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Said Benjamin Bonakdar and Michael Roos!

Dissimilarity Effects on House Prices:
What Is the Value of Similar Neighbours?

Abstract

Residential choice does not only depend on properties of the dwelling, neighborhood amenities and
affordability, but is also affected by the population composition within a neighbourhood. All these
attributes are capitalised in the house price. Empirically, it is not easy to disentangle the effect of the
neighbourhood on house prices from the effects of the dwelling attributes. We implement an agent-
based model of an urban housing market that allows us to analyse the interaction between residential
choice, population composition in a neighbourhood and house prices. Agents differ in terms of education,
income and group affiliation (majority vs. minority). The results show that the “wrong” neighbourhood
can lead to an average house price depreciation of up to 13,500 monetary units or 7.1 percent. Whereas
rich agents can afford to move to preferred places, roughly 13.01% of poor minorities and 8.02% of poor
majority agents are locked in their current neighbourhood. By introducing a policy that provides agents
more access to credit, we find that all population groups denote higher satisfaction levels. Poor agents
show the largest improvements. The general satisfaction level across all population groups increases.
However, the extra credit accessibility also drives up house prices and leads to higher wealth inequality
within the city. If agents have a preference for status rather than for similarity, the effect of the overall
inequality is smaller, since agents become more satisfied living in areas with less similar agents.

JEL-Code: C63, R21, R23, R32

Keywords: Agent-based modelling; residential choice; housing demand; neighbourhood characteristics;
house prices
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1 Introduction

Households seem to have a preference for being among neighbours similar to them. Such a preference
was already postulated by Schelling (1971, 1978) and more recently shown empirically (e.g. Clark 1992,
Luttmer 2005). Of course, the composition of the population in the neighbourhood is not the only
factor that determines residential choice. Where households buy a home also depends on the
properties of the house itself, amenities and disamenities in the neighbourhood and last but not least
on affordability (Sirmans et.al 2006, Baker et.al 2015). House prices are not independent of the other
factors. In fact, in a competitive market equilibrium, house prices capitalise the attributes of the house
and the neighbourhood (see Rosen 1974). A large literature on hedonic pricing in the housing market
estimates how the value of homes depends on these attributes (see Sirmans et.al 2005). Empirically,
it is not easy to disentangle the effect of the neighbourhood on house prices from the effects of the
dwellings attributes. It is particularly difficult to control for endogeneity effects that arise because the
composition of the population in the neighbourhood is endogenous and depends on amenities and
prices. loannides (2011) provides an overview how the literature attempts to identify and estimate
these social interaction effects.

In this paper, we present an agent-based model of an urban housing market that allows us to analyse
the interaction between residential choice, the composition of the population in a neighbourhood and
house prices. In particular, we ask the following research questions. 1) How large is the effect of a
preference for similarity on houses prices? 2) What is the effect of population diversity and income
inequality on house prices? 3) How do population sorting and satisfaction levels affect the house prices
of different groups of households with their homes with different kinds of preferences? 4) What are
the effects of policy measures aimed at making housing affordable to less well-off households?
Understanding how house prices depend on preferences for similar neighbours is important for
hedonic estimations of house prices and their interpretations. The correct specification of empirical
models that deal with the above-mentioned endogeneity problem depends on the assumptions about
preferences and behaviour of the agents, which are difficult to observe. With our model, we can
analyse how sensitively house prices respond to variations in unobservable preference parameters.
We consider several dimensions of similarity, namely income, education and ethnicity, which are often
treated either separately or implicitly in empirical studies (e.g. Green and Lee 2016, Leung & Tsang
2012). We also distinguish a preference for similarity from a preference for status. Preference for
similarity means that households dislike living among different neighbours, no matter whether they
are privileged or underprivileged relative to their neighbours. Preference for status, in contrast, means
that households dislike being underprivileged in terms of income or education, but gain satisfaction
from having higher income or better education that their neighbours. The resulting moving decisions

and house price dynamics might be quite different in the two cases. Relatively rich or educated
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households have an incentive to leave deprived neighbourhoods if they have a preference for
similarity, but with a preference for status they have an incentive to stay there. Finally, we analyse
how the evaluation sensitivity of the satisfaction with dwelling conditions affects house prices.
Households’ evaluation of their own house and of houses available in the market depends on how
satisfied they are with attributes of those homes. How strongly dissatisfaction translates into lower
evaluations might be an important driver of house price dynamics.

The effect of diversity and inequality on house prices is of particular relevance for policy makers. In
many countries, the ethnic and cultural diversity of the population increases due to international
migration (see e.g. Bove & Elia 2017, p. 227). At the same time, globalisation and technological change
have increased and might further increase income inequality (see e.g. Jaumotte et.al 2013). If
households prefer similar neighbours, increased ethnic diversity and income inequality might
exacerbate house price differentials leading to even stronger disparity in material living conditions. A
related topic are policies to change the social mix of urban neighbourhoods (see Graham et al. 2009).
According to Galster and Friedrichs (2015, p. 175), “*Social Mix’ is currently one of the "hottest” (to say
nothing of controversial) topics in urban policy-making and scholarly circles across the First World”.
Proponents of socially diverse neighbourhoods argue that disadvantaged households can benefit from
living among richer and more educated neighbours. Furthermore, socially mixed neighbourhoods
could facilitate the social integration of minority groups and might foster creativity and productivity
(Florida 2002). However, planning attempts to enhance the social mix might backfire, if households
prefer to live in rather homogeneous neighbourhoods and discount the value of their homes if they
are forced to live among dissimilar neighbours.

While house price differential are surely important from a policy perspective, the recent literature of
social well-being argues that well-being is a multidimensional concept (see Linton et.al 2016). Well-
being does not only have a material dimension, but also an immaterial one, which is in the centre of
the large literature on subjective well-being or happiness (see Diener et.al 2018). We hence also
analyse whether the satisfaction with dwelling conditions differs systematically among population
groups in our model. If poor households are locked in a neighbourhood because they cannot afford to
move to a preferred location, their life satisfaction might be depressed not only due to their deprived
socio-economic conditions, but also due to dissatisfaction with their neighbours.

In order to avoid such a lock-in, urban planners pursue policies aimed at the affordability of housing.
Many OECD countries use a variety of policy instruments such as grants and financial assistance for
home-buyers to make good-quality housing affordable to poor households (see Del Pero et al. 2016).
How affordability policies affect house prices and satisfaction levels is not clear a priori. It might lead
to a more efficient sorting that raises social welfare, because households have more choice. On the

other hand, it might also happen that grants and financial assistance only drive up house prices without
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any major effect on where households reside. Our model allows us to investigate how these policy
instruments affect both house prices and satisfaction levels.

Agent-based models do not impose equilibrium conditions on market processes and make it possible
to analyse behaviour and price dynamics out of equilibrium. This is an advantage of agent-based
models over analytical models, because existence, uniqueness and stability of a general equilibrium in
the housing market can only be guaranteed under specific and quite restrictive assumptions (Li 2014).
Furthermore, even if there is a long-run general equilibrium, we do not know how long it takes to attain
it from an out-of-equilibrium state, e.g. after some external shock or policy intervention. In fact, it
might be the case that housing markets are most of the time far away from any equilibrium, because
the transaction costs of moving might be high and adjustments by moving might be slow.

In this model, the main social interaction effect is a pure preference for similarity or preference for
status. We do not model spillover effects or indirect social effects, such as having better labour market
chances if one resides in an educated or rich neighbourhood (see e.g. Wilson 2012). However, we can
incorporate such effects by assuming that households prefer living among neighbours with a higher
socio-economic status. Our model is meant to be a theoretical investigation of mechanisms that play
aroleinany housing market. Therefore, the model is not calibrated to fit any particular city or validated
against empirical data. The application to housing markets in specific cities could be done as a next
step after the mechanisms are well understood.

In Section 2, we describe the model in detail. Section 3 explains how the model is parameterised and
implemented in computer software. Our main results are presented and discussed in Section 4. Finally,

we conclude in Section 5.

2 Model

We first give a short overview of the model in order to highlight its logic. Afterwards, we describe all

assumptions in detail and motivate them.

2.1 Model overview and process schedule

The only agents in the model are N households that buy and sell houses to live in. There is only owner-
occupied housing. Households decide to sell their current house and to move to a new one if they are
dissatisfied with their current housing conditions. Housing transactions are managed by a virtual real
estate agent, which does not make any autonomous decisions, but only serves as a market maker. For
simplicity, we assume that the supply and the quality of houses are fixed. The city has a constant stock

of H > N houses. Houses differ in quality, e.g. in terms of size, number of rooms, age etc. We do not



model these characteristics explicitly, but summarise them in a quality indicator variable @y € [0,1]
for each house h. There can be several houses of the same quality and a larger index value indicates
higher quality. Space is modelled as a two-dimensional grid of 3,249 patches. We assume a classic
Thiinen-type monocentric city, in which amenities are concentrated in the centre. Amenities are
exogenous and do not change over time. As with the characteristics of the houses, we do not model
amenities like shopping and leisure facilities explicitly. Instead, each house has an amenitiesindex Q, €
[0,1] that captures the quality of the neighbourhood with regard to the availability of amenities
nearby. In line with the Thiinen model, we assume that Q, = 1 in the city centre and declines for every
unit further away linearly by ~0.0256 vertically and horizontally and by ~0.0357 (=0.0256*V2)
diagonally under consideration of Moore neighbourhoods. We assume discrete time steps equivalent
to one month.

The sequence of events and actions is summarised in Table 1. A detailed description of the assumptions

and the procedures is given in the following sections.

Table 1: Schedule of events and actions

Step Event or action

1 All households receive a stochastic income.

2 All households determine how dissimilar they are from their current neighbours.

All households determine their satisfaction with the current house and neighbourhood.

All households decide to stay in the current house or to move.

Potential movers determine their willingness-to-accept for the current house.

Potential movers determine the offer price for the current house.

Potential movers determine their willingness-to-pay for a new house.

N| ol i AW

The estate agents collects all offer prices of available houses.
Available houses are auctioned off in 3 rounds to potential movers in a second-price

auction. Actual prices are determined.

8 Households that bought a house sell their current house to the estate agent and move.

Households that were not successful in the auctions stay in their current house.

2.2 Income, education and ethnicity of households

Households have random incomes. Initially incomes are exponentially distributed with a mean income

of 40,000 and a minimum income of 10,000, which roughly reflects the income distribution in the U.S.



in 2015 (OECD, 2017). In every period, each household’s income is updated by the following stochastic

process:

o Vit with prob 0.9
Yie = {Ei,tyi,t_l with prob 0.1

(1)

where €; ¢ i.i.d ~[0.8,1.2].

Households differ in their level of education, by which we mean formal education acquired at school
or at colleges and universities. We measure education by years of schooling. Every household is
endowed with a level of schooling drawn from a normal distribution with mean 13.5 and a standard
deviation of 1.5. Draws below 11 and above 21 are set to these thresholds. A household’s education
does not vary in the course of the simulation. Furthermore, we do not model any correlation between
education and income. We want to analyse the effects of both variables separately in order to
distinguish between the pure income effect and the effect from potential creative neighbourhoods, as
introduced in Malik et.al (2015). Each household belongs to one of two ethnic groups, which are

indicated by “majority” and “minority”.

2.3 Satisfaction of households

Households’ satisfaction with living conditions is a crucial variable in our model. On the one hand, we
assume that dissatisfaction is a main driver of moving decisions, which is supported by empirical
evidence. Coulter et al. (2011) show with British data that dwelling dissatisfaction and disliking the
neighbourhood are positively related with moving desire, moving expectation and the likelihood of
moving. On the other hand, satisfaction is a component of well-being, which can be measured and
used for welfare analyses. Among many others, Kahneman and Krueger (2006) and Stiglitz et al. (2009)
argue that the subjective dimension of well-being, as measured by questions about people’s
satisfaction with their lives and living conditions, is important and should inform public policy.

We assume that households i have a satisfaction level S;, . that refers to the house h in the
neighbourhood n that they own and occupy at time t. Marans (1976) suggests three dimensions of
residential satisfaction: the dwelling and its attributes (i.e. the number and size of rooms, the age of
the building, or the availability of a garden or a balcony), the area, in which the dwelling is located and
the neighbourhood. The satisfaction with the spatial community refers to the attractiveness of the
area due to the availability of local amenities such as school or shops and the satisfaction of the
neighbourhood depends on how similar the households is to its neighbours in terms of socio-economic
characteristics. We follow the study of Marans (1976) and define satisfaction as follows: (1) satisfaction

with the house itself, SH; j, ;, (2) satisfaction with the area, where the house is located, SA; ¢, (3)

5



satisfaction with the current neighbours, SN; .. Total satisfaction is the product of the three

components, because they reinforce each other:

Sint =SHipe X SAjne X SNip ¢ (2)

Satisfaction with the house itself depends on the quality of the house:

SHipe = (Qn)% (3)

We assume that 0 < §; < 1in order to capture a strong responsiveness of satisfaction at low levels of
quality. Since Qy, € [0,1] satisfaction will range from 0 to 1, too. Satisfaction with the attractiveness of

the area is modelled analogously, again with 0 < §, < 1:

SAine = (Qg)% (4)

A crucial assumption in this paper is that households in general prefer to live among neighbours who
are similar to them. If we define A; , ; € [0,1] as the dissimilarity of the household from its neighbours,
(1 - Ai,n,t) is a measure of the degree of similarity. A household experiences the more satisfaction,

the higher the degree of similarity is:

SNipe=(1—0;p)% with0 <83 <1 (5)

We focus on three dimensions of dissimilarity: income, education and ethnicity. Luttmer (2005)
presents evidence from the U.S. that people report lower happiness if their income is lower than the
average income of their neighbours. He calls this effect a psychological externality, suggesting that
people’s utility functions depend on relative consumption in addition to absolute consumption. Clark
and Coulter (2015) show with data from the UK that people who feel that they belong to their
neighbourhood or are similar to their neighbours report a lower desire to move. Bourdieu (1984)
argues that individuals do not only differ in the economic dimension due to their economic capital, but
also in terms of their cultural capital, which is mainly determined by their education. Education is hence
another important characteristic of social class or milieu. Following Schelling (1971) it is common in
the literature to assume that people have a (slight) preference for neighbours of the same race or
ethnicity. Clark (1992) presents evidence for the U.S. is indeed the case and that preferences for the

own race or ethnicity are rather strong. Hipp (2009) shows that larger ethnic heterogeneity in the



neighbourhood reduces satisfaction levels and Coulter et al. (2011) show that British households have
a stronger desire to move if they are a member of an ethnic minority in their neighbourhood.
We hence model the dissimilarity between a household i and the households in its neighbourhood n

as a weighted sum of the dissimilarity in these three dimensions:

Dine =V1Dine + Vabine + V3line (6)

where ¥, = 0 and y4 + ¥, + 3 = 1. Income dissimilarity A{n,t and educational dissimilarity A’f’n,t
depend on the difference of the household’s own income or education and the average income Yn_l-,t

or education E,_;, of the neighbours:

Yie=Yn_i . =
—E T if Y 2 Vg
Y _ Max(Yn,t) ’ ’
Aimt =1 Yo_it—Yit % )
Max(Yn,t) f it n—it
Eit—En_i . =
—L o f E e 2 En_iy
F )" Max(Enyp) : s
Bine =) Epn_it—Eit 7 (®)
Max(En't) lf it < n—it

The relevant neighbourhood consists of the eight direct neighbours in a Moore-neighbourhood of the
household. We allow for a potential asymmetry of the dissimilarity effect, 0 < ¢ < 1. Fehrand Schmidt
(1999) developed a theory of inequity aversion according to which individuals in general dislike
unequal economic outcomes, but prefer situations in which the inequality favours themselves to
situations in which others are better off. In order to capture this asymmetry, ¢ can be smaller than
one. If ¢ =1, households do not distinguish whether the dissimilarity favours them or their
neighbours. We could also incorporate a preference for status into the model by allowing for ¢ < 0.
In this case, (1 —Ai’n,t) > 1 is possible, implying that being richer or more educated than the
neighbours would increase a household’s satisfaction.

Ethnic dissimilarity q; ,,+ is defined as the share of neighbours whose ethnicity is different from the

one of the household i.

2.4 Moving intention

As mentioned before, there is evidence in Coulter et al. (2011) that households which are dissatisfied
with their home or their neighbours have an intention to move and a higher likelihood of moving than
households with high satisfaction levels. We model the moving intention, MI; ,, ;, as a function of total

satisfaction, S; , ¢, and interpret it as the probability that the household decides to move:



( 0 if Sine = S
iSi,h,TL,t lf § < Si,h,n,t < § (9)
1 if Sine <S$

If the satisfaction level is above an upper threshold S, the probability that the household will move is
zero; there is no moving intention. Likewise, the household definitely wants to move, i.e. MI; , = 1,
if the satisfaction falls below a lower threshold S. Between the upper and the lower threshold, the
household is uncertain whether to move or to stay. The likelihood of moving is a linear function of the
satisfaction level such that the moving intension is 1 at the lower threshold and 0 at the upper one.

If the satisfaction level is in between the two thresholds, we draw a random number from a uniform

distribution [0,1]. The household decides to move, if this random number is smaller than

S 1 - .
55 ~ 55 Sinnt- Note that the decision to move does not mean that the households actually will

%]}

move. Whether a household with a moving intention moves or not, depends on the availability of

affordable houses in the market.

2.5 Pricing and house sales

Households with an intention to move first determines the subjective value of the current house.
Households’ willingness to accept for their current home depends on the price for which they bought

the house, P; ¢, and their current satisfaction with the home and its attributes

WTA;nt = Pine,(Sinne)’, >0 (10)

We assume that the willingness to accept is anchored on the original purchasing price, because there
is evidence that even in the housing market, sellers exhibit loss aversion (see Genesove and Mayer
2001, Eini6 et al. 2008). In our model, an agent is more likely to sell the house again, if the satisfaction
level is lower than it was when she bought it. We call ¢ the evaluation sensitivity of the satisfaction
with dwelling conditions. Since the purchasing price is discounted with the satisfaction level, the seller
would experience a nominal loss. In order to avoid losses, sellers offer the house with a mark-up over
their true willingness to accept. Hence the offer price, for which they would like to sell the house, is

Bipe =1+ WWTA;p, (11)

The willingness to pay for a new home determines the maximum price an agent would pay for a new
house and it is given by

WTP;pt = Bit(Sinnt)’ 0 >0 (12)



where B; ; is agent i’s available budget for a new home at time t. For the agent’s ideal home, S; , , + =
1 holds so that the maximum amount of money she would be willing to pay is equal to the available

budget. This WTP function implies a demand function for satisfaction of the form

Bit

sto. =¢o
Lhmt Phnt

where pp, .+ is the price that a unit of satisfaction would cost. The budget is determined by the
minimum proceeds the agent expects from selling the old house (the willingness to accept) and access

to credit or savings 1) that we assume to depend on the agent’s income:

Biy =WTAjpt + Yy, >0 (13)

When an agent wants to move, she offers the currently owned house to a (virtual) estate agent for the
offer price ﬁi,h,t- The real estate agent collects all offers. In the next step, each agent that wants to
move considers all available houses with an offer price up to her personal willingness to pay for this
house and expresses interest for the house for which she has the highest WTP. The estate agent
matches all potential buyers with the available houses as follows. Each house is sold to the bidder with
the highest WTP. If only one bidder has a WTP that is above the offer price, the house is sold at the
offer price. If there are several buyers with a WTP higher than the offer price, the price is the second-
highest price paid by the bidder with the highest WTP. Otherwise, the house is not sold in this period.
To summarize, the actual selling price P; j, ; agent i pays for a new house is

Pyt if WTP;pe > Py and WTPyp < PpeVk #i
Pi,h,t = WTPk,h,t lf WTPi,h,t > WTPk,h,t > Isj,h,t and WTPk,h,t > WTPl,h,t \v l * i, k (14)
WTPi,h,t lf WTAj,h,t < WTPi,h,t < P’j,h,t and WTPi,h,t > WTPk,h,t Vk#i

3 Implementation and simulation method

The model is not meant to be a realistic representation of a housing market in a particular city. Instead,
it is a theoretical model that describes important mechanisms operative in typical housing markets.
Also it can be used to analyse house price dynamics depending on housing and area qualities, as well
as neighbourhood sorting®. With respect to the research questions, we conduct several analyses, for
which we set the same 20 different seeds at the beginning of each simulation and let the model run
for 200 periods, respectively. Also, we set another seed only for the housing quality indicator for each

house to ensure that houses keep their characteristics among simulation runs.

! The simulation model is programmed in NetLogo 6.0.2.



The analyses are conducted as follows:

1)

The parameters 6;,6, and 83 weigh the effects of housing quality, area quality and
neighbourhood similarity on an individual’s satisfaction. In order to disentangle the effect of
similarity on house prices, we design two scenarios:

a. A model simulation with §; = 0, which implies no neighbourhood effects. The
parameters §; and §, get varied simultaneously with §;,6, € [0.1,0.2,0.3,0.4],
where §; = §, = 0.4 is denoted as Treatment 1 and §; = §, = 0.1 is denoted as
Treatment 4. Here, the model runs 80 times (4 parameter settings x 20 fixed seeds).

b. A model simulation as in 1a., but with varying 83, where §; € [0.2,0.4,0.6,0.8].
Within the treatments the parameters sum up to 1 (3.8; = 1). The model runs again
80 times.

Based on 1a. and 1b., we extract micro-data of the selling prices of each house and create the
housing discount as difference of the baseline prices and the treatment prices of the same
houses. Also, we represent the average house prices graphically and show the house price
differences between the baseline case and the treatment in a table. In order to check upon

significant changes, we conduct t-tests between the baseline cases and the treatments.

We use one of the treatments from analysis 1 and varied the share of minorities G; within a
city and the minimum income min(Y;) of the initial distribution. We tested various population
shares with G; € [0.05,0.1, ...,0.5] and afterwards the minimum income with min(Y;) €
[0,5000,10000,20000] for each seed. We extract the selling prices of all houses and present
the results graphically. For the population shares, the model runs 200 times, thus 20 times for
each parameter setting and for the varying minimum income 80 times, here 20 times for each

setting.

We use the treatment used in analysis 2 and fixed values for the population share and the
minimum income. We split the population into six groups: low-income agents, average-income
agents and high-income agents, each within the minority and the majority population. We
extract micro-data to run an OLS regression to test the effect of the different satisfaction levels
(housing satisfaction, area satisfaction and neighbourhood satisfaction) on the buying-prices
among population groups. We also distinguish between a preference for similarity and a

preference for status. The model runs 20 times, once for each seed.

In this analysis, we consider explicit policy measures, which allows for higher access to credit

Y, first for low-income agents and middle-income agents by setting ¥y = 3 and ¥ = 2.5
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respectively. Alternatively, we give all agents better access to credit () = 3 for all). We
extract micro-data for all settings and create the relative deviation from the baseline case,
where all agents have Y = 2. We then visualize the policies barplots. This analysis is done for
preferences for similarity and preferences for status. The model runs 120 times, 20 times for

each parameter setting.

4 Analysis

We show the results of the simulation runs to answer the respective research questions. Section 4.1
focuses on the effect size of neighbourhood similarity on house prices. In 4.2 we check upon income
and population diversity and analyse the effects of various satisfaction levels of different population
groups on buying prices in 4.3. Section 4.4 contains specific policy analyses by providing different

population groups with more credit access.

4.1 The effect size of similarity on house prices

Figure 1 visualizes the importance of neighbourhood satisfaction, cartographically by showing
exemplary similarity clusterat t = 0 and att = 200. Green areas represent agents with a high degree
of neighbourhood similarity, yellow areas show an intermediate degree of similarity and red areas
represent agents, which are highly dissimilar to their neighbours. The simulation shows that
neighbourhood sorting leads to a strong improvement of an agent’s similarity and neighbourhood
satisfaction. According to our research questions, we expect changes in house prices, too, when we

consider neighbourhood satisfaction as further impact.

Figure 1: Similarity evolvement over time, left: t=0, right: t=200
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The boxplots in Figure 2 represent the average selling prices over all houses as means over the different
seeds within each time step. Decreasing the value of §; and &, from 0.4 to 0.1 in the baseline cases
(Bal-4: only housing quality and distance to city centre) generates an interverted u-shaped effect on
house prices. The highest average house prices are found in Ba2 and Ba3 with §; = §, = 0.3and §; =
6, = 0.2 respectively. Adding the similarity factor lowers average house prices in Trl and Tr4, whereas
there is practically no effect in Tr2 and a small effect in Tr3.

Figure 2 shows that the interquartile ranges (IQR) in the first and the last scenario differ significantly
between the baseline case and the respective treatment. Except for scenario 2, the medians in all
treatments are lower than in the baseline cases. In scenario 1 and 4, those differences account for a
change of roughly (here) 12.000 monetary units, as soon as agents consider the similarity to their
neighbourhood and do not evaluate them as perfect anymore. This means that the values of the
neighbourhood satisfaction can now vary between 0 and 1 and are not equal to 1. In scenario 3, the
absolute differences between the baseline case and the treatment is (here) roughly 5.000 monetary
units under consideration of neighbourhood similarities. This implies that as soon as agents evaluate
their neighbourhood composition together with their current housing characteristics, the satisfaction

level becomes lower, which leads to higher depreciation of the current house price.
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Figure 2: Baseline and Treatment Scenarios for different degrees of neighbourhood similarities

For that reason, Table 2 shows the exact values of the house price means and a t-test for each
treatment. We find that the differences of the Baseline scenarios 1, 3 and 4 and the respective

treatments are significant on the 1%-level. Only scenario 2 is insignificant with a p-value of 0.20.
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Scenario 4 shows the greatest absolute differences, namely -13,439.5 monetary units, which is a
decrease by 7.1% from the average price in Ba4. However, we choose the parametrization of scenario
3 for further analyses?. Here, we find a highly significant, yet the smallest absolute difference between
the baseline case and the treatment. We use this parameterization in order to perform a conservative
analysis. All further results would depend more strongly on neighbourhood dissimilarity if we used the
parameter values of Trl or Tr4.

Table 2: House Price Means and t-test for Baseline and Treatment cases

Bal Trl Ba2 Tr2 Ba3 Tr3 Bad Tr4

“:::: 194,413.3 183,208.0 200,968.8 200,309.4 200,505.4 195,567.2 188,635.3 175,195.8
Mean

Price -11,205.3 -659.4 -4,938.2 -13,439.5
difference

Relative

Price -5.76% -0.33% -2.46% -7.12%
Change

t-test 13.162 1.2686 8.6831 19.945
p-value <2.2e-16 0.2053 <2.2e-16 <2.2e-16

4.2 The effects of income variety and population diversity on selling prices

At first, we describe how and if the population composition of an urban area has an effect on the
average house prices. We conduct the analysis because the dissimilarity function could be affected, if
higher shares of neighbours with different ethnicity can be found. Afterwards, we show how the
variation of minimum income affects the average selling prices, since income is an important driver for
the individual budget and thus, for the market process. Figure 3 shows the various average selling
prices as means over the different seeds within each time step for each setting.

The boxplots show that the variation of the population shares has only minor effects on the average
house prices, if the share varies between 5% and 35%. As soon as the share is higher (or equal) than
40%, we observe that the IQRs are positioned at lower absolute levels than in the other cases.

However, we also observe that the absolute difference among population shares is rather small.

2 The outputs of the other seed settings can be found in the Appendix.
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Figure 3: Boxplots, Average Selling Prices with varying population shares, Treatment 3

Figure 4 shows the average selling prices among different levels of minimum income. The boxplots
show that the IQR in the case of Ymin = 10000 is largest and thus, shows the greatest variation over
the simulation time. By considering all four boxplots, we observe a decrease in the medians on average,
if the minimum income increases. Setting a minimum income of 5000 units would lower the average
selling price by about 1000 monetary units. At Ymin=20000, the average selling price is about 2000

monetary units lower.
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4.3 The effects of satisfaction levels on buying prices for various population groups

with different kinds of preferences

In this section, we disentangle the effects of different satisfaction levels on the buying prices of six
population groups g. Here, we want to analyse, how the various satisfaction levels affect the actual
buying price of the current house. We distinguish two different cases: 1) agents have a preference for
similarity or 2) agents have a preference for status. Even if individuals move during a specific period,
the effects are not biased, since this evaluation is identical before moving and directly after moving for
that particular neighbourhood due to the sequential execution of events by all agents.
Since the initial income distribution is an exponential distribution with E[Yl-,to(X)] = 40,000, we
categorise the income groups by the following rules in order to get a small share of very rich individuals
and a rather large share of poor agents:

e Pooragents: IfY; < uy — 0.250y

e Average income agents: If uy — 0.250y < Y; < uy + 20y

e Richagents: If Y; > uy + 20y
At first, we show an exemplary development of different satisfaction levels among all population
groups for a fixed seed at four different moments of the simulation, namely at t € (1;30; 100; 200).
Figure 5 shows the average satisfaction of each population group at each simulation moment. The

arrows indicate the change of the mean satisfaction per population group over time.
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We distinguish population groups not only by their income, but also by the criterion whether the
belong to a minority (Min) or the majority (Maj) defined e.g. by ethnicity. We assume that the minority
share is G = 30%. Not surprisingly, the average satisfaction of agents in the majority group is always
higher than the satisfaction of the minority members. The reason for this is that it is easier for majority
members to find similar neighbors than for members of the minority. The red arrows in Figure 5 show
how the satisfaction levels change during the course of the simulation runs from time t =1 to t = 200.
We can observe several remarkable findings.

First, the rich agents, both in the minority and in the majority start with the lowest satisfaction levels,
which are even lower than the satisfaction levels of the poor agents. This can be explained by the sizes
of the groups. Since the exponential income distribution is very skewed, we defined the groups
asymmetrically, such than there are many more poor agents than rich agents. Accordingly, it is much
more difficult for rich —and especially so for the rich in the minority group — to find neighbors that are
similar in terms of income than it is for the poor. The initial random spatial allocation of agents on the
grid in t = 1 implies that most rich agents will have poorer neighbours leading to low neighbourhood
satisfaction.

Second, at the end of the simulation at t = 200 the average satisfaction levels of the poor and the rich
agents are almost identical, while the average income agents are more satisfied. This finding might be
in contrast to the expectation that the rich agents will end up with the hightest satisfaction levels and
the poor are the most dissatisfied agents.

Third, the arrows show that the rich can improve their satisfaction a lot, while the improvement in the
group of the poor is much smaller. The average income agents’ improvement is at an intermediate
level. This result indicates that rich agents can move more freely within an urban area due to higher
liquidity. Poor agents do not have that much flexibility in order to find the right peer group and are
potentially locked in their current neighbourhood, if they are not located within a neighbourhood with
the “right” peers. Especially this result demonstrates the interaction between population sorting
according to similiarity and contraints by the affordability of houses for the different population
groups.

Table 3 shows the relative average amount of locked-in agents across all simulation runs. “Locked-in”
means that agents want to move (i.e. MI = 1 in eq. (9)), but cannot do so because they either do not
find a more preferred house or cannot afford it. We find that roughly 13.01% of poor minority and
8.02% of poor majority agents are especially dissatisfied with their current living condition and want
to move. The amount decreases with increasing disposable income so that only 3.27% and 2.44% of
the rich population are locked in their current neighbourhood. Poor agents suffer under affordability

problems and rich agents do not find suitable houses.
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Table 3: Relative amount of locked-in agents

Population group % of locked agents
Poor minority 13.01
Poor majority 8.02
Average income minority 4.08
Average income majority 2.30
Rich minority 3.27
Rich majority 2.44

In order to determine the effect of satisfaction on house prices, we run the following OLS regression:

BP; gkt = Bo + BiSHig knye + B2SAigin,t + BsSNigrnet T €igiongt » (15)

with individual / in population group g, living in house k, in neighbourhood n; at time t. Also BP; g . n, ¢
denotes the respective buying price, SH; g . n, ¢ the house satisfaction, SA; g x n, ¢ the area satisfaction
and the SN; g i, ¢ the neighbourhood satisfaction. Table 4 shows the “absolute” regression results
for all agents of the minority population, which accounts for 30% of the total population. Whereas,
Table 4 shows the results for agents with preference for similarity, Table 5 shows the respective
regression results for agents with preference for status.

Table 4 shows that the house satisfaction and the area satisfaction have a large positive effect on the
buying prices among all minority groups. The higher the satisfaction with the house and the closer the
agents can live near the city centre, the higher is the effect on the buying prices. Thus, the high
valuation of these indicators leads to the willingness to pay more for the houses. These effects are
highest for the average income agents and lowest for the rich agents in terms of area satisfaction and
lowest for poor agents in terms of house satisfaction. The reason for this is that the valuation of the
neighbourhood composition, thus the effect of neighbourhood satisfaction, differs strongly among
population groups and counteracts. The effect varies between a strong negative value for the low-
income agents and a high positive value for the rich agents. Poor agents are locked in their
neighbourhood, since they do not have the budget to afford expensive houses. Thus, agents, who are
locked in their neighbourhood continue to be dissatisfied because they cannot find a neighbourhood,
in which their peers with similar socioeconomic status live in. The consequence is the depreciation of

the own house price. The effect is smaller for average income agents, since a fraction of this group is

3 The results of the regression analyses cannot be taken as “true” values, since the numbers are based on the
initialization of the agent-based model. However, the effect sizes are important to consider.
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able to move to more prosperous neighbourhoods and others are rather close to the lower income
agents. The richer ones have a higher likelihood to find their own peer group.

Rich agents can simply move to the locations, where they find their peers. This implies that rich
minority agents move more selectively to find the suitable neighbourhood, which covers the majority
of one’s individual characteristics. As soon as this neighbourhood has been found they remain there.
Thus, rich minority agents are not only satisfied with the house characteristics and the area, but also
with their peer group. This implies that the effect of the neighbourhood satisfaction has a large effect

on the buying price of a house if the neighbourhood composition suits one’s personal characteristics.

Similar results can be seen in Table 5, which shows the regression results for minority agents with a
preference for status. Compared to Table 4, we find that the house satisfaction is estimated with a
lower coefficient thanin the case, where agents have a preference for similarity. Also, poor and average
income agents show smaller values for area satisfaction, whereas rich agents evaluate the area higher.
When agents have a preference for status, poor agents show a more positive valuation concerning the
neighbourhood satisfaction whereas average income and rich agents value the neighbourhood more
negatively.

Table 4: OLS Regression "absolute" results for all agents of the
minority population, preference for similarity, S=Satisfaction

Table 5: OLS Regression "absolute" results for all agents of
the minority population, preference for status, S=Satisfaction

Dependent variable: Dependent variable:

BuyingPrice_poor  BuyingPrice_average  BuyingPrice_rich BuyingPrice_poor  BuyingPrice_average  BuyingPrice_rich

(1 (2) (3) (1) (2) (3)
HouseS_poor 274, 817.500%* HouseS_poor 261,885.600°*
(158.378) (140.942)
AreaS_poor 269,682,300 AreaS_poor 246,868.800°+
(242.500) (215.004)
NeighborhoodS_poor —148,297.000** NeighborhoodS_poor —106,362.600%*
(373.550) (354.733)

HouseS_average

AreaS_average

NeighborhoodS_average

HouseS_rich
AreaS_rich

NeighborhoodS_rich

370,426.000°
(371.055)

348 5816007
(503.667)

— 81,098 260"
(502.308)

311,419.700%
(2,255.532)
243,629.500%
(2,600.047)
209.510.200%
(3.100.715)

Constant —137,952.400"* —347,018.700%* —431,625.400***
(419.792) (844.799) (4,577.007)

Observations 2,099,323 1,445,439 177,758

R? 0.694 0.527 0.129

Adjusted R? 0.694 0.527 0.129

Residual Std. Error 31,896.690 49,188.900 83,666.510

F Statistic

(df = 2099319)
1,585,602.000%

(df = 3; 2099319)

(df = 1445435)
537,457.100**
(df = 3; 1445435)

(df = 177754)
8,707.274*
(df = 3; 177754)

HouseS_average

AreaS_average

NeighborhoodS_average

HouseS_rich
AreaS_rich

NeighborhoodS_rich

338,633.900**
(268.107)

(598.675)

205,269,100+
(1,224.953)

277,149.800°*
(1,449.526)

Note:

*p<0.1; *p<0.05; **p<0.01

Constant —137,760.900*** 30,900
(377.253) T7)
Observations 2,104,394 1,443,150
R? 0.705 0.643
Adjusted R? 0.705 0.643 5
Residual Std. Error 28,653.200 35,648.360 44,005,000

F Statistic

(df = 2104390)
1,679.564.000°*
(df = 3; 2104390)

(df = 1443146)
865, 161.500°**
(df = 3; 1443146)

(df = 174972)
28 056,000+
(df = 3; 174972)

Note:

*p=0.1; *p<0.05; **p=<0.01

Table 6 shows the regression results for the majority population, which accounts for 70% of the total
population. Again, Table 6 shows the results for agents with preference for similarity and Table 7 the
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results for agents with preference for status. The results are similar to the results of the minority
population. The effect sizes, especially for the neighbourhood satisfaction, are smaller though than for
the minority case. However, the poor agents denote slightly higher Housing and Area Satisfactions.
The reason is that individuals who belong to the majority population have higher chances to find
neighbours with similar ethnicity. Thus, the positive evaluation of potential neighbourhoods is easier
than for individuals from the minority population. This implies that agents from the minority
population assign higher monetary values to houses than individuals from the majority population.
The necessity to move more often than the majority population leads to a higher valuation, until the
right neighbourhood composition fits their own characteristics.

By comparing Table 6 and 7, we find similar results like in Table 4 and 5. Like in the minority case, the
majority agents show smaller coefficients with respect to house satisfaction. Poor and average income
agents show smaller values for area satisfaction, whereas rich agents show higher values.
Neighbourhood satisfaction is different from the previous comparison. Here, it is higher for poor and
average income agents and lower for rich agents.

Table 7: OLS Regression "absolute" results for all agents of
the majority population, preference for status, S=Satisfaction

Table 6: OLS Regression "absolute" results for all agents of the
majority population, preference for similarity, S=Satisfaction

Dependent variable:

Dependent variable:

. . . . - . : uvi e AnePrice_avers rinePrice_rick
BuyingPrice_poor  BuyingPrice_average  BuyingPrice_rich BuyingPrice poor  BuyingPrice_average  BuyingPrice rich

(1) (2) (3) (0 (2) (3)
HouseS_poor 282,250.200%* HouseS_poor D64,
(82.494) y e el )
AreaS_poor 277,616.900* AreaS_poor 257,258.500
(127.933) (105.102)
NeighborhoodS_poor —95 594470 NeighborhoodS_poor —65,113.810°*
(220.388) (192.048)

HouseS_average

AreaS_average

NeighborhoodS_average

HouseS rich

AreaS_rich

338.557.300"*
(188.920)
324.866.000
(264.458)
—01,150.2207
(329.311)

278,044,000
(1,333.860)
225.305.400°
(1,662.260)

HouseS_average
AreaS_average
NeighborhoodS_average
HouseS_rich

AreaS rich

324,026.100%++
(136.410)

311,143.100%**
(188.148)

—31,282.360***
(367.241)

257 811.100°**
(B61.524)
599.600°**

(6RA6.367)

NeighborhoodS rich 700+ NeighborhoodS _rich 116, 118800+
( i (1,349.818)

Constant —181,365.400¢* —277,247.600** —204,017.300% Constant —172,793.000*** —301,504.300%** —339,070.100***
(248.863) (432.453) (2,786.058) (206.458) (430.348) (1,614.755)

Observations 4,888,583 3,382,372 416,265 Observations 4,883 444 3,391,506 412,270

R? 0.776 057 0.120 R* 0.816 0.700 0.444

Adjusted R? 0.776 0.57 0.120 Adjusted R? 0.816 0.700 0.444

Residual Std. Error 25 546.920 39,619.530 79,315.450 Residual Std. Error 21,104.860 28,980.010 33,783.810

F Statistic

(df = 4888579)
5,660,342.0007
(df = 3; 4888579)

(df = 3382368)
1,548,703.000°
(df = 3; 3382368)

(df = 416261)
18,030.2707
(df = 3; 416261)

F Statistic

(df = 4883440)
7,210,067.000°**
(df = 3; 4883440)

(df = 3391502)
2.635,162.000%**
(df = 3; 3391502)

(df = 412266)
109,750,800
(df = 3; 412266)

Note:

Table 8 and 9 show the price predictions from the regression analyses with the respective averages of

*p<0.1; "p<0.05; **p<0.01

Note:

*p<0.1; **p<0.05; ***p<0.01

the independent variables. Table 8 shows the results, if agents have a preference for similarity and

Table 9 shows the results, if agents have a preference for status.
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Table 8: Price predictions from OLS regression with respective averages of independent variables -
preference for similarity

Preference for Predicted Mean House Mean Area Mean Neigh. Mean
Similarity House Price Satisfaction Satisfaction Satisfaction Satisfaction
Poor minority  258,250.40 0.8341 0.8338 0.8032 0.5586
Poor majority  282,907.23 0.8338 0.8356 0.8836 0.6156
Avg Income
290,064.54 0.8516 0.8412 0.8139 0.5831
minority
Avg Income
295,025.38 0.8520 0.8412 0.8786 0.6297
majority
Rich minority 422,934.00 0.8854 0.8525 0.7349 0.5547
Rich majority 365,861.70 0.8866 0.8539 0.7865 0.5954

In Table 8, we see that poor minority agents have the cheapest houses and rich minority agents own

the most expensive ones. House prices as well as average house and area satisfaction increase with

increasing disposable income. However, mean neighbourhood satisfaction shows a different pattern.

Poor and average income agents show higher neighbourhood satisfaction than rich agents. Although

rich agents have enough financial liquidity they cannot find the right neighbourhood due to a lack of

suitable houses. On average, the total satisfaction level is roughly between 0.55 and 0.63 for all

population groups.

Table 9: Price predictions from OLS regression with respective averages of independent variables -

preference for status
Preference for Predicted Mean House Mean Area Mean Neigh. Mean
Status House Price Satisfaction Satisfaction Satisfaction Satisfaction
Poor minority  264,630.90 0.8335 0.8348 0.8079 0.5621
Poor majority 283,605.29 0.8344 0.8357 0.8901 0.6207
Avg Income
289,169.00 0.8572 0.8403 0.8732 0.6290
minority
Avg Income
302,382.54 0.8515 0.8387 0.9459 0.6755
majority
Rich minority 312,476.56 0.8857 0.8619 0.8984 0.6858
Rich majority 306,459.40 0.8770 0.8480 0.9714 0.7224
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If agents have a preference for status, the picture looks different. First, the predicted house prices of
the poor agents and the majority agents with average income are higher and the prices of the other
groups are lower compared to the case, when agents have a preference for similarity. This indicates
that some agents are willing to live with poorer neighbours because they derive satisfaction from their
higher social status in such a neighborhood. This effect increases house demand and prices among the
poor and the middle-income-majority agents, while it dampens competition among the rich. In total,
preference for status sigificantly compresses the distribution of house prices and hence reduces wealth
inequality. Furthermore, we find that the mean satisfaction across all population groups is higher and
increases with higher income. Rich majorities show the greatest difference of 12.7 percentage points
from 0.595 to 0.722. The overall neighbourhood satisfaction is higher, because agents do not feel

dissatisfied when living among neighbours who do not have the same attributes.

4.4 The effects of varying credit access for different population groups

Our last research question refers to the effects of affordability policies on satisfaction levels and house
prices. Again, we distinguish between 2 scenarios: 1) agents have a preference for similarity and 2)
agents have a preference for status. We change the parameter 1 in Eq. (13) so that agents have higher
disposable budgets, which we interpret as better access to credit. We run the model for three different
settings, where the willingness-to-accept (WTA) is the base of the disposable budget. Additionally,
agents can access credit depending on their individual income.
1) Baseline: All agents have twice the amount of their individual income for the additional
budget, thus: ¥ =2
2) Policy 1: Poor agents get more access to credit than rich agents, in order to make houses
more affordable and reduce social exclusion. We call this scenario “staggered credit”, thus:
Poor agents: ) = 3, average income agents: i) = 2.5, rich agents: y = 2
3) Policy 2: All agents have higher access to credit: i = 3, we call this scenario “extra credit
for all”
We create the relative deviation for cases 2) to 3) from the baseline case described in 1). Figures 6 — 9
show the deviations of house satisfaction, area satisfaction and neighbourhood satisfaction as well as
the deviations in overall satisfaction for the different policies across all population groups with agents’
preference for similarity. Figure 10 shows the overall price deviations from the baseline case. Figures
11 — 15 show the respective results for agents with a preference for status. The stacked barplots

represent the average deviations of the two different policies.
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Figure 6 shows that especially poor agents benefit from extra credit with respect to house satisfaction.
Giving them more access to credit improves their house satisfaction, compared to the baseline case,
by up to 4.75%. Average income agents improve their house satisfaction between 1.8% and 2.5%. Even
though rich agents do not get any further credit in the staggered credit policy, they can increase their
house satisfaction by 0.56% or 0.9%, respectively. If they also get more credit (policy 2), the
improvements denote roughly 1%.

Figure 7 indicates that higher amounts of credit make houses closer to the centre more affordable.
Especially poor agents benefit from this policy by increasing their area satisfaction by up to 1.4%
compared to the baseline case. Minorities show greater improvements than majorities. Across all
population groups, the improvement rates become smaller the more disposable income the agents
have. Rich majority agents show small variations (between 0.28% and 0.3%) indicating that they are
not liquidity constrained in the baseline case.

Neighbourhood satisfaction shows a different pattern than house or area satisfaction. Figure 8 shows
that higher access to credit improves the neighbourhood satisfaction, especially for poor minorities
and rich majorities. The former show improvements, compared to the baseline case, by up to 1.15%
and the latter by up to 0.96%. This indicates that poor minorities, as well as rich majorities can cluster
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themselves among their peer group more likely, if credit access increases. Average income agents
either barely improve their neighbourhood satisfaction shown by 0.08% in the scenario, where all
agents get extra credit or improve their neighbourhood satisfaction by up to 0.57%. The fact that rich
agents benefit in this dimension although there are only small effects with regard to the other
dimensions of satisfaction points to a price effect. If better access to credit drives up prices in general,
rich agents can outcompete agents with lower budgets.

Finally, Figure 9 shows the relative deviations of the overall satisfaction levels compared to the baseline
case. All population groups become more satisfied with their living conditions when getting extra
credit. However, with higher income, the increases of the overall satisfaction become smaller. Poor
agents improve their overall satisfaction between 6.09% and 6.50%, whereas average income agents
show higher satisfaction level between 2.57% and 3.17%. Rich agents do not increase their satisfaction
that strongly. The improvements lie between 1.04% and 1.80%.

In order to visualize the effect of higher access to credit on house prices, Figure 10 shows the average
price increases caused by the two policies for all population groups. In the treatment policy 1
(staggered credit), prices increase on average between 24.8% and 70.8%. As soon as all population
groups get the same amount of higher credit (policy 2: extra credit for all), the smallest average price
increase is roughly 25% and experienced by the poor majority group. The maximum change reaches
78.9% and affects the majority group with average incomes. This is an indication that the general
income and wealth inequality within the economy rises by introducing such a credit policy,

counteracting the increases in satisfaction levels.
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Figure 10: Relative deviations (prices) of better access to credit, preference for similarity

Similar dynamics can be found if agents have a preference for status. Figure 11 — 14 show the
deviations of higher credit access compared to the baseline case, where 1) = 2. The relative deviations
of house, area and neighbourhood satisfaction as well as overall satisfaction are shown. Figure 15
shows the overall price deviations from the baseline case. As before, the stacked barplots represent

the average deviations of the two different policies.

23



a =
s staggered Credit c g - staggered Credit
2 © extra Credit for all 2 extra Credit for all
@® @®
3 g 7
E o T e
5] 5] Y]
z 46284 | | 45846 2
£ < 4 £ T [ 127es | | 1217 | | 1298 | 400
B 5
bt & o
§ 2281 | [ 24778 s =
w w
TN 1.442 T i 0.8318
z Ty § 0.495
3
& . 45117 45227 24214 2 257 0.8945 1.2861 5 (=T 1.2489 12275 13111 1.1781 0.1516 0.4157
5 - 5 ©°
poor_maj avg_maj rich_maj poor_maj avg_maj rich_maj
poor_min avg_min rich_min poor_min avg_min rich_min
Figure 11: Relative deviations (house satisfaction) of better ~ Figure 12: Relative deviations (area satisfaction) of better
access to credit among all population groups, preference access to credit among all population groups,
for status preference for status
= ®
; staggered Credit -
a @
§ f _ extra Credit for all 2 N staggered Credit
2 g extra Credit for all
3 2 o
@ g 7]
S o _| |os8sss 3
g - 5 o -
% % 6.4142 6.2138
5 05501 S o -
3 2
=z . ——
5 o 0.1664 g
c E-1 < — 2.9654 2.8636
3 00603 | 0:2485 0.177 E
§ o 09792 | | 05492 | | 0.3243 | [T 0.1987 | | 0.2162 5 o - 18788 2.0522
5] < i g
poor_maj avg_maj vich,_maj § o J leams|letas|]| sz | [a1107 (07536 | | 1.5658
poor_min avg_min rich_min 2 . . .
. . L . . . 5 ~ poor_maj ~avg_maj ~ rich_maj
Figure 13 Relative deviations (neighborhood satisfaction) poor_min avg_min rich_min
of better access to credit among all population groups, Figure 14: Relative deviations (prices) of better access to
preference for status credit among all population groups, preference for status

The deviations caused by extra credit with respect to house satisfaction are very similar to the results
found for the preferences for similarity case (Figure 11). Figure 12 shows the relative deviations of area
satisfaction from extra credit to the baseline case. The most important difference to the effects shown
in Figure 7 is that agent in the rich minority benefit very little both from Policy 1 and from Policy 2.
Opposite to the case with preference for similarity, the rich majority group benefits more than the rich
minority. This may indicate that rich minority agents do not move as much and find their “right”
neighbours more quickly.

Preference for status also matters with regard to the neighbourhood satisfaction for the rich majority,
but also for the average-income majority (Figure 13). In both groups, better access to credit increases
the neighbourhood satisfaction considerably less, if there is a preference for status instead of a
preference for similarity. Again, this implies that average-income and rich agents from the majority
group sort themselves quickly into the most suited neighbourhood. Since the preference for status
allows agents to be better off than their neighbours, agents get satisfied very quickly and do not need
extra credit.

The effects on the overall satisfaction of the groups are qualitatively very similar for both types of

preferences (Figure 14). However, average-income agents from the minority population show higher
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increases between 0.28 percentage points and 0.3922 percentage points. Although all agents are more
satisfied, the overall inequality rises and the extra credit drives up house prices, but on a lower scale,

as Figure 15 illustrates.
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Figure 15: Relative deviations (prices) of better access to credit, preference for status

4.5 The role of the evaluation sensitivity
A crucial assumption of our model is that house prices are mainly determined by the satisfaction with

dwelling conditons. Our results might be driven by the evaluation sensitivity of the satisfaction with
dwelling conditions, which governs how agents translate their subjective satisfaction into monetary
evaluations. We did a sensitivity analysis to get an impression of the importance of this parameter.

Figure 16 shows how sensitive the average house prices react upon changes of the satisfaction
evaluation, which has a direct influence on the willingness to pay and the willingness to accept. The
boxplot within the red lines represents the average house prices when ¢ = 1. We find that the average
house prices decrease if g increases, which was to be expected. The differences are rather small as
doubling ¢ would decrease average house prices by roughy 2000 monetary units or about 1%. If the
evaluation sensitivity is smaller than 1, agents respond less than linearly to changes in their dwelling
satisfaction. Dissatisfaction hence leads to lower discounting and hence higher average prices. Figure

16 also shows the size of this effect on average house prices.
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Figure 16: Evaluation sensitivity - average house price with values lower and higher than o = 1

4.6 Discussion

There is a consensus in the literature that discrepancies in socioeconomic characteristics among
neighbours lead to a decline in residential satisfaction (e.g. Mason & Faulkenberry, 1978; Vera-Toscano
& Ateca-Amestoy, 2008). In our model, this result is reflected in a depreciation of the willingness to
accept a price for the own house. The relation between less residential satisfaction and lower
willingness to accept is in line with the results of Jansen (2014, p.20), who explores empirically the
impact of personal characteristics, dwelling aspects and match/mismatch variables on residential
satisfaction. She finds a positive correlation between house prices and residential satisfaction. Our
finding gets also confirmed by Nordvik & Osland (2017, p. 169), who estimate a random effects and a
fixed effects model with data for Oslo to test how the population composition within a neighbourhood
affects house prices. The authors find that neighbourhoods with a higher share of African and Asian
country background, and therefore a higher discrepancy in ethnicity, show reduced house prices.

The variation of minimum income for poorer agents has a small impact on the average house prices.
Even though poor agents may have the opportunity to buy a better house once or twice, some are still
locked in the outer areas of the city?, due to affordability problems (see e.g. Zwiers et.al, 2017, p.364).
Since house prices increase with smaller distance to the city center and therefore better access to
amenities, average income and rich agents “crowd out” the poorer ones by the sorting process (ibid,
p.366). The minimum income does not provide enough financial liquidity to compete in the market

and thus, to let poor agents afford better-located houses.

41f a Thiinen-type monocentric city design is assumed.
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We find the same result for poor agents after the variation of credit accessibility. Brueckner et.al (1999)
confirm this spatial sorting by analysing the relative location of different income groups within an
urban area. The authors find that if the center has strong advantages in exogenous amenities, rich
people are likely to live at those central locations. More recently, Lee & Lin (2018) also confirmed this
result, by combining a dynamic model of household neighbourhood choice with empirical data. The
authors find that high income agents are anchored in neighbourhoods, where natural amenities are

present (ibid, p.691).

5 Conclusion

This paper introduces a theoretical agent-based model for house price dynamics depending on housing
quality, access to amenities and, especially, neighbourhood composition. The purpose of this model is
to gain insights on how house prices and dwelling satisfaction are affected by (dis-)similar neighbours.
Therefore, the model contains several features: agents’ endowment with socioeconomic
characteristics like yearly income and education, a multidimensional dissimilarity index, the
guantification of agents’ willingness-to-move to a different house and an auction process for buying
and selling houses in an urban area.

The analysis shows that neighbourhood composition and thus, the preference for similarity can
decrease house prices by up to 13,500 monetary units or 7.1%. Thus, the individual perception of the
“wrong” neighbours has a considerable impact on individual house prices.

Our second research question referred to the effects of population diversity and income inequality.
Even though the share of people from another ethnicity has an effect on average house prices within
a neighbourhood, population diversity within the entire city has no substantial impact on the average
house price level. Due to neighbourhood sorting, areas which contain neighbourhoods with higher
shares of the minority population, become spatially bigger and more homogenous. We find that
reduced income inequality has a small effect on average house prices in the whole city. If we endow
poor agents with various amounts of minimum income, they still get “crowded out” by average-income
and high-income agents, which have more financial liquidity. Therefore, poor agents have less ability
to compete in the market.

In order to analyse our third research question on how population sorting and satisfaction levels affect
the house prices of different groups of households, we defined six different population groups. These
groups are defined by their income (poor, average, rich) and their affiliation to a minority or the
majority group. We find that population sorting is a strong driver of house prices, if agents have a
preference for similarity. In particular, competition among the rich for houses with suitable neighbours
leads to very high prices of attractive houses. If agents have a preference for status, there is less

population sorting and less competition among the well-off agents. The willingness to live among
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poorer agents increases the prices of their houses and leads to an overall compressed house price
distribution and hence to less wealth inequality. If agents prefer status over similarity, the average
dwelling satisfaction of all agent groups is higher, indicating more efficient population sorting.

Finally, we analysed how policy measures aimed at making housing affordable to less well-off
households affect house prices and satisfaction levels. Proving better access to credit drives up house
prices of all groups, even if only poor and average-income agents are directly affected. The effect is
particularly strong on houses bought by average-income agents. However, better access to credit also
increases the satisfaction of poor and average-income agents, especially if they are the only ones to
benefit from the policy. The poor and average-income agents can escape from the lock-in to some
extent and afford houses of better quality and with better access to amenities. For the improvement
of neighbourhood satisfaction, the differences between the groups are less pronounced unless all
agents get better access to credit. In this case, both the poor minority agents and the rich majority
agents improve their neighbourhood satisfaction significantly more than the other groups. If agents
have a preference for status, the effects of better credit access are somewhat different. First, the
overall price increase is less pronounced. Second, the effects of better access to credit on satisfaction
in the different dimensions in general are more favourable to the poor and the average-income agents
and do not favour the rich so much. This is also true of all agents get more credit.

These findings suggest that the value of similar neighbours plays an important role for urban planning.
A potentially surprising lesson is that the satisfaction from living among peers can compensate poor
and minority agents to some extent for having to reside in houses and areas of poor quality. Policies
of social mixing might not improve the dwelling satisfaction of agents, if they have a preference for
similarity. Affordability policies such as granting better access to credit are a double-edged sword,
because they have a positive effect on dwelling satisfaction, but also increase wealth inequality by

driving up house prices.
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Appendix

Parameters

Table 7: Parameters of the model

Parameter Value Meaning
61 [0.1;0.2;0.3; 0.4] Sensitivity of satisfaction to house quality
o) [0.1;0.2;0.3; 0.4] Sensitivity of satisfaction to amenities
O3 [0.2;0.4;0.6; 0.8] Sensitivity of satisfaction to similarity
Y1 1/3 Weight on income dissimilarity in dissimilarity function
V2 1/3 Weight on education dissimilarity in dissimilarity function
Y3 1/3 Weight on ethnic dissimilarity in dissimilarity function
o} [-0.2; 1] Self-serving bias in income and education dissimilarity
S 0.25 Lower threshold of satisfaction in moving intention
S 0.6 Upper threshold of satisfaction in moving intention
o 1 Sensitivity of WTA/WTP to satisfaction
vl 0.05 Price mark-up over WTA
[2; 2.5; 3] Liquidity parameter/ access to credit
Py 300,000 Maximum House Price value for the initialization
Initial values

Table 8: Initial value

Variable | Function Meaning
Exponentially distributed with
Yit, Initial income across agents
E[yi,(X)] = 40,000
Pht, Ppt, = Po * QH;?}O * QAi,Zt0 Initial house prices depending on P, QH,?}O, QA;SL,Zt0
Uniform distribution with
QHp, Initial Housing Quality as random draw
QHn, € [0; 1]
Initial Area Quality as function of the difference of
QA A max{D} — D | imum distance to the cent (D} and
= e maximum distance to the center max{D} an
Puto Qo max{D}
house h’s distance to the center D,
Sinto 0 Initial satisfaction is equal to 0
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Figure 17: Baseline and Treatment Scenarios for different degrees of neighbourhood similarities, QH = 1
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Figure 18:Baseline and Treatment Scenarios for different degrees of neighbourhood similarities, random QH



