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Abstract

Housing companies in Sweden use waiting lists and queueing time to
regulate the high demand for rental apartments. However, the average
gueueing time to obtain an apartment in public housing companies,
such as Boplats G teborg AB and Bostadsf rmedlingen i Stockholm,
has increased over the last decade. Using a novel dataset on rental
characteristics in Gothenburg and a generalised linear mixed model,
this study nds a positive association between the entrance of the
private platform HomeQ in 2019 and the increase in queue time in
public housing platforms. This study nds evidence that higher-income
earners get allocated higher-quality apartments than lower-income
earners in public housing agencies, where income is not an allocation
criterion.
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1 Introduction

Lower-income people and immigrants are in a vulnerable position in the rental market in
Sweden (Baléo, 2019). This market is characterised by a queueing system that requires
a certain knowledge of the Swedish rental market and years of queueing time, which is
taxing for those households for which purchasing a house is una ordable. Rent control
leads to excess demand, which creates a need for an alternative allocation mechanism
(i.e., queueing time). The waiting list is set up as a First-come-First-served (FCFS)
mechanism where the municipality-owned housing company assigns the applicant with
the longest queue time a rst-hand contract. Only in Stockholm, over 736,560 people
are enrolled in the queueing system Bostadsférmedlingen i Stockholm (henceforward
Bostadsformedlingen) as of 2021, and only around 18,954 new rent contracts occur every

year (Bostadsformedlingen, 2021).

In the rental market, an overloaded waiting list (i.e., where apartments on the waiting
list are scarce and many individuals are waiting for any arriving apartment) creates a
low job mobility issue (Ellingsen and Englund, 2003). People who would like to move
for a new job opportunity might not be able to do so because of the di culty of nding
accommodations. Newcomers to Sweden are also more likely to sign an illegal second-hand

apartment due to a lack of familiarity with the system (Sabo, 2017).

In the same way, low-income people are more likely to accept illegal second-hand
apartments due to a lack of available options (Lind and Blomé, 2012). Therefore, the
current queueing system o ered by the public housing companies in Sweden could be
subject to policy changes to increase its protection of the more vulnerable parts of society,

as highlighted by Dijk (2019)'s study.

To address the need for quick and accessible accommodation, the private platform
HomeQ was introduced in Gothenburg in 2019, while it entered other parts of the Swedish
market in 2016. HomeQ aims to match people and rentals based on several di erent

characteristics, such as queueing time and household income (HomeQ, 2023).

Contrary to HomeQ, public platforms such as Boplats Goéteborg AB (henceforward

Boplats) and Bostadsférmedlingen consider only the queueing time of the person signing



the rental contract as per Swedish law (2000:1383) (Law, 2000). In 2019, Boplats became
a Bostadsformedling and started to mediate all apartments by queue days. Moreover,

Goteborgs Stad (the City of Gothenburg) wholly owns Boplats.

A landlord cannot advertise on both the private and the public housing platforms
at the same time. Private landlords might nd it pro table to switch from the public
platform to a private platform where they can select tenants based on characteristics
other than queue time. With the private platform HomeQ, higher-income people might
make for attractive candidates and can benet from nding a quicker rental apartment

compared to using Boplats.

In 2019, HomeQ started being active in Gothenburg. In the same year, the supply of
rental properties to Boplats decreased by 7.96% compared to 2018 and kept decreasing
by 19.23% from 2019 to 2020. In Gothenburg, some major private landlords, such as
Wallenstam, Stena Fastigheter and Balder, left the public platform and moved to the

private one (Kruse, 2023).

This study aims to analyse the correlation between the entrance of HomeQ in the
market, which led to a supply loss of rental apartments to public platforms, and the
increase in the average queue time at the public platform. Since the private and public
platforms allocation criteria are di erent, we want to investigate whether lower-income
people get assigned lower-quality apartments (where an apartment square metre measures

quality) at the public platform where income is not an allocation criterion.

The topic at hand is relevant to the current public debate on the new requirement
that newly built apartments on the Gothenburg municipality land should only be brokered
through Boplats in the future and not through private platforms (Etezaz, 2022a). Jonas
Attenius, chairman of the Gothenburg municipal board, has stated that it is important
for Gothenburg to increase the supply of apartments to Boplats in order to reduce queue
times (Etezaz, 2022b).

Since the distribution of rent-controlled apartments by queue time is mostly a Swedish
phenomenon, there exists a gap in the scienti ¢ knowledge regarding supply e ects on
waiting times in overloaded waiting lists. Moreover, this study o ers novel insights into

whether low-income individuals tend to have, on average, lower-quality apartments. The



results o er policymakers insights into the need to further protect the more disadvantaged

part of Swedish society.

A linear mixed model is used to estimate the association between introducing the
private platform HomeQ and the increase in average queue time at Boplats. The model
accounts for random e ects from geographical areas and includes year xed e ects.
Segmented regression of interrupted time series (ITS) is employed since a control group

is not available for this study.

The rest of the thesis is structured as follows: Section 2 provides a literature review
and Section 3 provides background information regarding the Swedish rental market;
Section 4 presents the theoretical framework; Section 5 explains the data in detail and
presents the choice of method and its limitations; Section 6 provides the results, and

Section 7 o ers suggestions for future investigation.

1.1 Research Questions

This thesis aims to investigate whether the entrance of the private rm HomeQ into
the market has negatively a ected individuals using public housing platforms. Secondly,
the thesis explores whether lower-income people get assigned lower-quality apartments
in public housing platforms. Therefore, the study aims to answer the following research

guestions:

1. Does the entry of a private rm that is allocating housing based on additional
criteria, such as income, contribute to the increase in queue time in public housing

agencies?

2. In public housing agencies, where income is not an allocation criterion, does income

a ect the quality of the apartment assigned to an individual?



2 Literature Review

The Swedish market for rental apartments is characterised by second-generation rent
controls (i.e., there is a cap on rent increases), and rent increases are based on
negotiations between landlord and tenant associations (Turner and Malpezzi, 2003). In
Sweden, the regulated rental prices are below market clearing prices, especially in the
metropolitan areas of Stockholm and Gothenburg. Rent regulation has many negative and
market-distorting side e ects, such as misallocation (where individuals are not assigned
their preferred apartment), rental housing shortage, and under-maintenance (Glaeser and

Luttmer, 2003; Kettunen and Ruonavaara, 2021).

In Sweden, public housing companies account for 50% of the rental sector. Public
housing agencies adopt queueing time as the main criterion when allocating rst-hand
contracts (Baléo, 2019). For Stockholm and Gothenburg, the queueing time required
for an apartment in the city centre averages over ten years. These factors contribute
to reducing job mobility (Ellingsen and Englund, 2003) and a ourishing market for

second-hand contracts, some of which are illegal (Sabo, 2017).

Moreover, landlords can prot from the so-called slurh strategy (Lind and Blomé,
2012) by allowing their properties to deteriorate if rent control ordinances do not provide

sanctions against under-maintenance (Turner and Malpezzi, 2003).

The most important sources of existing knowledge on dynamic matching concerning
overloaded waiting lists, which characterise the rental market in Sweden, come from
the work of Leshno (2022). The literature regarding public housing is mostly
US-focused, and less is known about the European context. Leshno (2022) argues
that the service-in-random order (SIRO) queueing policy is optimal and better than
the First-Come First-Served queueing policy. The latter is currently being adopted in
Sweden due to fairness and transparency. For a long time, it has been argued that
Sweden prefers queue time as an allocation criterion for rentals because it is equal for

all and does not consider other criteria, making it a transparent mechanism (Sabo,

1A slum in a developed country has a di erent de nition than in developing countries. In Sweden,
a slum is de ned as a housing estate characterised by squalor and a lack of maintenance and tenure
security (Lind and Blomé, 2012).



2017). The Discrimination Act (Diskrimineringslag 2008:567) stipulates that housing
companies cannot discriminate among individuals because of gender, ethnicity, religion,
sexual orientation or age (Sabo, 2017). However, in the rental market, a need exists
to investigate whether queue time acts in the same way as income in public housing
platforms. High-income earners might be able to own a second residence or aord to
wait long in the queue to get a high-quality apartment, while according to Baléo (2019),
lower-income people are left in a vulnerable position in the rental market. This thesis
investigates whether income a ects apartment quality, even for public platforms that do

not use income as an allocation criterion.

Economic theories provide insights for understanding the optimal design of waiting
lists in rental apartments. Wilhelmsson (2021) has estimated a hedonic waiting time
equation by investigating the relationship between queue time and apartment attributes.
This equation indicates a signi cant willingness to pay for rent-regulated apartments.
The introduction of the private platform HomeQ in 2016 addressed the willingness to

pay for a rental apartment with a shorter queueing time.

However, there exists a gap in the literature concerning how a reduction in rentals
supply a ects the queue time at public housing platforms. According to Barzel (1974), an
analogy between prices and queue time in waiting lists can be drawn. Literature on the
e ect of supply on housing prices highlights how a decrease in supply is highly correlated
with an increase in housing prices (Conefrey and Whelan, 2012). In the same way, in
section 4.1 we present how the decrease in supply should theoretically a ect the average

gueue time.

This study o ers insights for evaluating the policy regarding newly built apartments
on the Gothenburg municipality land being brokered only through public housing
platforms (Etezaz, 2022a). As of April 2023, this requirement has been dropped, but
out of the 2,343 newly built rentals built in 2022, 500 of these are still mediated through

Boplats since they were built on municipality land (Kruse, 2023).



3 The Rental Market in Swedish Public

Housing Agencies

This section provides background information regarding the rental market in Swedish
public housing agencies (i.e., Bostadsférmedlingen and Boplats). We present Figure 3.1

to show how the queue time has increased over the years by geographical area.

Figure 3.1. Average queue time in years for apartments in Stockholm by geographical
area from 2000 to 2022

Note: Data on queue time from Bostadsférmedlingen is joined with spatial polygon data
to get the average queue time by speci ¢ geographical areas (i.e., voting district) in R.



Figure 3.1 shows that a relatively short queue time for the public housing agency in
Stockholm in the early 2000s could provide an individual with a central location. While
in the 2010s, and especially after 2016, living in the city centre requires over 17 years of

waiting time.

In Gothenburg, the average yearly income is highest for individuals allotted a rental
contract in the popular areas of Majorna-Linné, Orgryte-Harlanda, and the city centre
of Gothenburg. This highlights a need to investigate income e ects at the public housing

agency where income is not an allocation criterion.

This is relevant to our research in two ways, rst, for the entrance of the private
platform, which aims to allocate apartments with shorter queue times. Secondly, to
investigate whether higher-income earners have a higher willingness to pay and can a ord

to queue for longer compared to lower-income earners (see sections 4.1.1 and 5.1.1).

4 Theoretical Framework

4.1 Theoretical E ects of Private Agency

Competition
This paper focuses on private-public competition in the rental market and welfare e ects
on low-income individuals. Theoretically, reducing the supply of goods causes their price
to increase. According to Barzel (1974), queue time follows the same mechanism as price
in waiting lists, so a decrease in rental supply would increase the average queue time
required to acquire them. To support this analogy, Appendix B.1 con rms that prices in

the housing market and queue times follow the same seasonal trends.

In this section, we present a theoretical model to investigate how competition from a
private agency (HomeQ) changes the allocation of apartments and queue times, a ecting
individuals at di erent income levels. The theoretical model, developed by Stennek
(2023), explains why a reduction in supply to public platforms should increase the average
waiting time in the public platform. The model predictions are empirically tested in

Appendix B.2.

The theoretical model is non-stochastic and static Stennek (2023). For this study,



apartment quality is de ned as size (i.e., apartment square metres) The utility of a
family residing in an apartment of a certain qualityq with rent p is determined by the

following expression:

u= q = p 4.1)

where parameter represents the family's requirement for quality, and g represents a
larger preference for quality than 5. ! denotes the family's marginal utility of income,

which is higher for low-income earners than high-income earners (i.e” > o).

The family's consumer surplus €S) is a conversion of the family's absolute utility
into a subjective measure expressed in monetary terms. Given that the family's

willingness to pay for quality () is de ned as , the CS is determined as
CS= qg p (4.2)

The number of families with willingness to pay is denoted with N( ). N BH

will also be written as NB" . It is assumed that higher-income earners have a higher
willingness to pay for quality ( B") and that low-income earners with a requirement for
larger apartments have higher than high-income families with a low need for quality

( Bt > SH). This is expressed as
BH 5 BL SH S SL: (43)

The total number of families at any given time isL N. Where N is the number of
new families (and families that die) each year, whilé is the number of years lived. In
the market, a supply of large apartmentsAg and a supply of small apartmentsAs is
available. The total supply of apartments is insu cient to accommodate all families,

resulting in an overloaded waiting list and the need for rationing:
N L>Ag+ Asg (4.4)

All families are assumed to prefer to live in a large apartment due to rent control policies

2While newly built apartments could be considered of higher quality, this study adopts size as the
measure of quality because, in the public housing platforms, big apartments with lower rent are more
attractive than smaller new apartments with higher rent.



that keep rents low and below market-clearing prices. Given that large apartments have
sizegg and rent pg, small apartments have a sizes and price ps, and that living in the

parental home hasy and po, the family preferences are organised as follows:

B P> G Ps> G Po (4.5)

Under rent control, we haveg;z > 2—2 and % > 32 , assuming that ps has a su ciently
small value. Where g isdenedasqg @, p aspi po,and4 CS()= g P

fori = B;S.

In this market, the demandis characterised by having a numbeN; of families waiting
in queue for a certain number of year3; before living in an apartment of a speci ¢ size

g for another set ofL T, years.

Lemma 1 states that a family decides to waitTg time for a large apartment instead of

CSg () L Ts
CSs() L Tg

This condition also determines that the order of families based on their willingness

a shorterTg time for a small apartment if the condition is ful lled.

to pay matches the order of willingness to wait. This is in line with Barzel (1974)'s

theory that price coincides with queue time in overloaded waiting lists.

L Ts
L T

The willingness to pay denoted by ful s 1 with equality. The demand
for big and small apartments is determined by a demand correspondence equation that
includes the share 2 [0;1] of indi erent families that prefer large apartments. The

demand for big apartments compared to small apartments is calculated using the following

formula;
L Ts X . L Ts
D = N ' + N
L T, o L Tg
> L TB
(4.6)
L Ts . L Ts
D = N ' +(1 N
S L Ts ( ) L Ts
; LT
'< L Ts

L Ts while the demand for small

L Tg
. . . . CS SL
apartments (Ds) is increasing in <. Given that = CSBSE SL)),

The demand for big apartments Dg) is decreasing in

the relative




demand for apartments is:

L T
L T L Ts '
. Ds ¢ Ts

The number of apartments available determines theupply of apartments each year. The

supply of small and big apartments is given by

A
Sg (Ts) = 3 B-I-

Ac (4.8)
Ss(Ts) = 3 STS

A fundamental attribute of the theoretical model is that longer queuing times result in
more apartments being o ered, leading to shorter occupation times and higher turnover.
The relative supply is determined by:

L Ts _ Sg(Te) _ Ag L Ts

e - -
L Ts Ss(Ts) As L Tg

(4.9)

In this market, the equilibrium is reached when the supply equals the demand for both

types of apartments. This is expressed as

L T

Sg (Tg) = Ds ] TS ;
) TB (4.10)
Ts)= D >
Ss (Ts) s T T,

Lemma 2 states that there is a unique waiting time in equilibrium, given byr 2

CSs (). css( ) _ CSe( ) —
CSs(BH)*  CSs( ) such that S(r) = I§(r ) Where CSE( y = r has

willingness to pay . In equilibrium, the consumer surplus for large and small

apartments is characterised by

4CSs( ) As

4CSs( ) As

(4.11)

3Note that the waiting time is shorter than the years lived (T, <L).
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Lemma 3 4 asserts that given that0< Ts < Tg <L and assumingt N > —&3e()

CSs( )
Ag + Ag, the equilibrium queue time for big and small apartments is speci ed as

Tg = L 1 A_B;

ve( ) N (4.12)
Ts=L 1 As |
ST vs( ) N

In equilibrium, the number of families preferring large and small apartments is
de ned as

Ng=vsg( ) N;

(4.13)
Ns=vs( ) N

The theoretical model predictions are empirically testédand provide the following
stylised facts about the rental market in Swedish public housing agencies:

Stylised Fact 1 : Large apartments require a longer queue time than smaller
apartments.

Stylised Fact 2 : High-income earners are, on average, allocated apartments of higher
quality than low-income earners. The latter assumes that the share of high-income

earners with a strong preference for quality is greater than that of low-income

. . BH BL
earners with the same preference (i.eganrsr et so)-

Stylised Fact 3 : High-income earners wait, on average, a longer time in queue than
low-income earners.

“For simplicity of notation, vs () andvg () respectively correspond to—cs— )c/fzﬂ )CASZ( s
cSs( ) A
and —=so 7 Ae +CSs( T AS”

5See A.1 in Appendix A for proof.
6See A.2 in Appendix A for proof and B.2 in Appendix B for empirically tested predictions.

11



4.1.1 Competition with private agency

This section examines the e ect of the entry of a private agency (HomeQ) on the allocation
of apartments at the public agency. When allocating apartments, the private agency can
use income as an allocation criterion. The theoretical model (Stennek, 2023) assumes
that landlords prefer high-income tenants because they are more likely to pay their rent

consistently.

The model assumes that the private agency receives a portiaifA\g of the large
apartments previously managed by the public agency and that these apartments are
allocated to high-income families with a strong preference for quality. It follows that the
demand for apartments at the public agency is reduced by

dN = dNB" = = dAg (4.14)

|~

Furthermore, Appendix A.3 proves that if dAg large apartments are removed from
the public platform, the waiting time for both large and small apartments will increase
at the public agency. This increase in waiting time for large apartments at the public
agency is due to the fact that some families who receive a large apartment will occupy
it for extended periods, reducing the availability of large apartments for other families in
each generation. Consequently, the waiting time for large apartments will increase at the

public agency.

4.2 Hypotheses
Based on the theoretical framework and model presented above, this thesis aims to

investigate the following hypotheses:

Hypothesis 1. The average queue time in public housing platforms increased after the

introduction of the private platform HomeQ in 2019.

Hypothesis 2: In public housing platforms, higher-income earners are allocated larger

apartments.

12



5 Data and Methodology

5.1 Data

This study uses two novel datasets, including information on rental apartments'
characteristics and individuals allotted the rental contract in Stockholm and

Gothenburg.

The rst dataset’ is provided by Bostadsformedlingen, the public housing company
active in Stockholm. This novel dataset includes 231,497 observations from 2000 to 2022.
The second datasétis from Boplats, active in Gothenburg, and provides information on
51,358 rental contracts between 2014 and 2022. This time period allows us to investigate

the e ect of the entrance of the private agency HomeQ into the market.

Both datasets are pooled cross-sectional datasets that include each rental contract
as a separate observation, and contracts and properties that vary from year to year. The
advantage of this type of data is that a high number of observations tends to improve the
precision of the econometric estimates. We learn about relationships among variables by

studying di erences across entities (Stock and Watson, 2020).

Table 5.1 illustrates the descriptive statistics for the variables relevant to this study
(i.e., covariates that could a ect queueing time). We report the de nition of the variables
in Appendix B.4. Table 5.1 includes both mean and median to control for whether
the variables are skewed, while the standard deviation of the variables is presented to
understand the spread of the dataset. The dependent variables presented in Table 5.1
are continuous, and comparing their mean and median allows controlling for large outliers.

Since the mean and median values are not signi cantly di erent, it is reasonable to assume

"This novel dataset provides information regarding the Date of The Contract, Municipality, Postal
Address, District, Street Address, Number of Rooms, Square Metres, Type of Queue, Name of the
Queue, Rent (Sek), Square Meter Rent per Year (Sek), Housing Company, Level, Type of Apartment,
Applicant's Age at the Time of Allocation, Queue Time (in years), The Applicant's Moving Out Postal
Address at the Time of Allocation, Type of House.

8This novel dataset includes the following variables: Date of contract, Number of applicants, Area,
Street name, Square metres, Number of rooms, Rent, Landlord, Type of apartment, Queue time when
signing contract, Income when signing (stated by applicant), where income is measured per person
and not per household, Gender of the applicant (from personal number), Age (from personal number),
Current type of residence (stated by applicant).

13



that the dataset does not su er from large outliers. Finally, during the data cleaning
process, incorrect values probably arising from typos were removed (e.g., negative values

for age and queue time).

For the rst hypothesis®, the dependent variable is queue time. Queue time ranges

from O years (i.e., a couple of months) to 17.98 years, and its mean is 5.47 years.

For the second hypothesis, the dependent variable is square apartment metres which

will account for apartment quality, and it has an average of 56.61 sgm.

For the covariates (see Table 5.1), the mean number of applicants for an apartment
on the public platform is 688, highlighting the high demand for apartments. The number
of rooms averages 2, and the mean rent is 6,374 SEK per month, which, as stated by
Wilhelmsson, Andersson, and Klingborg (2011), is below market clearing prices for the
bigger Swedish municipalities. The average age is 35, and the mean yearly income is
432,291 SEK. It is worth noting that the income is self-reported by the individual on the

public platform.

Table 5.1: Descriptive statistics of apartments’ and individuals' characteristics in
Gothenburg

Obs  Mean Median SD Min  Max
Queue time (in years) 51298 5.474 5.326 2.723 0 17.975
Number of applicants* 51298 688.067 402.000 769.705 1 7294
Sgm 51298 56.614 56.000 20.522 9 295
Number of rooms 51297 2.108 2.000 .899 1 8
Rent (SEK) 51298 6374.299 5862.000 2517.815 1070 32160
Income (yearly) 51139 432291.44 375000.000 288205.98 O 4457200
Age 51298 35.313 31.000 13.172 18 100

*The number of applicants for each apartment on the public platform

9The econometric analysis is done in STATA and R. The main R packages used are sdmTMB and
tidyverse , following the guidelines o ered by Schielzeth (2010), Brooks et al. (2019), and Cichulska and
Cellmer (2018).

14



5.1.1 Raw Relationships

In this section, the data is analysed descriptively, and some raw relationships between the
dependent variable, queue time, and the covariates are presented. Figure 5.1 illustrates
the increase in the average queue time to get an apartment on Boplats in Gothenburg
from 2014 to 2022. Figure 5.1 shows that the average waiting time kept increasing after

the entry of the private agency HomeQ in 2019.

Figure 5.1: Average queue time in years in Gothenburg from 2014 to 2022

The second research question of this study investigates whether there are signi cant
di erences in waiting times and apartment quality between low-income and high-income
earners. Figure 5.2 shows a positive relationship between income and queue time. More
in detail, the lowest income quintile has the lowest average queueing time. This raw result

is supported by the theoretical model presented in section 4.1.

15



Figure 5.2: Relationship between average queue time in years and quintiles of income in
Gothenburg

As can be seen in Figure 5.3, the average waiting time over the years is higher
for individuals that, before getting allocated an apartment from Boplats, had a right
of residence and for individuals who owned a villa or terraced house. On the other
hand, individuals that lived in a second-hand apartment or rented a room in someone
else's apartment waited, on average, a shorter time before getting an apartment from

Boplats.

These di erent waiting time patterns align with the intuition that individuals with a
more stable current accommodation, compared to a second-hand contract, can a ord to

wait in the queue for a more extended period to get their preferred apartment type.
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Figure 5.3: Average queue time over the years for individuals that have di erent types of
current place of residence

Validating the theoretical model's predictions (section 4.1), Figure 5.4 highlights
that higher-income earners get, on average, larger apartments (measured by the number

of rooms).

Figure 5.4: Average number of rooms for apartments based on quintiles of income. Lowest
income earners are marked with 1, while highest income earners are marked with 5
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Figure 5.5 shows the correlation matrix for the variables included in the study.
Strong colour intensity indicates a high correlation between the variables, while the less

colour-intense cells indicate a smaller correlation.

There is a high correlation between the sgm and number of rooms variables;
therefore, both variables cannot be included in the regression since this would create
a multicollinearity issue, making it impossible to compare e ect sizes (McElreath, 2018).
There is a positive relationship between rent and size (i.e., sqm and number of rooms).
As identi ed by Wilhelmsson (2021), the rent has a low correlation with the number
of applicants since more people apply for an apartment if it has cheaper rent. Other
variables, such as income, have a weaker relationship with rent. Income has a low
correlation with age which might stem from the fact that people aged 65 to 100 are

pensioners. On the other hand, age is positively correlated with the other variables.

Figure 5.5: Correlation matrix
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5.2 Method

Since a control group is unavailable for this study, we cannot identify the causal e ect
of introducing the private platform on the average queue time in the public platforms.
Instead, we aim to isolate that part of the di erence in queue time before and after HomeQ
entered, which cannot be explained by changes in other factors linked to the increase in
gueue time. Examples of such variables related to queue time include apartment size,

location, rent, the current type of housing, and the applicant's age and income.

Segmented regression of interrupted time series (ITS) is utilised due to the absence
of a control group for this study. The key idea of the method is to analyse the e ect of
an intervention on a time series by examining changes in the trend and level of the series

before and after the intervention (Verbeek, 2012).

In time series analysis, an interrupted time series refers to a sequence of observations
collected over time, where the intervention (i.e., the entrance of HomeQ in the market)
is introduced in 2019, causing a disruption to the underlying trend. The segmented
regression of interrupted time series method aims to estimate the e ect of this intervention
by modelling the time series as two separate segments: the pre-intervention segment
and the post-intervention segment. The modelling framework follows Brooks et al.
(2019).

The method involves tting a regression model to the data incorporating a binary
variable that represents the time points before and after the intervention. The model
estimates separate intercepts and slopes for the pre- and post-HomeQ segments, by
allowing the binary variable to interact with the time variable (year). This allows for
a change in the level and trend of the time series after HomeQ in 2019. If there is a
di erence in the estimated intercept and slope, then this di erence might be the result

of the intervention.

Three assumptions must be ful lled to utilise segmented regression of ITS analysis:
the trend over time needs to be linear, the residuals need to be independent (Li et al.,
2021) and we can describe the data-generating process with a statistical distribution. The
rst assumption means that the model assumes that the change in the response variable

over time can be described by a straight line. The second assumption means the errors
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or randomised quantile residuals (Dunn and Smyth, 1996) (the di erences between the
observed response variable values and the predicted values from the segmented regression
model) are not correlated with each other. The third assumption means that the model
residuals follow a statistical distribution. We can use the segmented regression of ITS
analysis since the two methods' assumptions are ful lled. The assumptions are tested
graphically. See section 5.1.1 for the linearity assumption, and for the distributional
assumptions, we use QQ (quantile-quantile) plots (see Appendix B.5), which is a standard
visual test to see if quantiles of the tted distribution are in line with the observed. The
independence test were done as a part of data exploration and are not included in the

supplement.

The main limitation of this method is that we cannot infer causality for the entrance
of HomeQ on the average queue time at the public platform. This is due to the fact that

the model does not utilise a control group.

Our model is a generalised linear mixed modélbecause it includes both xed

e ects and random e ects (area and neighbourhoods), and because we generalise the
model to account for non Gaussian residual distributions. With random e ects, we can
borrow information across areas and account for unobserved heterogeneity. The latter
could arise from di erences in demand, where di erent areas may have varying levels of
demand for public housing, which can lead to di erences in queue times. For instance,
some areas may have a higher population density or a greater number of individuals
seeking a ordable housing, resulting in longer queue times compared to areas with lower
demand. Unobserved heterogeneity could capture factors such as the availability of
alternative housing options or new constructions that a ect the demand and supply of
public housing in di erent areas. These local housing market conditions can impact queue
times. Finally, unobserved heterogeneity may account for social and demographic factors
speci ¢ to each area that in uence queue times. For example, certain areas may have
higher concentrations of speci ¢ demographic groups or face unique social challenges,

a ecting the demand for public housing and subsequently impacting queue times.

By incorporating areas as a random e ect, we allow for the estimation of the

0Estimation is performed in the R package sdmTMB via maximum marginal likelihood with the
objective function calculated in the R package TMB and minimised in R with the random e ects
integrated over via the Laplace approximation (Anderson et al., 2022a).
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variability in queue times across di erent areas, capturing the unobserved factors that
contribute to heterogeneity in the data. This approach helps account for the in uence of
area-speci ¢ characteristics that may not be explicitly captured by the variables included

in the model.

With a xed area-e ect, each area only gets information from itself, possibly leading
to uncertain estimates for some areas that have a small sample size. By treating it as
a random e ect, especially uncertain areas with small sample sizes will be pulled to the
global mean, since all areas together are assumed to belong to a normal distribution in
the mixed-e ect modelling framework, making them less extreme (i.e., shrinking). This
is robust to low sample sizes in certain areas. This robustness is needed because some
districts are under-represented in the data (e.g., the popular district Landala appears
over 1.000 times, while some other neighbourhoods appear only a couple of times in the
data, making it di cult to compare them). We want to use a mixed model to use areas
as random e ects because we have many levels, and we want to acquire shrinkage (i.e.,

reducing sampling variation in the e ects) (Gelman et al., 2004).

We include year as a xed e ect to control for aspects that cannot be included (are
unobserved) in the regression and do not vary over time. A year xed e ect can capture
the in uence of broader economic conditions on queue times. For example, during the
Covid-19 pandemic, the demand for apartments at the public housing platforms might
have decreased due to the impossibility of visiting apartments in person, leading to shorter
gueue times. A year xed e ect can help account for this common in uence across all
areas within a speci c year. Including year in the model allows for estimating the impact
of other variables of interest, such as income, rent, and apartment size, while accounting
for the year-to-year variations in queue times that are not explained by the included

covariates.

This method has been used in previous studies for housing market analysis by
Cichulska and Cellmer (2018). The authors use a mixed model that includes both random
e ects and interaction between variables. This is done in order to take into account
both spatial heterogeneity and the e ect of individual features on the variable of interest
(Cichulska and Cellmer, 2018).

We cannot use OLS because it is too heavily tailed in the Q-Q Plot, as we can see
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in Figure 7.8 in Appendix B.6. The interpretation of the Normal Q-Q Plot is that if the
randomised quantile residuals, conditional on the model, are normally distributed, the
points will lie on the 45-degree reference line. While a Di erence-in-di erences (DiD)
would have been optimal to estimate the e ect of HomeQ's entry into the market, this
method cannot be employed in this study due to a lack of areas not exposed to treatment
(i.e., there is not a control group). Following Li et al. (2021), DiD can be used to assess

the impact of an intervention when an appropriate comparison group is available.

5.3 Model Speci cations

This study uses a generalised linear mixed model (GLMM) to analyse the e ect of the
introduction of the private agency HomeQ on the queue time for apartments provided
by public platforms. The same model is adopted to investigate the second research

guestion.

To assess the ability of covariates (see section 5.1) to explain the variation in queue
time, we t a generalised linear mixed-e ects model (GLMM) to the queue time factor (in
location s and time t). We use a Student-t distribution because initial data exploration
suggested the presence of tails in the distribution of residuals in a QQ-plot when using a
Gaussian distribution, and is the degrees of freedom (the parameter describing the
width of the tails, or the level of extreme values) that we set to 7. The Student-t
distribution with this low degrees of freedom is helpful for modelling data that could
otherwise be suitable for Gaussian but needs an approach robust to outliers (Anderson

et al., 2022b).

Queue timg Studentt(;; ) (5.2)
= ji1+t 1(Number of rooms)+ ,(Rent)+ 3(Age)+ 4(Income) (5.2)

J

i N : 2 for Districts_fj=1, :::,J (5.3)
]

In equation 5.1, Queue time represents the queue time factor in years, in order to be
able to use continuous probability distributions with more exibility,  represents the
mean, and represents the scale parameter. Equation 5.2 shows our covariates, while

5.3 is the random district e ect (which we assume is normally distributed).
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The main advantage of the linear mixed model is that it allows to take into
consideration xed and random e ects. We want to use a mixed model to use areas
as random e ects because we have many levels, and we want to acquire shrinkage (i.e.,

reducing sampling variation in the e ects) (Lindmark, 2023).

The Gaussian distribution has heavy tails (see Figure 7.7 in Appendix B.6).
Therefore, we use a Student-t distribution. We use student distribution with 7 degrees
of freedom because this model allows us to account for tails (see Figure 7.6 in Appendix

B.6).

For the second research question investigating the e ect of income on apartment
size Sqgm), we include covariates forQueue time, Rent, Number of applicants for an
apartment on the public platform, Age, Income, Current housing, and whether the

apartment is aNew production (see 5.5). The equation is given by:

Sgm Studentt(;; ) (5.4)
= i+ 1(Queuetime)+ ,(Rent)+ 3s(Number of applicants)+ 4(Age)
+ sg(Income) + ¢(Currenthousing) + 7(New production) (5.5)

i N ;2 | forDistricts_fj=1, :::,J (5.6)
J

]

Following Schielzeth (2010), we scale the variables to make them comparable, even though
they are in di erent units. This means removing the mean and dividing by the standard
deviation. Scaling has the e ect that when the variable is O, it is the mean level of the
variable, and once it increases with one unit, it increases with one standard deviation.
This is good for computing e ciently and means the coe cients are comparable even
though they are on di erent scales. If the parameter estimate for the number of rooms

is 5, and the rent is 10, we can say that the e ect of rent is twice as strong.
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6 Results and Analysis

6.1 Results

We nd a signi cant association between the entrance of HomeQ in the market and the
increase in average waiting time in the public housing agency active in Gothenburg (i.e.,
Boplats). More speci cally, the model indicates an average of 200 days increase in queue
time after the introduction of HomeQ (see Figure 6.1). As shown in Figure 6.1, queue
time increases over the years, but after 2019 (i.e., the introduction of HomeQ), it increases

more slowly with time.

Figure 6.1: Predicted queue time over the years before and after the introduction of
HomeQ in 2019

Note: The y-axis displays the predicted queue time in years. All continuous variables
are held at their means (zero, because the covariates are scaled), 3 bedroom at, current
housing is set to Tenancy (i.e., Hyresratt) and the area is set to Goteborg Centrum
(second most common level).

Table 6.1 presents the main results for the rst research question. The model in
Table 6.1 tests the hypothesis that the average queue time in public housing platforms
increased at the same time as HomeQ entered the market. The variables are scaled, which

makes the interpretation straightforward.

The segmented regression output in 6.1 indicates that the entrance of the private

HomeQ has a statistically signi cant positive association with queue time. This is
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consistent with the idea that HomeQ had an e ect of increasing the queue time. However,
we cannot know that it is a causal e ect since other factors that have not been included

in this study may have changed at the same time.

In line with our theoretical framework, the variablesnumber of roomsand income
are statistically signi cant and have a positive sign. Moreover, as theoretically predicted,
rent has a negative estimate; more speci cally, a unit increase in rent decreases queue

time, on average, by 0.7, keeping everything else constant.

For the current housing type, the estimates' results follow the intuition highlighted
in the raw relationships section. The estimated parameters for theght of residence
(i.e., Bostadsratt) is positive and statistically signicant. On the other hand, the
estimated parameter forhotel or hostel and living in second handare negative and
statistically signi cant. These results support the theoretical intuition (see section 5.1.1)
that individuals with a more stable current living situation can a ord to wait in the queue

for longer periods.

From Figure 6.2, we can see that the estimates are signicant. The 95%
con dence interval does not overlap zero. Our large data allows the estimates to have
small con dence intervals. This can be seen in Figure 6.3, apart from the variable

tenancy.

Finally, the interaction term between year and HomeQ is negative and statistically
signi cant, implying that, for each additional year, the queue time decreases more slowly
from the year when HomeQ is introduced. While the entrance of HomeQ might have
contributed to a jump in queue time, the queue time has increased at a slower rate after
its introduction, and this might be due to two possible explanations. First, there might
have been a synergy between the public and private companies leading to a slower increase
in queue time. Secondly, the slower rate at which queue time increases is confounded with

the Covid-19 pandemic years. The latter argument is expanded in section 6.2.
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Table 6.1: Generalised linear mixed model t by maximum likelihood

Queue time
Estimate Std. Error

(Intercept) 4.43 *** 0.30
Number of rooms (scaled) 1.01 *** 0.01
Rent (scaled) -0.70 *** 0.01
Age (scaled) 0.22 *** 0.01
Income (scaled) 0.011 *** 0.01
Year (scaled) 1.37 *** 0.03
HomeQ (Yes) 0.52 *** 0.04
Current housing

Other -0.59 *** 0.08

Living in second hand -0.61 *** 0.06

Right of residence 0.23 *** 0.06

Parental home -0.26 0.07

Hotel or hostel -0.81 * 0.16

Tenancy -0.08 0.05

Inhabitant -0.45 ** 0.06

Student apartment -0.19 0.07
Year (scaled)O HomeQ(Yes) -1.04 *** 0.04
Observations 50,998
Signif. codes: 0 ™* 0.001 *' 0.01 *0.05.'0.1 "1

Note: Mixed e ect model with "sdmTMB" package in R.
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Figure 6.2: Parameter estimates from the Student-t model relating queue time to
covariates

Note: Error bars depict the 95% con dence interval.

Figure 6.3: Parameter estimates from the Student-t model relating queue time to
covariates

Note: Error bars depict the 95% con dence interval.

For the rst research question, Figure 6.4 shows that the estimated queue time

matches quite closely the average queue time by district (e.g., Majorna-Linné).
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Figure 6.4: Random e ect (area) estimates from the Student-t model relating queue time
to covariates, in relation to average in the data

Note: Average and estimated queue time in years by district (red and blue, respectively).

Table 6.2 presents the estimates for the second research question. The model in
Table 6.2 tests the hypothesis that in public housing platforms, where income is not an

allocation criterion, income level positively a ects the size of allocated apartments.

The mixed model regression output in Table 6.2 indicates that income has a small
but statistically signi cant association with apartment square metres. This is consistent
with the Stylized Fact 2, from the theoretical framework, stating that the average quality
of apartments allocated to high-income earners is larger than the average quality of

apartments allocated to low-income earners.

In line with our theoretical framework, the variablesrent and number of applicants
(for an apartment at Boplats) are statistically signi cant and have a positive sign.
Moreover, age and queue time have a positive sign and are statistically signi cant;

more speci cally, a unit increase inqueue timeincreases the apartment square metre,
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on average, by 0.726, keeping everything else constant.

The results for the current housing type follow the intuition highlighted in the raw
relationships section. The estimated parameters f@arental homeand student apartment
are negative and statistically signi cant. These results support the theoretical intuition
(see section 5.1.1) that individuals with a less stable living situation may be willing to

accept a lower-quality apartment (i.e., a smaller apartment).

For the new productionvariable, Table 6.2 illustrates how an existing apartment is
positively associated with size. This is due to the fact that newly built apartments
are, on average, smaller than already existing apartments. Finally, we do not nd
evidence of an impact offenderon apartment quality since the estimate is not statistically

signi cant.
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Table 6.2: Estimates from regression with district as random e ect and robust standard
errors

1)
VARIABLES Sgm
Queue time 0.726***
(0.0223)
Rent 0.00706***
(3.25e-05)
Number of applicants 0.00573***
(6.26e-05)
Income (log) 1.159%**
(0.0843)
Age 0.0871***
(0.00383)
Current housing
Living in second hand -0.719*
(0.370)
Right of residence -1.070%**
(0.365)
Parental home -1.838***
(0.367)
Hotel or hostel -0.422
(1.021)
Tenancy 0.192
(0.328)
Inhabitant -0.425
(0.342)
Student apartment -2.635***
(0.374)
Own a villa or terraced house -0.641
(0.430)
New production
No 17.71%**
(0.191)
Gender
Male -0.0753
(0.0952)
Constant -29.94***
(1.101)
Observations 50,856
R-squared 0.733

Robust standard errors in parentheses
*** n <0.01, ** p<0.05, * p<0.1

30



6.2 Robustness Checks
In this section, we present a robustness check for this study. For the rst research question,
we present an alternative time speci cation by changing the breakpoint from 2019 to

2020.

As Abadie (2021) recommends, we shift the treatment date (i.e., the introduction
of HomeQ in 2019 in Gothenburg) earlier in time to evaluate the estimator's credibility.
The estimator gains credibility if backdating highlights an absence of estimated e ects
prior to the treatment date. We tried tting fake breakpoints to 2016, 2017, 2018, and
2020. These years give a minimum of three years on each side of the segment, which is
the minimum requirement to do a segmented regression (Li et al., 2021). By using the
Akaike information criterion (AIC) or root mean squared error to evaluate how well the
models t the data they were generated from, we nd that the models with breakpoints
in 2019 and 2020 t the data better compared to the models with breakpoints in 2016,
2017, 2018, and the model without a breakpoint.

Figure 6.5 illustrates a delicate issue because the e ect of the intervention is quite
di erent depending on whether the breakpoint is in 2019 or 2020. A possible argument
to justify the di erent shifts in queue time after the intervention would be that HomeQ
was introduced in 2019, but it took some time (around a year) for the private landlords
to join. From Figure 7.2 (in Appendix B.3), we can see that the number of landlords

supplying apartments to Boplats reduced starting in 2018.

Secondly, in 2020 there is a confounding e ect from the Covid-19 pandemic. Due to
the absence of a control group that is not subject to the Covid-19 pandemic, it is not
possible to separate the e ect of the entrance of the private rm in the market from the

e ect of the Covid-19 pandemic.

We have clear statistical evidence that a change occurred to queue times in 2019 or
2020. Before the breakpoint year 2019, nothing happened except a steady increase over
time. During this time, there have been two major interventions: HomeQ in 2019 and

Covid-19 pandemic in 2020. It is not possible to separate these e ects.
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Figure 6.5: Breakpoint in 2019 and breakpoint in 2020

Note: The y-axis displays the predicted queue time in years.

The test with a breakpoint in 2020 might have the best explanatory power (followed
tightly by the breakpoint in 2019), but it is also 100% confounded with Covid-19, and
we t a slope to only three years of data (2020, 2021, and 2022 give the slope). This is
the absolute minimum to estimate a slope since we cannot estimate the slope with only

two years (Li et al., 2021).

We also note that 2021 had a low queue time compared to both 2020 and 2022.
This is why the breakpoint in the 2020 model says the queue time decreased after the

intervention. 2021 is probably the main year a ected by the Covid-19 pandemic.

The main result is that the slope and value di er pre- or post-HomeQ. There is a
possibility for the model to better t data by having the breakpoint in 2020, but this
would imply having only three years' worth of data in the after-intervention segment, and
all years are under the Covid-19 pandemic. Finally, we again state that this study nds

a statistical association, not causation.
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6.3 Discussion

The results illustrated in section 6.1 indicate a statistically signi cant association between
the introduction of the private agency HomeQ in 2019 and the increase in queue time at
the public platform Boplats. This result is robust to backdating the intervention earlier

in time, as Abadie et al. (2010) recommended. Since several time periods are available, it
is ensured that past treatment years do not predict the outcome through placebo checks.
As stated by Zhang et al. (2022), given the size and dispersion of the data, our results

are a good prediction for the average individual rather than for the individual.

Secondly, the results suggest a positive statistically signi cant relationship between
income level and quality (measured by apartment size) at Boplats, where income is not
an allocation criterion. This result is in line with the theoretical framework and the raw
relationships presented in section 5.1.1, which highlight how higher-income people might

be able to wait longer in the queue for bigger apartments.

It has to be noted that a limitation of this study arises from the fact that other
events, such as the Covid-19 pandemic, took place in the analysed time period that could
have had a confounding e ect. As suggested by Li et al. (2021), it is important to take
into consideration the magnitude of these other events or interventions during the study
window. A second limitation of this study, relating to the second research question,
is that even under rent control (Ellingsen and Englund, 2003), bigger apartments
are more expensive; therefore, higher-income individuals can aord these types of

apartments.

However, as stated by Leshno (2022) and Barzel (1974), queue time can be used
to ration apartments when the rent is set below the market price (i.e., in rent-controlled
markets) so that bigger apartments allocated by public housing platforms, should be more
highly associated with queue time than income levels. Evidence for this relationship is

found in the results section 6.1.

A nal limitation of this study is the absence of a control group. Due to the lack
of an untreated group, this study does not reach causal identi cation but o ers insights

into statistically signi cant associations.

33



7 Conclusion

This study investigates the link between the introduction of a private company in 2019,
which reduced rentals supply to public platforms, and the increase in waiting time on
public platforms. Moreover, it investigates whether, on average, lower-income individuals
get assigned lower-quality apartments at public housing platforms where income is not an

allocation criterion. For the econometrics analysis, a linear mixed model is utilised.

The results in this thesis indicate an association between the entrance of the private
rm HomeQ in the market and the increase in queue time in the public housing platforms.
However, it is found that after the introduction of HomeQ in 2019, the queue time
increased at a slower rate than before its entrance into the market. Secondly, this thesis
nds that income is positively associated with apartment quality in the Gothenburg public

housing platform, where income is not an allocation criterion.

The results regarding queue time and apartment quality based on income provide
valuable insights for policy implications. This study o ers an analysis useful for the public
debate in Gothenburg on whether newly built apartments, built on the municipality soil,
should be uniquely brokered through the public platforms and not privately (Etezaz,
2022a). Moreover, it o ers insights into whether a supply reduction at the public
platform increases queue time. The latter is due to having major private landlords
such as Wallenstam, Stena Fastigheter and Balder leaving the public platform (Kruse,
2023).

A possible policy solution to counterbalance the increase in waiting time due to the
introduction of HomeQ in the market would be for the public housing platforms to adopt
the service-in-random order queueing policy proposed by Leshno (2022). SIRO would

allow reducing misallocation and welfare loss.

In the case of rent-controlled apartments, there is a lack of studies regarding the
e ect of private competition on queue time in public housing. This study provides a

contribution to this eld.

Regarding external validity, this thesis focuses on a uniquely Swedish issue regarding
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rent-controlled apartments administered through queue time by public housing platforms.
Since this market structure is not found to a similar extent in other contexts and
other countries, the results presented in this thesis cannot be generalised to other

countries.

A recommendation for future research would be to investigate how introducing a
lottery system would a ect the waiting list design in the market for rentals in Sweden.
Following the work of Dijk (2019), it is shown that introducing randomness via lotteries

could positively a ect low-income individuals and immigrants.
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Appendix A

A.1 Proof of Lemma
The waiting time for big and small apartments follows the ordeD < Tg < Tz <L and
the relative waiting time, in equilibrium, is given by

L Ts
L Ts

The market-clearing conditions are de ned as

Ng (L Tg)= As
NS (L Ts): AS:

Then, the number of families preferring big and small apartments is obtained by

L Ts =r (L TB)

Ns r (L Tg)= Asg;

Ns=N Ng

Using 32

|~
~|—
—_

CSs( ) As

= N
4CSs( ) Ag+4CSs( ) As

Ng

CSs( ) As

= N
4CSs( ) As+4CSs( ) As

Ns
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Moreover,
Ng (L Tg)= Asg

L T_AB_ Ag _r Ag + As Ag
B NB - TABA+BAS N r AB N

So that waiting time for big apartments is:

r Ag+ As Ag
T = L - 2 =
® r Ag N
Similarly for small apartments:

Ns (L Ts)= As;
r Ag + Asg Aﬁ

TS =L AS N
Using Ccss‘z(( )) = r, we obtain the equilibrium waiting time for big and small
apartments:
T =L CSs( ) Ae+4CSs( ) As As
5 CS( ) As N
To=L 4CS () As+4CSs( ) As As,
5” 4CSs( ) As N

It is noted that Tg > Tg asr > 1landthat Ts <L asr > 1> 0. The condition for

Ts>Oisthat L N>r Ag+ Ag,ier <LNABASl

4CSs( )

- N> aes0)

Ag + As

A.2 Theoretical Model Implications
At the public agency, the waiting time varies with the quality of the apartment in the
following order:

0<Ts<Tp<L

The table below shows that if s EHNSH NBLNELNSL then the share of high-income

earners with a large apartment is larger than that of low-income earners.
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Area N I . Il
Share of people with high income that get big apartmenk 0; NB&‘ iHN - - NB,L\‘ EHNSH i
Share of people with low income that get big apartment 0 0; ﬁ

A.3 E ect of Supply Reduction on Waiting Time

At the public housing agency, a shareAg of big apartments is removed. Here, the e ect

on the waiting time for big apartments is demonstrated:

Ty = L CSg( ) A+ CSs( ) As Ag

CS: () As N
T =L CS( ) As+ CSs( ) As 1
o CSs () N
1 CSs( ) Ag+ CSs( ) As 1 dN
= = = " dA
o= § e~ CSs () NZ dA; O
Where dN is de ned asdNB" = % dAg
dTs _ £+ CS( ) Ae+ CS( ) As 1 1
dAs N CSs( ) N2 L
da _ 1 | 1 Ae
dAs N L vs( ) N
dTs 1
dAs N L Te <0

If a share of big apartmentsdAg is removed from the public agency, the e ect on
the waiting time for small apartments is:

Te= L CSg( ) A+ CSs( ) As As

CS () As N

Te= L CSg( ) A+ CSs( ) As i

CSs( ) N

_ CSs( ) 1 Ce( ) A+ CSs( ) As 1 dN
M= s () N Pt () NZ dAs O

dTs _ 1 L CSs( ) As+ CSs( ) As 1 CSs( ),
dAs . N L CS () N CSs( )

e . 1 . CS()_dh

dAs . N L CSs( ) dAs
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Appendix B

B.1 Seasonal trends

To support the analogy between price and queue time in waiting lists o ered by Barzel
(1974), we control that the average queue times follow the same dynamics as housing
prices. Conefrey and Whelan (2012) state that, in both the US and the U.K., housing
prices are higher in the Summer, while they are lower in the Winter. In Figure 7.1, we
can see how the average queue time follows the same trend as housing prices (i.e., the

average queue time is highest in the Summer).

Figure 7.1: Average queue time by month in Gothenburg

B.2 Theoretical Model Predictions
1. Table 7.1 shows that the average queue time is longer for bigger apartments.

Therefore, con rming the model's prediction thatTg > Ts.
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Table 7.1: Average queue time (in years) for small apartments (i.e., 1 room) and big
apartments (i.e., 4 rooms) in Gothenburg

Year Small Apartment Big Apartment

2014 3.535 3.685
2015 3.453 3.843
2016 3.663 4.116
2017 4.023 4.887
2018 4.89 5.42

2019 5.268 6.755
2020 5.571 8.045
2021 5.336 8.279
2022 5.301 8.751

2. Table 7.2 shows that the average quality of apartments, measured as size (i.e.,
number of rooms), is larger for high-income earners than the average quality of

apartments allocated to low-income earners.

Table 7.2: Average number of rooms of apartments allocated to high-income and
low-income earners in Gothenburg

Year Low-income High-income

2014 1.783 2.312
2015 1.427 2.413
2016 1.367 2.469
2017 1.62 2.533
2018 1.651 2.672
2019 1.699 2.702
2020 1.699 2.645
2021 1.707 2.719
2022 1.737 2.765

3. Table 7.3 conrms the model's prediction that the average waiting time among
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high-income earners receiving an apartment is longer than the average waiting time

among low-income earners.

Table 7.3: Average queue time (in years) for high-income and low-income earners in
Gothenburg

Year Low-income High-income

2014 3.567 4.105
2015 3.461 4.373
2016 3.603 4.306
2017 4.308 4.716
2018 5.211 5.944
2019 b5.61 6.68

2020 5.699 8.019
2021 5.466 7.77

2022 5.489 8.795

B.3 Landlords supply

Figure 7.2: Average number of landlords that supply apartments over the years by target
group including a tted line
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B.4 Variables De nition

~

Income variables: Individuals with a higher income might a ord to own a primary
home while waiting in the queueing system. Since they can a ord to stay in the
gueue for long periods, the average queue time might increase. Income levels when

signing the rental contract are provided by Boplats.

Supply variables: A lower supply of rentals can increase the average queue time to
get an apartment. Theoretically, if the number of people waiting in queue stays the
same but the number of apartments available decreases, the waiting time increases.
On the other hand, newly built constructions are a positive supply shock that can

decrease the average queue time.

Spatial variables: The closeness to the city centre increases the attractiveness
of an apartment, increasing the average waiting time. Addresses' information is

aggregated spatially through shape les of voting districts.

Apartment variables:  Apartments located above the ground level are attractive,
and apartments with more rooms are more attractive than smaller apartments. A
positive relationship exists between apartment size and queueing time (see Table
6.1).

Individual variables: Information regarding the gender and the age of the
individuals who get the contract is included to account for whether an older person

waits on average more years in the queue before applying for an apartment.

Rent variables: For apartments of the same size and quality, a lower rent is

attractive and increases the average queue time.

Areas variables: An attractive neighbourhood is expected to have a higher waiting

time.
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B.5 Residuals

Figure 7.3: Residuals for tted model "nb"

Note: We look at the Residuals (using the Dharma package in R).

Figure 7.4: Residuals for tted model "gamma"

Note: We look at the Residuals (using the Dharma package in R).
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