregation levels. 

• The bigger the income inequality in a city, the smaller the effect of housing 

subsidisation on segregation levels.  

• The bigger the minority in a city, the smaller the effect of a lower neighbourhood 

demand on segregation levels. 

 

These hypotheses have been deducted from the multiple regression analyses seen in table 5.1.  

 

6. Conclusion and Discussion 

      In this paper we have looked theories of residential segregation in order to write a 

simulation program to explain the differences in segregation patterns between the United 

States and The Netherlands. I opted to adjust Schelling’s model for this because this model is 

rather simple, and easy to adjust. First we looked at how Schelling’s model operates, and 

identified structural differences between Dutch and American cities. in These differences are 

differences in city layout, differences in house price distribution and differences in income 

inequality. The model generated several hypotheses, which are are: 

• The more socio-economically different neighbourhoods are adjacent to one another, 

the lower the segregation levels are. 

• The more easy access to cheap housing is, the higher segregation levels are. 

• The higher the income inequality is within a population, the higher segregation levels 

are. 

• The smaller the minority in a population, the lower segregation levels are. 

• The lower the preference for similar neighbours, the lower the segregation levels are. 

• The bigger the income inequality in a city, the smaller the effect of a city layout is on 

segregation levels. 

• The bigger the income inequality in a city, the smaller the effect of housing 

subsidisation on segregation levels.  

• The bigger the minority in a city, the smaller the effect of a lower neighbourhood 

demand on segregation levels. 

 

     In a t-test, the variable of housing accessibility overshadows the effect of city layout and 

income inequality. This suggests that either there is a flaw in the model, where the effects of 
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housing accessibility are excessive to the extend of diminishing the effects of city layout and 

income inequality. Another problem is that the results of the simulation are sometimes small, 

as is the case with city layout and income inequality. This might be because the differences in 

an American city layout and a Dutch city layout, as they are implemented in the simulation 

program might be too subtle or inaccurate, or the effects might truly be small. Future research 

using cities with differing degrees of housing accessibility, income inequality and layout 

differences might shed more light on this matter.  

     The model created for this paper also contains some inaccuracies. One of these is the 

segregation index, which counts the amount of similar actors in one actor’s neighbourhood. 

This measure is independent of the size of minorities and majorities. In this model, having 

only one actor of a minority would suggest a high segregation index, whilst there is little to 

segregate. A better alternative would be a segregation index relative to the size of the 

minority. This would allow for better comparisons between situations in which minority sizes 

differ. In addition, this model only incorporates preferential segregation, and socio-economic 

segregation. Orchestrated segregation might also play a major role in the segregation process, 

which has not been assessed in this paper. Other criticism is that operationalisation might not 

be as proper as it could have been. In the model created for this paper, I assumed differences 

in house prices, but not in housing quality. I assumed that moving from one house to another 

is cost free, whilst this is often not the case. Further research into specifying these differences 

between the United States and The Netherlands might lead to further fine tuning of the model 

for better results.  

     Practical use for this paper is at this moment limited, since the model needs to be tested 

empirically first. After the hypotheses of this paper have been tested, and found correct, this 

model could be used to predict the effect of policies on segregation patterns. These are 

policies that are aimed at lowering people’s preferences to be in a neighbourhood with people 

akin to themselves, policies to decrease inequality between and within populations, and 

policies concerning urban geography.  
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