Quantification of the immigration effects on rents in
Canton Zurich between 2009-2013

Brice Hoffer

Supervision:

Prof. Dr. Kay W. Axhausen
Georgios Sarlas, MSc
Patrick Schirmer, MSc

Semester Project
Spatial Development and Infrastructure Systems September 2014

H%Insﬁtut flir Verkehrsplanung und Transportsysteme m
]

nstitute for Transport Planning and Systems . . . o
Eidgendssische Technische Hochschule Ziirich

Swiss Federal Institute of Technology Zurich



Acknowledgement

I would like to thank Prof. Kay W. Axhausen for lgsidance and very useful advice. Indeed,
each meeting together allowed me to better figutetiee main points of the thesis and to im-
prove my approach. | also thank a lot GeorgiosaSdidr his great support and help. In fact,
he was always available to answer my question® give me advice on the statistics soft-
ware R. Furthermore, he spent a long time to peeglae data | have used in this thesis. |
would like also to thank Kirill Maller, who did argat job by providing the web based data.
Finally, | would like to thank all the persons &éfied to the Institute for Transport Planning
and Systems of ETH Zurich who have realized studiea similar thematic and whose back-
ground supported me by realizing this study. Mospeeially, my thanks go to Patrick

Schirmer and Raphael Fuhrer, whose works inspiredartot. Indeed, they computed, in the
context of their research, part of the data thased in this thesis.



Table of contents

1

10T [ o 1o o 1
(272 Tod (o [ (o 10 ] o 2
P2 A = {=To [ o] o = 0 T [T= o [ U PU P UOUPPPRRRR 2
2.2 Immigration into SWItZErland..............ooouiiiiiiiiii e 4
2.3  Situation of the Swiss real estate market ..........ccccooviiiiiie i 7
2.4 Immigration effects on real estate markets...............oeeiiiiiiiii 10
Hedonic pricing Methodology -.......ooeeriiiiiiee e 11
0 = 7= Tox (o [ {010 o PSSP 11
3.2 Spatial data related ISSUES ..........ueeiiiiiiiiiiiiiie e e 12
3.3 Spatial simultaneous autoregressive models (SAR) ......ccoeeevviiiviiiieeee i, 13
3.4  Geographically weighted Regression (GWR)........ccccvvviiiie i 14
3.5 Potentially relevant variables ......... .o 15
Data analysis and desCriptioN............oooeeieieiiieee e 18
s R [0 a1 T [ r= 140 T o = - SRR 18
4.2 ReEAl ESIAIE UALA....ci it 26
4.3  Potentially relevant variables.............ueeiieeiiiiiiee e 35
[ [=T0 [ o Tl L= £ 1] o] o 38
5.1 MOdel @SHMALION. . ...t e e e e e e e e e e e e 38
5.2 REQIESSION MESUILS .....uviiiiiiie et e e e e s e e e e e s s ereaeee s 43
Discussion and CONCIUSION ........coooeiiiiii 52
6.1  ANalysis Of the rESUIS ... 52
072 (4 (01111 [=T o o T= T T- UL =T o SRR 55
6.3 Restrictions and further research ... 56
[ =T = 58



List of tables

Table 1

Table 2

Table 3

Table 4

Table 5

Table 6

Table 7

Table 8

Table 9

Table 10

Table 11

Table 12

Table 13

Table 14

Table 15

Potentially relevant variables to model the relatietween housing rental price
and iImmIgration l@VEl.........ccooo e 15

Descriptive statistics of potentially relevant dnlies to model the relation

between housing price and immigration level ..., 36
Description of the relevant variables for the OL8ddIs 1,2 and 3.................... 40
Description of the relevant variables for the OL8ddls 4, 5and 6.................... 41
Moran’s | statistics for the residuals of the gloB&S models 1 to 6*............... 42
Description of the global OLS model 2.......cooeeeiiiiiiiiiis 44

Coefficient estimates of the foreigner groups Jaaa with their statistical values
for the OLS ModelS 110 3 ... e 45

Description of the global OLS model 5.......coiiiiiis 46

Coefficient estimates of the foreigner groups Maga with their statistical values
for the OLS MOdElS 4 10 6 ....eeeevveeiiiiieeeiieeeee e 47

Difference between the AIC value of the OLS regmssand of the various types
Of SAR I8QIESSIONS™ ...ttt 48

Description of the SABITOr Model 2........coovvveiiiiiiiiiiiiee e e e e e e 49

Coefficient estimates of the foreigner groups Maga with their statistical values
for the SARRITOr models 110 3. ..ot 50

Description of the SABITOr model 5. 51

Coefficient estimates of the foreigner groups Jaaa with their statistical values
for the SARRITOr MOAEIS 4 10 B.....ccooeeeeeeeiiiieeee e 52

Comparison of the parameter estimates of the bssingcle’s variables for the
a1 0[] K00 R (0 T S PRSPPI 54



Table 15

Table 16

Table 17

Table 18

Table 19

Table 20

Table 21

Table 22

Table 23

Table 24

Table 25

Table 26

Table 27

Table 28

Table 29

Table 30

Table 31

Table 32

Table 33

Table 34

Table 35

Table 36

Foreigner groups formed for the hedonic modelingthwihe respective

nationalities they INCIUAE ...........oooo i 61
Correlation among potentially relevant variablearf 1 of 8) ..............ccccceeennn. 85
Correlation among potentially relevant variablear 2 of 8) ..............ccccceeeennnn. 86
Correlation among potentially relevant variablBar¢ 3 of 8) ............cccccceeeees 87
Correlation among potentially relevant variablBarf 4 of 8) ............cccccceeeees 88
Correlation among potentially relevant variablear¢ 5 of 8) ............ccccccoeeees 89
Correlation among potentially relevant variablear 6 of 8) ...............ccccceeennn. 90
Correlation among potentially relevant variablear 7 of 8) ..............ccccceeeennnn. 91
Correlation among potentially relevant variablearf 8 of 8) ..............cccccceeennn. 92
Description of the global OLS model 1.......ciiiiiiiiiid 93
Description of the global OLS model 3. 94
Description of the global OLS model 4. 95
Description of the global OLS model 6.......cccoeeiiiiiiiiiiiiied 96
Description of the SARG MOdel 1 .........uuvuiiiiiiii i e e e 97
Description of the SARQG MOUEl 2 .........uuviiiiiiiiei e 98
Description of the SARG MOdel 3 ... e 99
Description of the SABOr model 1........ccoooviiiiiiiiiiiiiiiiieie e 100
Description of the SABror model 3.........cooiiiiiiiiii e 101
Description of the SARIXMOAE! L.........ouviiiiiiiiiiiiee e e e e e e e e eeeeannnnns 102
Description of the SARIXMOUE! 2.........ovviiiiiiiieiiee e e e e e e e e eeeaaaaenns 103
Description of the SARIXMOAE! 3........ouiiiiiiiiii e e 104
Description of the SABTOr model 4 ..o e 105



Table 37 Description of the SABrror model 6



List of figures

Figure 1  Districts of Canton Zurich SinCe 1989...........cccceiiiiiiiiieieiiieeeeeeeeeeeeeeeaeeiaaees 2
Figure 2  Quarters of the cities of Zurich (leftidaWinterthur (right) in 2014 ................. 3..

Figure 3  Population per municipality of Canton i£br(left picture) and per Quarter of the
cities of Zurich and Winterthur (right picture) 2012. ..........cccoooeeeiiiiiiiiiiiiiiiiiiinns 4

Figure 4  Gross immigration and migratory balanc8wftzerland between 1980 and 2012.

Figure 5 Hedonic Index of an average apartmentepecolution per quarter (2005 till

Figure 6 Percentage of foreigners per municipatit€@anton Zurich 2013 ...................... 19

Figure 7 Percentage of citizens coming from Schengountries per municipality in
Canton ZUrCh 2013 .. ... 20

Figure 8 Percentage of citizens coming from Nodstern Schengen countries per
municipality in Canton Zurich 2013 ... 21

Figure 9  Percentage of citizens coming from Scoutla@d Eastern Schengen countries per
municipality in Canton Zurich 2013 ... 22

Figure 10 Percentage of citizens coming from odetsof Schengen per municipality in
Canton ZUriCh 2013 ... ...t 23

Figure 11 Change [in % of the municipal populdtiai the foreigner proportion per
municipality in Canton Zurich between 2006 and 2013.............ccccceeeeeevevinnnnn. 24

Figure 12 Change [in % of the municipal populatioh the proportion of Northwestern
Schengen citizens per municipality in Canton Zubetween 2006 and 2013 ... 25

Figure 13 Distribution of the number of rooms geselling unit..............oooovvviiein e 27

Figure 14 Distribution of the number of rooms geselling unit in Canton Zurich 2012 ... 27

Vi



Figure 15

Figure 16

Figure 17

Figure 18

Figure 19

Figure 20

Figure 21

Figure 22

Figure 23

Figure 24

Figure 25

Figure 26

Figure 27

Average number of rooms per dwellingt amd per municipality (left picture)
respectively per Quarter (rght PICTUIe) .......coouvuuuiiiiiiii e 28

Distribution of the net living area [m@gdr dwelling unit .............ccccceeeeeenieeee. 29

Average net living area [m2] per dwglimit and per municipality (left picture)
respectively per Quarter (rght PICTUIe) ......cooeuiuiiiiiiiiii e 30

Distribution of the monthly gross re@HF] per dwelling unit...................... 31

Average monthly gross rent [CHF] per kimg unit and per municipality (left
picture) respectively per Quarter (right pPICtUL&).........veeieeeeeieeeiiieeeeeeeeiiaees 32

Boxplots of the average monthly grosd [EHF] in relation to the number of
rooms of the dwelling UNit............oooiiii e 33

Distribution of the monthly gross reet m2 [CHF] and per dwelling unit....... 34

Average monthly gross rent per m2 [ChbE}, dwelling unit and per municipality
(left picture) respectively per Quarter (right i) ..........ccoeeeeeeeeeeeeereiieeeeiiinnns 53

Percentage of Schengen countries citiremslation to whole population (left
picture) and to foreigners population (right pigfuper municipality in Canton
A1 o] 2 0 R O 62

Percentage of Northwestern Schengen gesintitizens in relation to whole
population (left picture) and to foreigners popudat (right picture) per
municipality in Canton Zurich 2013 ... 63

Percentage of Southern/Eastern Schergentries citizens in relation to whole
population (left picture) and to foreigners popudat (right picture) per
municipality in Canton Zurich 2013 ... 64

Percentage of outside of Schengen cesntcitizens in relation to whole
population (left picture) and to foreigners popugat (right picture) per
municipality in Canton Zurich 2013 ... 65

Percentage of German citizens in relatonhole population (left picture) and to
foreigners population (right picture) per municipain Canton Zurich 2013..... 66

Vil



Figure 28

Figure 29

Figure 30

Figure 31

Figure 32

Figure 33

Figure 34

Figure 35

Figure 36

Figure 37

Percentage change of the population tfeos from Schengen countries
compared to the whole population (left picture) aodhe analyzed population
itself (right picture) per municipality in Cantorudch between 2006 and 2013. 67

Percentage change of the population tofeais from Northwestern Schengen
countries compared to the whole population (lefitype) and to the analyzed
population itself (right picture) per municipality Canton Zurich between 2006
AN 2013 ..o ———————————— 68

Percentage change of the populationtizieais from Southern/Eastern Schengen
countries compared to the whole population (lefitype) and to the analyzed
population itself (right picture) per municipality Canton Zurich between 2006
AN 2013 ..o ————————————— 69

Percentage change of the population tfeas from countries outside of
Schengen compared to the whole population (leftupgg and to the analyzed
population itself (right picture) per municipality Canton Zurich between 2006
AN 2013 ..o ————————————— 70

Percentage change of the populationtfeas from Germany compared to the
whole population (left picture) and to the analypegbulation itself (right picture)
per municipality in Canton Zurich between 2006 @0d3 ................ccccccoeeeeeee 71

Distribution of the monthly extra re@HF] per dwelling unit....................... 27

Average rental extra price per dwellimgt and per municipality (left picture)
respectively per Quarter (right PICtUre) ......cceeuvvvieiiiiiiiee e 73

Percentage change of the average mogtbls rent per dwelling unit and per
municipality (left picture) respectively per Quarigight picture) between 2009
= o 20 PP 74

Percentage change of the average mogtbss rent per m2, per dwelling unit
and per municipality (left picture) respectively guarter (right picture) between
2009 AN 2013 ...oeeiieiiiiiiee e et a e e e e e raeaaaeeeana s 75

Boxplots of the monthly gross rent [CHBAtN] with (YES) and without (NO)
o= 1[0 V2SS 76

VIl



Figure 38

Figure 39

Figure 40

Figure 41

Figure 42

Figure 43

Figure 44

Boxplots of the monthly gross rent per [@BIF/(month-m2)] with (YES) and
Without (NO) DalCONY .......coiiiiii e 77

Boxplots of the monthly gross rent per [@RIF/(month-m2)] in relation to the
number of rooms of the rental Unit..........ccccceoiiiiiiii e 78

Boxplots of the monthly gross rent [CHBAtN] according to the deciles of the
proportion of foreigners in relation to whole mupal population ..................... 79

Boxplots of the monthly gross rent [CHBAt] according to the deciles of the
proportion of Schengen countries citizens in refatito whole municipal
[S10] o181 F= 11 o] o USSP 80

Boxplots of the monthly gross rent [CHBAtN] according to the deciles of the
proportion of Northwestern Schengen countries @itz in relation to whole
(g T8 TgT otT o= 1N oTo] o101 F= 11 o] o S 81

Boxplots of the monthly gross rent [CHBAt] according to the deciles of the
proportion of Southern/Eastern Schengen countiite=es in relation to whole
MUNICIPAl POPUIALION ... e 82

Boxplots of the monthly gross rent [CHBAt] according to the deciles of the
proportion of outside of Schengen countries citizan relation to whole
MUNICIPAl POPUIALION ... e 83



Abbreviations

AIC

BfS

ETH

GWR

VT

OLS

SAC

SAR

SE

Akaike Information Criterion

Swiss Federal Statistical Office

Swiss Federal Institute of Technology

Geographically Weighted Regression

Institute for Transport Planning and System&dHZ

Ordinary Least Square

General Spatial Autoregressive Model

Spatial Simultaneous Autoregressive Model

Standard Error



Quantification of the immigration effects on rents in Canton
Zurich between 2009 and 2013

Brice Hoffer
Bordgeais 13
2800 Delémont

+4179 213 48 16
brice.hoffer@gmail.com

September 2014

Abstract

The effect of immigration on rents in Canton Zurimtween 2009 and 2013 is quantified with
the help of hedonic pricing models. Two groups afdels are created: the first one uses the
monthly gross rent as dependent variable, the sewmoa the rental price penThey both take
into account foreigners in different definitionsdagroupings: Foreigners, Schengen, North-
western Schengen, Southern/Eastern Schengen asai®©&chengen. These models are ex-
tended into SAR models, in order to account for gphatial autocorrelation of the data. The
SARerror model, using a neighborhood weighting matrix coragwith 10 nearest neighbors
and accounting for a reduction of influence basedhe distance to the observation point, ap-
pears to be the most appropriated regression mallébreigner categories show an inflation-
ary effect on rents, with the exception of the gatg Southern/Eastern Schengen, which leads
to a decrease of 0.19% of the rents, respectiviel;i® CHF/(monthm?) for a 1% point in-
crease of this population. The group NorthwestatmeSgen has the higher effect, e.g. +2.61%
of the rent, respectively +0.61 CHF/(momtf), for a 1% point increase. The other tested cate-
gories seem, in contrast, to have only a margnilence on the dependent variables.
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1 Introduction

The Swiss vote of ' February 2014, which should lead to the reintréidacof quotas for
immigrants, is the highlight of a series of refefanhat reacted to growing population influx
from foreign countries into Switzerland. Indeeding crime, wage dumping or pressure on
the real estate market, are some examples of megaifiects that the Swiss population per-
ceives as being related with the higher immigratiate that the country experienced since
2008, when the free movement of persons startechniynthese effects, rent inflation is often
pointed out as a major issue, which arises fronetiteanced population growth due to strong
immigration. Even if several clues tend to indictitat the number of newcomers into a re-
gion correlates with the rent level, it would béeesting to determine to what extent these
may influence the housing prices. Indeed, growidmgd space requirement per capita, de-
creasing household size or inland population movesnare other factors, which also induce
rent price inflation in Switzerland.

Thus, the aim of this thesis is to quantify theeefé of migration on the rent prices of Canton
Zurich over the time period 2009 till 2013. The twanZurich is especially interesting, be-
cause it absorbs a significant part of the immigrainto Switzerland and is considered as a
main hotspot of the Swiss real estate market. &ahadysis uses hedonic regression modeling
with demographic, real estate market and spatial. dance built, the global model is extend-
ed into a simultaneous autoregressive model (SARjctount for the issues related to the
spatial autocorrelation of the data. In the modetsnigrants are divided into several classes
(e.g. Northwestern Europe immigrants vs othersjytdo isolate groups with higher purchas-
ing power, which may have more influence on houginges level. Thus, variation among
immigrants themselves can be studied through tipsaeach.

First, important concepts are introduced in ChapteChapter 3 presents the whole method-
ology, which has been applied in the data analyscriptive statistics of the demographic
and rental market data are presented in Chaptéhel results of various regression models
are analyzed in Chapter 5. Finally, the resultthisf work as well as possible extensions are
discussed in Chapter 6.



2 Background

This chapter introduces various themes and conceypiich are relevant to understand the
further parts of the study.

2.1 Region studied

The present study focusses on the city of Zuriath it&1 Canton. The Canton Zurich hosts
about 1'400°000 inhabitaritswhich makes it the largest Swiss Canton in tefiapulation.

Its territory of 1’729 km is organized into 12 districts (Figure 1), whiale shemselves di-
vided into a total of 171 municipalities (in 2013he two major lakes of the Canton are the
Lake of Zurich(Zurichsee)and the Greifensee.

Figure 1 Districts of Canton Zurich since 1989
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Source: Tschubby (2008), http://upload.wikimediglatkipedia/commons/b/b3/Karte_
Kanton_Z%C3%BCrich_Bezirke.png, consutted4/23/2014.

! Statistical Office of Canton Zurich (2014)



Furthermore, the cities of Zurich and Winterthue aplit into 12 and 7 Quarters (Figure 2).
Note that these administrative organizations devaat for the further analysis.

Figure 2 Quatrters of the cities of Zurich (leftdawWinterthur (right) in 2014
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Sources: (left picture)Tschubby (2009), http://@alavikimedia.org/wikipedia/commons/3/33/Karte_Skagise_

Z%C3%BCrich.png?uselang=de, consulted4323/2014.
(right picture) Tschubby (2008) ptupload.wikimedia.org/wikipedia/commons/8/83/karWinterthur_

Stadtkreise.png?uselang=de, cortoite04/23/2014.

Figure 3 introduces the number of inhabitants penigipality of Canton Zurich, as well as

for Zurich and Winterthur, per Quarter in 2012cdin be noticed that the cities of Zurich and
Winterthur are the only municipalities that areahlied by more than 100’000 people. In-
deed, most of the locations shown in Figure 3 Hasg than 10’000 inhabitants. The majority
of the Quarters of Zurich and Winterthur have aysaton smaller than 50°000 people. Only
the Quarters 9 and 11 of Zurich show higher numbers



Figure 3 Population per municipality of Canton ighr(left picture) and per Quarter of
the cities of Zurich and Winterthur (right pictuia)2012.
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Data: (left picture) Statistical Office of Cantonrifin (2013)
(right picture) City of Zurich, Statisti@epartment (2013)
(right picture) City of Winterthur, Stattss Department (2013)
Boundaries: Swiss Federal Statistical Office (2013).

2.2 Immigration into Switzerland

This section presents immigration into whole Switred and into Canton Zurich over the
last decade, as well as the Swiss popular opirgarding this development.

2.2.1 Evolution in Switzerland

Observing immigration data for Switzerland betwéesm 1980ies and today, it can be stated
that gross immigration commonly ranges between &®@000 and 160’000 people per year.

The yearly value of the migratory balance lies lestw 0 and 100°000 immigrants per year
for this time period (Figure 4).



Figure 4 Gross immigration and migratory balanc8wftzerland between 1980

and 2012
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Data: Swiss Federal Statistical Office (2013)

Figure 4 indicates that immigration fluxes into $erland are correlated with the business
cycle of the country. Indeed, both gross immigmatmd migratory balance show a deep re-
duction between about 1993 and 1998, which is frigb@lated with the crisis of the 90ies,
and which contrasts with the great fluxes durirggltboming late 1980ies. However, it can be
observed that the migratory response usually steoamall lag (1-2 years) compared to the
economic cycle, so that its shape is similar tatrbell curve (Wiest & Partner Ltd, 2010, p.
45). Graf et al. (2012, p. 9) confirm this assumptby stating that “an employment contract
in Switzerland is for three quarters of all newcosnmto Switzerland [...] the immigration
trigger”. A different feature can be observed foe 2008 peak. In this case, augmentation of
immigration fluxes is not only related to an env&abconomic situation compared to the rest
of Europe, but also to the entry into force of Biateral Agreements Il between Switzerland
and European Union. Indeed, one part of this ageeerooncerns the total opening of the
Swiss labor market to European citizens since & 2007 (SECO, 2007). According to Graf
et al. (2012, pp. 10-11), an important triggerhd tecent immigration wave is also the evolu-
tion of the Swiss economy, which needs an alwagatgr percentage of highly qualified em-
ployees whose the Swiss representatives cannot ttisedemand. Indeed, data show that, in
contrast with the previous migration peaks, theampprt of the new immigrants are young



and very qualified people. According to Wuiest &tRar Ltd (2010, p. 44), 60% of the im-
migrants of the 2008-2010 peak are between 20 8ngk8rs old and have a tertiary educa-
tion. Thus, it seems to be clear that a signifigant of immigrants in the last years belong to
higher social classes with, mostly, high purchagmogver. Hence, this kind of population
could likely influence the housing prices in anatibnary way.

2.2.2 Evolution in Region Zurich

According to Wiest & Partner Ltd (2012, p. 56), @enton Zurich absorbs, with the Cantons
Vaud and Geneva, the highest immigrant number atzévand. Between 2007 and 2009,
the agglomerations of Zurich and Geneva have wedcbabout one third of the immigrant
fluxes coming into the country (Wuest & Partner, 2010, p. 44). Actually, the young and
well-qualified immigrants are most likely attractieg interesting job opportunities that can be
found in these two economic centers. Furthermbeesd two regions may have a stronger in-
ternational character (e.g. international schoiblah any other place in Switzerland, which is
of certain interest for expatriates. For thesearasit can be expected that the canton Zurich
may be more affected by the effects related to imgigration fluxes than the majority of
the cantons.

2.2.3 Popular opinion

Even if it is difficult to make a statement abdut taverage Swiss popular opinion concerning
immigration, there are clear signs of a strong eam@mong the population in the last years.
Indeed, the recent referendum topics as well as tésults, for instance the initiative on the
expulsion of foreign criminals or the one againgtssnimmigration, demonstrate a certain
fear about negative effects related to an uncdettommigration. It can be noticed that this
referendum wave, that has been quite hostile teidoers, started in 2009 with the vote
against minaret construction. This was about orze géier implementation of the Schengen-
Dublin agreements on Swiss territory. The initiatagainst mass immigration, which was ac-
cepted by 50.3%of voters, is quite interesting regarding thisdstuindeed, it denotes that,
for a certain part of the Swiss population, Swieaed is a small country that currently re-
ceives too many immigrants with all the negativiedt that are assumed to be related with
this, such as a rise of real estate prices. Evendfconservative party is often responsible for
starting the described votes (SVP), the whole rariggwiss political parties identifies issues
arising from immigration and suggests various sg@&s to solve them. In 2009 criticized the

2 http://www.admin.ch/ch/f/pore/va/20140209/det58@h consulted on 04/21/2014.



young leader of the Greens, Bastien Girod, withpgaigy colleague Yvonne Gilli, the nega-
tive effects of uncontrolled immigration, e.g. heglrent prices, gentrification and transport
congestion, in a paper (Rau, 2009). The Swiss ksicparty presented in 2012 a report to
regulate immigration fluxes, among others becabsse should put pressure on wages and
rents, especially in the regions of Zurich and Ganleake (Blumer, 2011). Even the Liberals,
who are traditionally attached to the free movenwnpersons, published in 2010 a paper
containing strategies designed for managing imntimmafluxes to ensure benefits for Swit-
zerland (Tages Anzeiger, 2010a). Furthermore, thissSAuthorities invoked in April 2012
the safeguard paragraph of the Schengen agreeneentmtrol the migrant fluxes from 8
countries of Eastern Europe. This limitation hasrbeonfirmed in 2013 and even extended to
all the other member countries for a one year térhis last fact tends to indicate that the
immigration problem goes beyond popular opinion #rat real issues may be related to the
higher fluxes that have entered into Switzerlandnduthe last years. Nevertheless, positive
sides of the immigration are also pointed out, sashan enabling effect for the economic
growth resulting from the arrival of foreignerspesially from their additional consumption
(Tages Anzeiger, 2010b).

2.3 Situation of the Swiss real estate market

In this part, various mechanisms of real estatekatdunctioning as well as specificities of
the Swiss case are introduced.

2.3.1 Background

Real estate objects have the particular featudeeofg both used as an investment and as a
consumption good (Hott, 2009). Thus, asset chaiatts of real estate can lead to specula-
tive events, so that a non-optimal outcome of tlaeket occurs. Furthermore, housing supply
only reacts slowly to demand variations due, amaihgrs, to the time needed for realizing
real estate projects, such as the funding, degsidgnitding phases. According to DiPasquale
and Wheaton (1994), this adjustment process caiséasral years, so that in the short-run an
imbalance occurs on the market. This discrepanogllysleads to housing price adjustment
in order to clear the market.

More generally, the outcome of the real estate etarlay be influenced by various so called
demand-shifting variables such as for instanceinberest rate level (Steiner, 2010, p. 5).
Within the context of this study, the demand-shdtivariables “population” and “income
level” are especially of interest, because theyarg likely influenced by immigration flux-



es, which may in turn impact housing price levelrtkermore, Steiner (2010, p. 11) makes
the statement that “it is not the size of the papah that is relevant but how much that popu-
lation is actually earning”. According to this ptien, the emphasis of the present study
should rather be put on well earning foreigners thia all immigrant classes.

2.3.2 Swiss market characteristics

According to Degen and Fischer (2010, pp. 5-6),3hass real estate market is mainly char-
acterized by both nationwide rent control and loemdnd for owner occupancy. In fact,
Swiss home ownership rate is only of 37.2% for Zp%ich is, for instance, almost two
times smaller than in a country like the Unitedt&a(67.8%, 2009. Both characteristics
should logically contribute to a slow growth rateSaviss housing prices. According\Wliest

& Partner Ltd (202), statistical records show an average real pniceease for Swiss housing
of 1.3 % per year for the period 1930 to 2010. Tkisa moderate value compared, for in-
stance, to the 4.1% average real increase of Gm#ain for the time period 1970 to 2006
(Degen and Fischer, 2010, p. 24). Focusing on & mement time period of 2005 to 2013, the
following pattern can be observed for the Swissshayirent price evolution in Figure 5.

3 Swiss Federal Statistical Office (2013)
4 Degen and Fischer (2010, p.5)



Figure 5 Hedonic Index of an average apartmenemimlution per quarter (2005 till
2013)
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Data: Wiest & Partner Ltd (2014)

According to the data of Figure 5, the average ahnse of apartment rent is 1.6% for whole
Switzerland and 2.1% for the cities. Compared ®pgtevious numbers, these values indicate
that the last years constitute a period of slightther inflation on the Swiss real estate mar-
ket than over the long-term.

It is important to notice, that all the values dissed in this section are not separated into ex-
isting and new rents. Indeed, new built apartmanis rental units with high turnover rate
show typically a greater yearly price increase ttinaverage.

2.3.3 Situation in Region Zurich

With the Geneva Lake Region, the Region of Zurigh be considered the tightest Swiss real
estate market. Indeed, the economic dynamics sfzibme attract a notable percentage of the
immigrant population into Switzerland (Section 2)2and also Swiss citizens, usually young
and well educated, coming from other regions of ¢bantry (Arnet, 2011). According to
Wiest & Partner Ltd (2008, p. 3&he difference between the growth rate of theshmgustock



and the growth rate of the population in the Cartonich is positive with 2.3% for the years

2000 till 2006, but smaller than the Swiss averaige.5%. Even if focusing on the later time

period of 2006 to 2013, this could indicate thaiiding rate in the Canton Zurich may be

slightly smaller compared to the settlement rateeaf inhabitants, which may induce a high-
er housing price inflation rate than at others fimres in Switzerland. Indeed, the average
yearly growth rate of the offered housing pricesthe city of Zurich is 3.1% for the time pe-

riod 2005 to 2013. Even if the values of the sameop for whole Switzerland (1.6%) and

Swiss cities (2.1%) are computed with a differemttimdology (quality-adjusted index for a

particular apartment type), comparing them withghevious value may indicate that, in fact,

the region of Zurich tends to have a higher houginge increase than in most places in the
country.

2.4 Immigration effects on real estate markets

Outcome in the real estate market may be influefigedarious demand-shifting variables.
Within the context of this study, variables relatedhe demographic characteristics, e.g. the
proportion of foreigners and their assumed avenagmme, are the focus. Effects of immigra-
tion on housing markets have been already treateseveral research works around the
world. Their conclusions suggest that proportionfaseigners tends to correlate positively
with housing price levels. Saiz (2007), for insnstates that a 1% increase of foreigner per-
centage in an American city leads to a 1% growtlthef average housing and rent values.
However, Stillman and Mare (2008) point out that #ffects on real estate prices may vary
according to the analyzed foreigners groups. Indeecbrding to their work about the immi-
gration effect on housing prices level in New ZedlaNew Zealanders coming back to their
country have an inflationary effect, but the otbategories do not. Regarding the situation in
Switzerland, Degen and Fischer (2010, p. 4) estrtta influence of the migratory flux on
single-family homes price for the time period 2Q06. According to their results, a 1%
immigrant inflow into an area would lead to a 2.if¥%rease of its average housing price lev-
el. Thus, this would indicate that the Swiss hogisimarket specificities (Section 2.3.2) are
not able to prevent the occurrence of inflationeffects resulting from immigration. Never-
theless, this work studies only the effect of fgrars on the property market, which may be
very different of the effect on the rent level. éadl, Heye and Hermann (2012, p. 24) indicate
that the immigration into the Canton Zurich, betw@®00 and 2010, may have had an infla-
tionary influence on house prices, but not on rehitsis, as discussed above, the effective re-
lation between immigration and rent price levelgiste controversial. For the further ap-
proach of this work, it should be kept in mind tiatnigration may have, plausibly, a posi-
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tive correlation with housing price levels and tlativision of the foreigners groups into
subclasses, as already noticed in Section 2.3uld éead to further conclusions.

3 Hedonic pricing methodology

A house price model is used in this thesis in otdeapproximate and quantify a possible re-
lationship between immigration into Switzerland awblution of housing prices. The regres-
sion model is estimated with the help of the siatissoftware R@ The hedonic pricing
method, its issues in dealing with spatial datawels as advanced approaches are briefly pre-
sented in the following section.

3.1 Background

The price of a good can be considered as a valasumement, on one hand, of the good it-
self and on the other hand of some characterigtatsare related to it. The second approach
constitutes the basis of hedonic pricing modellimgleed, this method considers that a price
can be described by various properties of this geddch are combined with the help of
weighting parameters.

P=Bo+pf1 x1+ B x3+ B3 x3+ 4P xptu (1)

Price P (explained variable) is the sum of different chésasticsx (explanatory variables)
weighted with parameteys The termy, is a constant, which results from the regression p
cess. Ternu (also called error-term) is necessary for modgltime random variations arising
from characteristics, that are not considered eng$timated equation but that may also influ-
ence theP value (Woolridge, 2009, p. 23). Assuming that ottlearacteristic values are held
fixed (ceteris paribuy it is possible to approximate the effect of atians of a single ex-
planatory variable (for instancg) on priceP. Indeed, the size of this effect is described by
the associated paramejgr In the case of the linear regression presentedea)f; gives in
absolute value the relation between a chafigén response to a variation of a single factor
Ax1. According to which kind of relations has to bedeled, it can be desirable to use other
kinds of regression than the simple linear one.ifstance, a log-level model is commonly
applied for modeling real estate price (Du and EylR012, p. 50).

5 http://www.r-project.org/, consulted on 09/08/2014
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m(P)=Po+P1 x1+ By x+P3 X3+ -+ By xp+u (2

In this approach, a percentage changdmfs obtained by multiplying the variation of the
independent factorix; with 10Q3; (Woolridge, 2009, p. 46). Applying the principleg-
scribed above to the present study, it is actyadgsible to derive the effect of the variable
“foreigner population” on the dependent variablg€i@ge monthly rent” for a certain loca-
tion. A general form of the estimated model canbigen as:

In(P) = ay + Z?=1 Bi C; + Z?=1 vil; + Z?=1 6;D;+u (3)

with C; a set of housing entity characteristics (e.g. gvarea),L; variables about structural
location specificities (e.g. lake view or accedgii and D; socio-demographic location
specificities (e.g. proportion of foreigners).

3.2 Spatial data related issues

Applying hedonic pricing method for rent values Irap the use of data with spatial proper-
ties. However, such data are commonly related &wagdteristics that violate the assumptions
on which basic linear regression models rely. Adocay to Charlton and Fotheringham

(2009, p. 3), these may produce biased and ineffiggarameter estimates, which in turn re-
duce the outcome reliability of the computed regji@s model.

For Lochl and Axhausen (2010, p. 40), two propsrté spatial data are of major concern:

spatial dependence (denoted as spatial autocooreland spatial heterogeneity (denoted as
spatial non-stationarity). According to Anselin 889 p. 8), spatial dependence implies that a
functional relationship exists between propertiesre point in space and the properties of
other points situated elsewhere. In other termsputld be often stated that “high variable

values are found near other high values and loweghbppear in geographical proximity”

(Paez and Scott, 2004, p. 55) or also that “Evéngtis related to everything else, but near
things are more related than distant things” (TQld@70). Spatial heterogeneity refers to the
fact, that relationship being interpreted by a esgion model may be not homogeneous when
dealing with spatial data (Charlton and Fotherimghda009, p. 3). But homogeneity of ana-

lyzed relationship is always assumed for fittingegression model. However, such assump-
tion cannot be observed as the explanatory vagadne dependent on the place, on a micro-
scale, where they are located. A further issuedbatmonly arises from linear regression us-
ing spatial data is the existence of high corretetibetween two or more explanatory varia-
bles, also called multicollinearity. In contrasttte two previous problematic characteristics
(spatial dependence and heterogeneity), multiaality does not violate the assumptions of
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basic linear regression. Thus, exact effect of icnlltnearity on model predictions quality is
not very clear, but this should lead to greateiavere of parameter estimates (Woolridge,
2009, pp. 96-97). What seems to be important &, tthe independent variable of interest (in
the present study case “immigration”) remains ashmas possible free of multicollinearity.

3.3 Spatial simultaneous autoregressive models (SAR)

Simultaneous autoregressive (SAR) modeling is a@oient approach to avoid issues related
to the presence of autocorrelation among spatia, adehich are used for the regression. In-
deed, this approach allows a correction of theaggjon equation, so that biasing effects that
result from spatial autocorrelation can be redudédis, a more reliable outcome may be ob-
tained with this method compare to an ordinarytlegaare (OLS) regression. Basically, spa-
tial autocorrelation may affect a regression inilithree component groups: the response
variable, the explained variables and the errant@hus, several versions of the SAR model
are available, depending on which component ohtbdel has to be corrected for autocorre-
lation.

The classical SAR model, the spatial simultaneausragressive lag model (SAdR), is
computed in order to take into account spatial ddpecy among the observations, e.g. the
explained variable pricB (Hackney et al., 2007, p. 400). The general mtadads the follow-
ing form:

P=p-W-P+p-X+u (4)

The parametey corresponds to a spatial autocorrelation paransetékV to a neighborhood
weighting matrix. If the aim of the used model esaccount for autocorrelation in the error
termu, the use of a spatial simultaneous autoregressioe model (SARrror) is indicated
(Hackney et al., 2007, p. 400):

P=p-X+error (5)
with, in contrast to the usual assumed uncorrelatethal distribution of the error term
error =AW -error+u (6)

The parametey is the spatial autoregressive coefficient. If bptevious SAR-models are
combined, the general spatial autoregressive maitlela correlated error term (SAC) is ob-
tained (Hackney et al., 2007, p. 400):
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P=p-W-P+p-X+error (7)

As a last option, it may make sense to accounticorrelation existing among the explana-
tory variables. The spatial Durbin model, or SAIR allows this treatment while considering
also the autocorrelation of the explained varialke, in the SARag model (L6chl and Ax-
hausen, 2010, p. 42):

P=p-W-P+p-X-+W-X-y+ u (8)

wherey is a further autoregression coefficient.

3.4 Geographically weighted Regression (GWR)

In order to account for issues related to spagtétogeneity of the data (Section 3.3), the ge-
ographically weighted regression (GWR) method dtutss a good option. The idea of a

GWR model is to compute coefficient estimators #rat obtained up to specific characteris-
tics of a point location. Thus, a global regressioodel is adapted into a local model, which

takes into account microscale properties. Diffefficient estimates as well as independ-
ent error terms are obtained by using this appr@¢aébhl and Axhausen, 2010, p. 43). Ac-

cording to Charlton and Fotheringham (2009, ptlsg,general form of a GWR-model is:

P(ly) = Bo(ly) + Br(l) » x1; + Bo(l) * x5 + B3(l) * X35 + -+ + Bn(l) * i +u; (9)

wherel; represents a specific space point, which is gif@mnstant, by its coordinates. Other
parameter descriptions remain the same as in QhagteThe coefficients are estimated in
the following way (Charlton and Fotheringham, 20095):

) =X - W) - X)) -XT- Wl - P() (10)

with f(I;) the vector of coefficient estimates at variousatamnsl;, X the matrix of independ-
ent variablesW(l;) the matrix containing geographical weights ug &ndP(l;) the vector of
observed price values (e.g. rents). The weightidrim\W is computed with the help of a
weighting scheme, a so called “kernel” (Charltonl &otheringham, 2009, p. 6). This ap-
proach enables to take into account observatioleyaf neighboring locations of an obser-
vation point and to weight the influence they hawethis point, for example, according to
their distance.

Although GWR has many advantages for dealing wottial data, it has also issues that may
reduce the model outcome reliability. For instartbe, existence of multicollinearity among
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the local estimated coefficient may be of concehemvinterpreting the individual GWR pa-
rameter estimates influence on the dependent Varidbdeed, Wheeler and Tiefelsdorf
(2005) state that GWR-models suffer substantiallyranof multicollinearity effects than
standard global regression models.

3.5 Potentially relevant variables

Table 1 introduces potentially relevant variablest tmay be used for the following hedonic

modelling. As described in section 3.1, the vagabdre organized into three main groups:
building characteristics, location structural anddtion socio-economic characteristics. This
large set will be afterwards reduced by testingitickision of each variable based on its sta-
tistical significance. The data describing thedwling variables have three different origins.

Most of the building’s characteristics come fronedrdata of web-based advertisements
(Web). Further information concerning the buildiag,well as its location, has been provided
by the Institute for Transport Planning and Systéivi$) of ETH Zurich. Finally, the majori-

ty of the socio-economic data come from the Swesdelal Statistical Office (BfS).

Table 1 Potentially relevant variables to model te&ation between housing rental
price and immigration level

Variable Description Unit Origin
Dependent Variable

Rent Monthly gross rent [CHF] Web
RentPerSQM Monthly gross rent per fn [CHF] Web
Building related explanatory variables

Room Number of rooms [] Web
Living_Area Net living Area [m?] Web
Story Story [] Web
Stories Number of building stories [1 IVT
Res_Units Number of dwelling units in building [] IVT
Parcel_Size Parcel size [a] IVT
Land_Value Built land value [CHF/NT] VT
Attic Dwelling unit is an attic [dummy] Web
Balcony Dwelling unit has a balcony [dummy] Web
Fire Dwelling unit has a fireplace [dummy] Web
Garden Dwelling unit has a garden [dummy] Web
Terrace Dwelling unit has a terrace [dummy] Web
Agel Constructed till 1930 [dummy] Web
Age2 Constructed between 1931 and 1950 [dummy] Web
Age3 Constructed between 1971 and 1990 [dummy] Web
Aged Constructed since 1991 [dummy] Web
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Age5*
Resi_Perc
Retail_Perc
Office_Perc
Indus_Perc
Owner

Constructed between 1951 and 1970
Proportion of residential use
Proportion of retail use

Proportion of office use

Proportion of industrial use
Ownership share

Location related explanatory variables: structural

Dist_Highway
Highway
Dist_Station

Acc_Car
Acc_PT

Acc_Tot

Dis_School
Dis_Kindergarten
Dis_CBD_ZH
Dis_CBD_Winterthur
Slope

Lake_View
Lake_dummy
Sun_Eve

Distance to highway ramp (as the crow flies)
Highway within a 100 m radius
Distance to railway station (as the crow flies)

Accessibility by car
Accessibility by public transp.

Sum of Acc_Car and Acc_PT
Distance to school (as the crow flies)
Distance to childcare facility (as the crow flies)
Distance to the CBD of Zurich (as the crow flies)
Distance to the CBD of Winterthur (as the crow flies)
Land slope
Visibility of lake surface

Dwelling unit has lake visibility
Evening solar exposure index

Location related explanatory variables: socio-econoin

Univ
H_300m
H1_300m
H2_300m
H3_300m
H4_300m
H5_300m
H6_300m
H_500m
H1_500m
H2_500m
H3_500m
H4_500m
H5_500m
H6_500m
H_01km
H_05km
Pop_300m
Pop_500m
Children_500m
Foreigners_500m

Share of universitary graduates

Density of households within a 300 m Radius
Density of 1 people households within a 300 m Radiu
Density of 2 people households within a 300 m Radiu
Density of 3 people households within a 300 m Radiu
Density of 4 people households within a 300 m Radiu
Density of 5 people households within a 300 m Radiu
Density of 6 people households within a 300 m Radiu
Density of households within a 500 m Radius
Density of 1 people households within a 500 m Radiu
Density of 2 people households within a 500 m Radiu
Density of 3 people households within a 500 m Radiu
Density of 4 people households within a 500 m Radiu
Density of 5 people households within a 500 m Radiu
Density of 6 people households within a 500 m Radiu
Households density within a 1 km radius

Households density within a 5 km radius

Population density within a 300 m radius

Population density within a 500 m radius

Children (<18 years old) density within a 500 m vedi
Foreigner population’s density within a 500 m radiu
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[dummy]
[%0]
[%0]
[%0]
[%0]
[%0]

[100 m]
[dummy]
[100 m]

[LN of acc.

index]

[LN of acc.

index]

[LN of acc.

index]

[100 m]
[100 m]
[100 m]
[100 m]
[degree]
[100 ha]

[duminy

-]

(%]
[ha']
[ha]
[ha']
[ha]
[ha']
[ha]
[ha']
[ha]
[ha']
[ha]
[ha']
[ha]
[ha]
[ha]
[ha]
[ha]
[ha]
[ha]
[ha’]
[ha]

Web
IVT
IVT
IVT
IVT
IVT

VT
IVT
VT
IVT

VT

VT

VT
IVT
VT
IVT
VT
IVT
VT
IVT

VT
BfS
BfS
BfS
BfS
BfS
BfS
BfS
BfS
BfS
BfS
BfS
BfS
BfS
BfS
BfS
BfS
BfS
BfS
BfS
BfS



Swiss_500 Swiss population’s density within a 500 m radius [ha)] BfS

Retail_300m Number of working places in retail in a 300 m cedi [100 WP] IVT

Retail_1000m Number of working places in retail in a 1000 miuzd [100 WP] IVT

Hotel_300m Number of working places in hotels in a 300 m radiu [100 WP] IVT

Hotel_1000m Number of working places in hotels in a 1000 muadi [100 WP] IVT

Perc_Foreigners Proportion of foreigners (F.) in municipality [%6] BfS

Perc_Schengen Proportion of Schengen F. in municipality [%6] BfS

Perc_NW Proportion of Northwestern Schengen F. in munidipal [%6] BfS

Perc_SE Proportion of South/Eastern Schengen F. in munitjpa [%6] BfS

Perc_OutSchengen Proportion of Outside Schengen F. in municipality [%6] BfS

Year_2009* Advertisement of year 2009 [dummy] Web
Year_2010 Advertisement of year 2010 [dummy] Web
Year_2011 Advertisement of year 2011 [dummy] Web
Year_2012 Advertisement of year 2012 [dummy] Web
Year_2013 Advertisement of year 2013 [dummy] Web
*Base value
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4 Data analysis and description

In this chapter, the descriptive statistics of tfa¢aset used to build the hedonic regression
models are presented.

4.1 Immigration data

In this section, the immigration data are descrided analyzed. Data from 2006 to 2008 are
included in order to account for the whole effecth® free movement agreement’s adoption
in 2007.

4.1.1 Data description

To evaluate the immigration into Canton Zurich betww 2006 and 2013, two datasets of the
Swiss Federal Office for Migration and of the Statial Office of Canton Zurich have been
used. The first one records the number of foreigjmens according to their nationality for
each year and municipality. The second one con¢benwhole population data of the munic-
ipalities of Canton Zurich for the time range 2G4062013. Based on these sets, percentages
of each nationality have been calculated for alhimpalities of Canton Zurich. For the cities

of the Zurich and Winterthur, the calculated valuescern the whole municipalities and, un-
fortunately, not the particular Quarters.

4.1.2 Analysis

In order to capture variations among the variousignant housing styles, foreigners have
not only been studied as an aggregate, but als@nous categories. In fact, groups have
been built, for instance, for foreigners with naabty of a Schengen zone country or also on-
ly for Northwestern Europeans. This second grougsfgecially interesting, because it is ex-
pected that such foreigners class tends to beyhmldlified and therefore to have a higher
purchasing power. So, this population categorydtikely have a greater influence on rental
prices level than any other one. The various for@iggroups analyzed are detailed in Annex
Al.

Foreign population in 2013

Considering the percentages of foreigners per npadity for the year 2013 (Figure 6), it can
be noticed that the greatest concentrations acesge vicinity of the city of Zurich, especial-
ly Zurich itself, the Glatttal municipalities (Sdw#trn Dielsdorf and Bulach districts), the
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Limmattal (close to Dietikon) as well as some towimng the South side of the Lake of Zur-

ich (district of Horgen). Schlieren and Opfikon kathe highest values with 59.6% respec-
tively 56.6% of foreigners. The countryside like tBurich Oberland (South East of the map)
and the border to Canton Zug (South West of the)ast, on the contrast, the lowest shares
of foreign population.

Figure 6 Percentage of foreigners per municipaiit¢anton Zurich 2013

.

Data: Swiss Federal Office for Migration / Statiati Office of Canton Zurich (2014).
Boundaries: Swiss Federal Statistical Office (2013).

The spatial distribution trend shown for all foreggs holds as well for the Schengen zone cit-
izens (Figure 7). Also in this case, the immigratitsster around the city of Zurich and its
neighboring municipalities.
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Figure 7 Percentage of citizens coming from Schar@puntries per municipality in
Canton Zurich 2013

Data: Swiss Federal Office for Migration / StatiatiOffice of Canton Zurich (2014).
Boundaries: Swiss Federal Statistical Office (2013).

In a further step, dividing the Schengen populatioio its Northwestern and its South-

ern/Eastern part indicates some differences amloisggroup. Values for the Northwestern

countries of the Schengen group show a quite eéiffiepicture to the previous ones (Figure
8). In this case, the studied population clearlgfens attractive locations such as the city of
Zurich and both lake coasts, which argues in fasfathe assumption that this demographic
group tends to have a higher purchasing power timaraverage. The other municipalities of
Canton Zurich show a more or less uniform distituof lower percentages of this popula-
tion. A few places located in the East of the Caritave smaller values.
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Figure 8 Percentage of citizens coming from Nodstern Schengen countries per
municipality in Canton Zurich 2013

40

20

Data: Swiss Federal Office for Migration / Statiati Office of Canton Zurich (2014).
Boundaries: Swiss Federal Statistical Office (2013).

Considering the population coming from Southern Badtern Schengen countries, a slightly
different pattern than the Northwestern one caoliserved. Indeed, this group seems to be-
have in a similar way as the global foreigner papah, e.g. with higher percentages in the
city of Zurich and its whole agglomeration, as wadlWinterthur (Figure 9). However, high-
est concentrations are present in Limmattal mualtips (around Dietikon), where the
Northwestern show comparatively low values. Furtieme, prestigious locations along the
“Gold Coast” (Northern Coast of the Lake of Zuridtgve very small percentages of South-
western and Eastern Europeans. These facts mayiadhat this group has a lower earning
power than the Northwestern one and should inflaeeats to a smaller extent.
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Figure 9 Percentage of citizens coming from Sauthed Eastern Schengen countries
per municipality in Canton Zurich 2013
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Data: Swiss Federal Office for Migration / Statiati Office of Canton Zurich (2014).
Boundaries: Swiss Federal Statistical Office (2013).

Finally, the spatial distribution of the foreignggdation, which comes from countries outside
the Schengen zone follows as well a similar tremtha one shown by the total population of
foreigners. However, the municipalities of the @&t (close to Dietikon) and Limmattal
(Southern Dielsdorf and Bulach districts), whicle &nown for their cheaper rents, have the
peak values for this demographic group.
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Figure 10 Percentage of citizens coming from detf Schengen per municipality in
Canton Zurich 2013

Data: Swiss Federal Office for Migration / Statiati Office of Canton Zurich (2014).
Boundaries: Swiss Federal Statistical Office (2013).

Further maps, which show the relative percentag¢éhefvarious demographic categories
compared to the foreigner populations of each mpality for 2013, are available in Annex
Al

Evolution since 2006

Looking at the evolution of the analyzed groupsmMeein 2006 and 2013, it can be observed
that the main settlements, which have been disduss@revious section, are usually the
same locations where the highest growth has takese pindeed, the aggregated population
of foreigners shows a greater increase in the #ycof Zurich (values of about 15% growth)

than in the other municipalities in the countrys{g@alue range between 0 and 5% growth).
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However, some municipalities lying at the bordethwsermany (Northern part of the district
of Bulach and Western border of the district of Alfithgen) also show high growth values
for the studied time period (Figure 11). This fappears also when observing the values for
the citizens coming from Northwestern Schengen ttas (Figure 12) and seems to be
mainly due, on one hand, to the arrival of Germiéimens and, on the other hand, to the rela-
tive small size of the concerned municipalitieg, @ few 1’000 of inhabitants or less (district
of Bulach, Figure 32). It should also be noticéattfor any municipality, no reduction in the
number of the foreigners can be observed. The pexge changes of the foreigner groups
shown in the following maps are calculated in thés/:

APercentage = Percentage,,,3 — Percentage,gos  (11)

Figure 11 Change [in % of the municipal populatioh the foreigner proportion per
municipality in Canton Zurich between 2006 and 2013

Data: Swiss Federal Office for Migration / StatiatiOffice of Canton Zurich (2014).
Boundaries: Swiss Federal Statistical Office (2013).
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Basically, the evolution of the concentrations Karthwestern Schengen citizens observed in
Figure 12 is consistent with the statements madagluhe analysis of the percentages of
year 2013. In fact, highest growth of this popwatgroup took place in the most prestigious
locations of Canton Zurich, e.g. the city of Zurittelf as wells as the coasts of the Lake of
Zurich. However, in contrast to this, some munitigs of the Glatttal as well as the suburb
of Schlieren saw also a great change of the andlgapulation, even if they traditionally are
of poorer reputation. Thus, beside of the locatiorenity, the proximity to Zurich city seems
to be of high importance for this demographic grofip an exception, some border munici-
palities in the North of the canton seem to be alspy attractive for the Northwestern
Schengen citizens.

Figure 12 Change [in % of the municipal populatiohthe proportion of Northwestern
Schengen citizens per municipality in Canton Zubebtween 2006 and 2013

Data: Swiss Federal Office for Migration / Statiati Office of Canton Zurich (2014).
Boundaries: Swiss Federal Statistical Office (2013).
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Further maps describing the evolution of the othemnographic groups can be consulted in
the Annex A 1. The percentage change of these graupch is also presented in the Annex
(maps of brown color), is calculated in the follaggimanner:

Group,population —Group,population
AChange[%] — p,pop 2013 : p,pop 2006 100 (12)
Group,population;,goe

4.2 Real estate data

This section describes and analyses the real eddtdie In contrast to the demographic data,
the real estate data cover only the time perio®20i2013.

4.2.1 Data description

The real estate data, which are used to estimatestiression models, are web based adver-
tisements with the addition of data provided by lin&itute of Transport Planning and Sys-
tems of ETH Zurich. The internet data contain infation about the rental unit characteris-
tics such as the gross rent price per month, tingbeu of rooms or the living area’s size. Ad-
ditional data of IVT concern mainly the locationachcteristics of the real estate (e.g. acces-
sibility, lake view, etc.). In total, the used dsgtincludes about 300’000 unique observa-
tions, which range over the years 2009 to 2013.

4.2.2 Analysis

The analysis of the real estate data focusseseovattiables number of rooms, net living area,
monthly gross rent and gross rent pet More information about further variables of the

housing dataset can be found in Annex A 2. It sthdn@ noted that all the rent values, which

are used in this study, are asking prices of tlemaparket. Thus, these rents may fairly differ
from the transaction values of the entire realtestaarket. Furthermore, these values only re-
flect the price level of the new rentals, but nbthe existing ones.

Number of rooms

According to Figure 13, the number of rooms per ltimge unit is about uniformly distribut-

ed, in the housing dataset, between 1 to 5 roonstighAtly higher peak occurs for the catego-
ry 3 to 4 rooms. Housing sizes greater than 5 algmesent in very few examples. Compar-
ing now the survey'’s distribution with the one adr@on Zurich in 2012 (Figure 14), it can be
stated that the housing dataset clearly includesvan-representation of residential units of
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smaller sizes (e.g. 2 rooms and less). Neverthdllesdata of Canton Zurich concern rental

units that are permanently inhabited and not thesdhat are on the real estate market. It is
also probable, that apartments of smaller size hayeater turnover rate than the other ones,
explaining this over-representation.

Figure 13 Distribution of the number of rooms geselling unit
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Figure 14 Distribution of the number of rooms geselling unit in Canton Zurich 2012
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Figure 15 illustrates the spatial distribution loé taverage number of rooms per dwelling unit
and per municipality, according to the web basedkdements. The white areas concern
municipalities that do not have any data and ttats, cannot be analyzed. The represented
spatial pattern indicates that urban areas sucheasities of Zurich and Winterthur, as well
as most of the suburbs of Zurich, show the smafizsts of dwelling unit. Considering the
higher demographical pressure occurring in thesasarthis fact is not surprising. In contrast,
it can be stated that the highest values are faustdme countryside’s towns. The shores of
the Lake of Zurich, as traditional residential zenare also related with slightly higher sizes
of dwelling units than in the vicinity of Zurich §i Within the cities of Zurich and Winter-
thur, some variations may be noticed among the ©sarindeed, the Eastside of Winterthur
seems to have rental units of greater size thanesteof the city. In Zurich, the distribution is
quite uniform (main range between 2.5 and 3 room&) slightly higher values for the
Quarters 2 and 7, respectively slightly smallertha Quarter 4.

Figure 15 Average number of rooms per dwelling and per municipality (left picture)
respectively per Quarter (right picture)
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Data sourceweb based housing advertisements (2009-2013)
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Net living area

The variable net living area shows a kind of noruhatribution around its average value of
83 nt, but with a tail on the right (after 150°mThis average dwelling unit size is quite
smaller than the Canton Zurich effective averadaevaf 97 m3.° This fact can be explained
by the over-representation in the housing databeipartments having a small number of
rooms and the differences existing between apatsmgurably inhabited and the ones that
are offered on the real estate market, as mentionée: previous subsection.

Figure 16 Distribution of the net living areajrper dwelling unit
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The presence of smaller dwelling units in urbarasreompared to the countryside, which is

described in the analysis of the number of roonrsapartment, can be also observed in the
spatial distribution of the average net living aosar the Canton Zurich (Figure 17). Consid-

ering the cities of Zurich and Winterthur, it cam dbserved that all the Quarters show values
that are equal to or smaller than the averagejiikke other dense-built areas of Canton Zur-
ich. It can be noticed that, for the city of Zuridhe pattern for the living area size is con-

sistent with the one for the number of rooms. lalextreme values are found in Quarters 2
and 7, respectively in Quarter 4.

® Statistical Office of Canton Zurich (2013)
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Figure 17 Average net living area fmper dwelling unit and per municipality (left
picture) respectively per Quarter (right picture)
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Monthly gross rent

Figure 18 represents the distribution of the montiross rent variable. It can be observed
that most of the values range between 1’500 an@EHF per month, with an average of
2’008 CHF per month. Removing the average extraoéthe sample (220 CHF per month)
from this value, we obtain an average monthly eat of about 1’790 CHF per month. This
value is considerably higher than the cantonalay@of 1'525 CHE Nevertheless, it has to
be mentioned that the cantonal average concerial nemits that are durably inhabited and
that typically show lower average rents than neart@pents, or real estate objects with high-
er turn-over rate. Furthermore, the rental pridethe housing dataset are advertisement val-
ues, which might differ from market values.

" Swiss Federal Statistical Office (2013)
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Figure 18 Distribution of the monthly gross re@HF] per dwelling unit
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The spatial pattern of the average monthly gross (feégure 19) shows that the majority of
the municipalities of Canton Zurich, the citieszofrich and Winterthur included, have values
ranging between 1'500 and 2’200 CHF/month. Howetreste is a hotspot situated in the vi-
cinity of Zurich, along the lake. Especially the muipalities of the “Gold Coast” (District
Meilen) show higher gross rental prices than tis¢ oéthe Canton, with average values rang-
ing between 3'500 and 4'000 CHF per month. The cftyinterthur shows a quite uniform
spatial pattern, with average rental prices of @' TEBHF per month, or less. Concerning the
city of Zurich, the Quarters situated downtown amdthe shore of the lake clearly show
higher average gross rent values than the rekedfity, which is not surprising.
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Figure 19 Average monthly gross rent [CHF] per bing unit and per municipality (left
picture) respectively per Quarter (right picture)
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Figure 20 describes the relation between the numwieoms of a rental unit and its monthly
gross rent. It can be noticed, that this relatioovgs first a linear increase between 1 and 2.5
rooms, afterwards a slighter rent augmentatioratllrooms size and finally a higher increase
than before till 6 rooms per apartment. Basicdlig states that the used sample shows a pos-
itive, but non-linear, correlation between the nembf rooms and the rental price, which
makes actually sense. However, the comparison eetweure 15 and Figure 19 indicates
that further local characteristics may greatlyuefice the rent level. For instance, the city of
Winterthur shows a quite high average number ofm®but, in contrast, a low level of aver-
age rental prices.
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Figure 20 Boxplots of the average monthly gross f€HF] in relation to the number of
rooms of the dwelling unit
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Monthly gross rent per m?

Figure 21 indicates that the most of the monthbysgrrents per firange between 10 and 50
CHF per m, with a proportion of about 60% between 30 andC#F per M. Values higher
than 50 CHF per frare, for this dataset, really exceptional.
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Figure 21 Distribution of the monthly gross reat pf [CHF] and per dwelling unit
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Data sourceweb based housing advertisements (2009-2013)

The spatial pattern for the gross rent pér(Rigure 22) slightly differs from the one for the
monthly gross rent (Figure 19). In fact, we canesbs that a majority of the municipalities of
Canton Zurich shows average values ranging bet@@emnd 25 CHF per mThe municipal-
ities situated in the North of the Canton divengaf this trend, having average monthly rents
per nf of less than 20 CHF. In contrast, the municipaditiying on the shores of the Lake of
Zurich, the city of Zurich included, show valuestlare above the cantonal average. This
seems to indicate that the farer from the Lakethadtity of Zurich the municipalities are sit-
uated, the lower are, in average, their monthlyaieprices per rh This pattern (distance to
Downtown Zurich and Lake) is also verified withlretboundaries of the city of Zurich.
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Figure 22 Average monthly gross rent pef ftHF], per dwelling unit and per
municipality (left picture) respectively per Quarteght picture)
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Data sourceweb based housing advertisements (2009-2013)

Further maps describing the change of the monthdgsyrent, respectively of the monthly
gross rent per Mmare presented in the Annex A 2. The plotted \saare calculated, for each
municipality, in the following way:

AverageRent —AverageRent
Change[%] = gerenanta 9e 2009 100 (13)
AverageRent,yg9

4.3 Potentially relevant variables

Table 2 introduces the descriptive statistics ef plotentially relevant variables that may be
used for the hedonic modelling.
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Table 2 Descriptive statistics of potentially redav variables to model the relation
between housing price and immigration level

Variable Unit Min Mean Median Max SE
Dependent Variable

Rent [CHF] 200.000 2'008.000  1'800.000 10'000.000 1'063.594
RentPerSQM [CHF] 0.772 26.755 23.890 260.000 10.732
Building related explanatory variables

Room [] 1.000 3.323 3.500 10.000 1.279
Living_Area [m? 10.000 82.970 80.000 300.000 37.019
Story [] 0.000 1.720 2.000 20.000 1.486
Stories [ 1.000 4.495 4.000 43.000 2.308
Res_Units [] 1.000 10.920 8.000 155.000 11.066
Parcel_Size [a] 0.034 4.169 1.600 1'713.162 11.115
Land_Value [CHF/mz] 220.600 1'083.400 841.000 2'203.100 477.293
Attic [dummy] 0.000 - - 1.000 -
Balcony [dummy] 0.000 - - 1.000 -
Fire [dummy] 0.000 - - 1.000 -
Garden [dummy] 0.000 - - 1.000 -
Terrace [dummy] 0.000 - - 1.000 -
Agel [dummy] 0.000 - - 1.000 -
Age2 [dummy] 0.000 - - 1.000 -
Age3 [dummy] 0.000 - - 1.000 -
Aged [dummy] 0.000 - - 1.000 -
Age5* [dummy] 0.000 - - 1.000 -
Resi_Perc [%] 0.000 84.110 96.920 100.000 25.114
Retail_Perc [%] 0.000 4.188 0.000 100.000 13.485
Office_Perc [%] 0.000 5.781 0.000 100.000 15.564
Indus_Perc [%] 0.000 4.636 0.000 100.000 13.837
Location related explanatory variables: structural

Dist_Highway [100 m] 0.164 19.537 15.850 95.407 13.123
Highway [dummy] 0.000 - - 1.000 -
Dist_Station [100 m] 0.707 8.577 7.382 56.502 5.906
Acc_Car [LN of acc. index] 7.825 9.977 10.017 10.720 0.330
Acc_PT [LN of acc. index]  -18.590 11.460 11.640 12.900 1.335
Acc_Tot [LN of acc. index] 8.607 11.752 11.827 12.989 0.703
Dis_School [100 m] 0.020 3.870 3.430 19.830 2.388
Dis_Kindergarten [100 m] 0.020 3.540 2.860 19.990 2.770
Dis_CBD_ZzH [100 m] 1.300 97.640 84.980 363.150 64.647
Dis_CBD_Winterthur [100 m] 0.430 181.740 192.710 371.750 75.440
Slope [degree] 0.000 3.5658 2.561 32.602 3.378
Lake_View [100 ha] 0.000 4.596 0.000 81.540 10.755
Lake_dummy [dummy] 0.000 - - 1.000 -
Sun_Eve [ 0.000 14.051 0.585 1'104.361 96.264
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Univ [%] 1.200 8.924 7.061 19.223 4,183
Oowner [%] 6.570 20.560 20.620 67.400 13.485
Location related explanatory variables: socio-econoia

H_300m [ha] 0.000 32.720 27.910 144.480 19.935
H1_300m [ha’] 0.000 13.267 9.903 75.970 11.055
H2_300m [ha] 0.000 9.790 8.594 42.017 5.649
H3_300m [ha’] 0.000 3.993 3.749 13.687 1.920
H4_300m [ha] 0.000 3.317 3.218 9.691 1.366
H5_300m [ha’] 0.000 1.511 1.485 5.022 0.627
H6_300m [ha] 0.000 0.842 0.743 3.643 0.496
H_500m [ha’] 0.000 28.750 24.090 126.390 18.529
H1_500m [ha] 0.000 8.878 5.006 90.721 11.206
H2_500m [ha’] 0.000 6.785 5.564 31.424 5.237
H3_500m [ha] 0.000 2.249 2.001 10.746 1.492
H4_500m [ha'l] 0.000 2.110 2.012 8.395 1.141
H5_500m [ha] 0.000 0.856 0.779 3.808 0.558
H6_500m [ha'l] 0.000 0.327 0.229 3.031 0.404
H_01km [ha] 0.029 17.943 14.451 75.303 13.495
H_05km [ha] 0.000 24.310 20.270 108.030 16.605
Pop_300m [hal] 0.000 64.150 57.050 259.810 36.761
Pop_500m [hal] 0.000 50.500 44.310 197.120 30.700
Children_500 [ha] 0.000 11.522 11.064 30.329 4.914
Foreigners_500 [hal] 0.000 15.200 12.060 71.720 11.670
Swiss_500 [hal] 0.000 35.410 31.420 127.180 20.000
Retail_300m [100 WP] 0.000 0.748 0.240 41.920 2.046
Retail_1000m [100 WP] 0.000 5.929 2.523 93.283 11.835
Hotel_300m [100 WP] 0.000 0.783 0.200 25.763 1.918
Hotel_1000m [100 WP] 0.000 5.505 1.363 108.980 12.736
Perc_Foreigners [%6] 4.326 28.358 29.073 59.595 7.912
Perc_Schengen [%6] 2.765 17.943 18.266 33.740 4.426
Perc_NW [%6] 1.382 9.771 9.781 18.589 3.030
Perc_SE [%)] 0.327 8.172 8.225 26.307 3.038
Perc_OutSchengen [%6] 0.166 10.414 10.943 30.065 4.527
Year_2009* [dummy] 0.000 - - 1.000 -
Year_2010 [dummy] 0.000 - - 1.000 -
Year_2011 [dummy] 0.000 - - 1.000 -
Year_2012 [dummy] 0.000 - - 1.000 -
Year 2013 [dummy] 0.000 - - 1.000 -
*Base value
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5 Hedonic regression

This chapter first introduces the estimation of ghebal hedonic models and, subsequently,
of the SAR models. Among others, justifications tloe exclusion of some variables are pro-
vided. Then, the results of both OLS and SAR modsdsntroduced and described.

5.1 Model estimation

This section presents the process applied for ¢hienation of the global and of the SAR
models.

511 Global models

Two main groups of models have been estimated rdicgpto the independent variable. The
aim of the first group is to describe the natuogldrithm of the monthly gross rent, while the
second group has to explain the monthly grosspentt. Furthermore, both groups are sep-
arated into three further types, according to wHimteigner category is included into the
model. Finally, there are 6 different regressiordals, which are estimated in the context of
this thesis. The relevant variables of these sixdehtypes are introduced in the following
subsections. The model numbers 1 to 3 concernnittependent variablen(Rent)and the
numbers 4 to 6 the variabRentPerSgm

OLS models 1to 3 (Rent)

Table 3 introduces the relevant variables for the& @nodels 1 to 3, after the exclusion of
several explaining variables because of statisinsadjnificance or correlation with other sig-
nificant variables (Table 17 to Table 24). Numberdrackets specify for variables, which
are only included in some of the three models, haclvmodel they belong. The share of uni-
versity graduates cannot, for instance, be includgdther with the proportion of foreigners
coming from Northwestern Schengen countries, becatifigh correlation existing between
these two variables (Table 23). The same probletnredbetween the proportion of citizens
coming from countries of the Southern/Eastern Sgberzone and the ones coming from
outside of the Schengen zone.

Concerning the structural characteristics of thidimg, the variableBalconyhas been ex-
cluded because of the peculiar relation it shows Wwn(Rent)and RentPerSgmwithin the
used dataset. Indeed, according to the housingetatae presence of a balcony would be re-
lated with a lower rental price, which is not iiwe (Figure 37 and Figure 38). It has been
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tried to find an explanation to this relation (fimstance a higher presence of balcony in
apartments of smaller sizes), but without any ss&Cc€hus, this variable has been removed to
avoid the modeling of misleading effects.

About the structural part of the spatial explamatmariables, the distance to Zurich
(Dist_CBD_ZH has been removed because of its correlation seteral foreigner categories
and with the highly statistically significaitcc_Totvariable (Table 21). However, the dis-
tance to Winterthurist_ CBD_Winterthuy has been excluded because of statistical insignif
icance. To account for the effect of the view diake on the rental prices level, the dummy
variableLake_dummyas been preferred to the visible lake’s drale View This approach

Is among others motivated by the fact, that ab&3 of the observations do not have any
view on a lake.

Concerning the socio-economic explanatory varialihes variablePop_300mis preferred to
the variable~oreigners_500nin order to account for the total population’s signin the vi-
cinity of the unit. Indeed, both variables cannetused at the same time in the regression
model because of high correlation existing amomgttfTable 21). It has to be noticed, that
Foreigners_300nmas a deflationary effect on the rent level. Hogrethis explanatory varia-
ble shows higher values for smaller rental unitBjcl are traditionally related with lower
rents and is overrepresented into the sample (®ed4tR.2). Always because of correlation is-
sues with the variablBop _300mthe whole set of variables concerning househdédsities
cannot not be integrated into the models (Table ZBg correlation betweeRetail _300m
andHotel_300mprevents as well their combined use. The vari&geel_300mis preferred
because of its higher influence on the explaingthlte, for a similar statistical significance
level. Finally, the integration of the dummy vatedYear 2010Year 2011Year 2012and
Year_2013s motivated by the need of taking the effectshaf business cycle on the rental
prices into account.
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Table 3 Description of the relevant variables for OLS Models 1, 2 and 3

Variable Description Unit
Dependent Variable

Ln(Rent) Monthly gross rent [CHF]
Building related explanatory variables: structural

Room Number of rooms []
Story Story []
Stories Number of building stories []
Attic Dwelling unit is an attic [dummy]
Garden Dwelling unit has a garden [dummy]
Terrace Dwelling unit has a terrace [dummy]
Agel Constructed till 1930 [dummy]
Age2 Constructed between 1931 and 1950 [dummy]
Age3 Constructed between 1971 and 1990 [dummy]
Aged Constructed since 1991 [dummy]
Spatial explanatory variables: structural

Dist_Highway Distance to highway ramp (as the cfi@s) [200 m]
Highway Highway within a 100 mradius [dummy]
Dist_Station Distance to railway station (as the crow flies) [G0
Acc_Tot SumofAcc_Car and Acc_PT [LN of acc. index
Slope Land slope [degree]
Lake_dummy Dwelling unit has lake visibility [dummy]
Ln(Sun_Eve) Evening solar exposure index []
Spatial explanatory variables: socio-economic

Univ (2) (3) Share of universitary graduates [%]
Pop_300m Population density within a 300 mradius [ha'l]
Hotel_300m Number of working places in hotels/restaurants 30@m radius [100 WP]
Perc_Foreigner§3) Proportion of foreigners (F.) in municipality

Perc_Schenge(?) Proportion of Schengen F. in municipality [%0]
Perc_NW(1) Proportion of Northwestern Schengen F. in munidipal [%]
Perc_SKE1) Proportion of South/Eastern Schengen F. in munligipa [%]
Perc_OutSchengg2) Proportion of Outside Schengen F. in municipality 1[%
Year_10 Observation from 2010 [dummy]
Year_11 Observation from 2011 [dummy]
Year_12 Observation from 2012 [dummy]
Year_13 Observation from 2013 [dummy]

() Model number

OLS models 4 to 6 (RentPerSQM)

The estimation of the OLS models 4 to 6 mainlye®lon the methodology applied for the
previous models group. The only changes are thieigras of the variableSardenandSto-
ries because of statistical insignificance issues (& dhl
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Table 4 Description of the relevant variables far OLS Models 4, 5 and 6

Variable Description Unit
Dependent Variable

RentPerSgm Monthly gross rent per%’n [CHF]
Building related explanatory variables: structural

Room Number of rooms []
Story Story []
Attic Dwelling unit is an attic [dummy]
Terrace Dwelling unit has a terrace [dummy]
Agel Constructed till 1930 [dummy]
Age2 Constructed between 1931 and 1950 [dummy]
Age3 Constructed between 1971 and 1990 [dummy]
Aged Constructed since 1991 [dummy]
Spatial explanatory variables: structural

Dist_Highway Distance to highway ramp (as the cfi@s) [200 m]
Highway Highway within a 100 mradius [dummy]
Dist_Station Distance to railway station (as the crow flies) [G0
Acc_Tot Sumof Acc_Car and Acc_PT [LN of acc. index
Slope Land slope [degree]
Lake_dummy Dwelling unit has lake visibility [dummy]
Ln(Sun_Eve) Evening solar exposure index []
Spatial explanatory variables: socio-economic

Univ (5) (6) Share of universitary graduates [%]
Pop_300m Population density within a 300 m radius [ha']
Hotel_300m Number of working places in hotels/restaurants 30@m radius [100 WP]
Perc_Foreigner&s) Proportion of foreigners (F.) in municipality

Perc_Schenge(b) Proportion of Schengen F. in municipality [%]
Perc_NWw(4) Proportion of Northwestern Schengen F. in munidipal [%]
Perc_SH4) Proportion of South/Eastern Schengen F. in munligipa [%)]
Perc_OutSchengg®) Proportion of Outside Schengen F. in municipality 1%
Year_10 Observation from 2010 [dummy]
Year_11 Observation from 2011 [dummy]
Year_12 Observation from 2012 [dummy]
Year_13 Observation from 2013 [dummy]

() Model number

5.1.2 SAR models

The Moran’s | statistics values for the residudlthe global models indicate that a slight, but
very significant, positive spatial autocorrelatierists among the data (Table 5). Thus, the
use of SAR methodology should, in the present daad,to an improvement of the model re-
liability. The three following SAR model types haleen tested in the context of this study:
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the SARag, the SARerror and the SARix (also called Durbin model). Unfortunately, the
computing of SAC models has not been successfalusecof the large dataset.

Table 5 Moran’s | statistics for the residualstad global OLS models 1 to 6*
Model | Statistic P-Value
1 0.0589 < 2.2e-16
2 0.0570 < 2.2e-16
3 0.0571 < 2.2e-16
4 0.0572 < 2.2e-16
5 0.0574 < 2.2e-16

6 0.0578 < 2.2e-16

* computed with a k-nearest weighting matrix
using 10 neighbors and distance decay

There are several approaches that can apply whisdingua neighboring weighting matrix
for computing SAR models. In this thesis, the kreeamethod has been elected. This means
that we choose a fix number of neighboring poimsose potential influence on the observa-
tion point is taken into account during the modsimeation. Only the data of the same year
have been taken into account when computing thexm&everal numbers of neighbors have
been tested, ranging from 3 to 10. The models usthgeighbors show, for all analyzed re-
gressions, the best quality regarding the valut@fadjusted & Furthermore, a distance de-
cay for the influence of the neighbors has beeegmaited into the weighting matrix. Indeed,
the 10 neighbors are usually not distributed unilgraround the observation point and some
neighbors may be situated a few meters aroundgewvatiier ones are several kilometers away
(especially in the countryside). Thus, this apphoecrrects the influence of a neighbor, ac-
cording to the inverse of its distance to the aredlyobservation point:

1
Distance[in meters]

Factoryequction = (14)

To solve the issue of a distance of 0 m betweendlas®ervation points, a factor of 0.1 was
computed, which corresponds in reality to a distaot 10 m. Including a distance decay
when estimating the neighboring weighting matriads, in this context, to an improvement
of the model’s quality regarding the adjustetivRlue. Thus, all the SAR models that are pre-
sented in this study are computed with 10 neamaghbors, whose weight was corrected by a
reduction factor based on the distance as the flr@svto the observation point.

42



In order to account for spatial heterogeneity issitewvould have been desirable to also esti-
mate GWR models. However, considering the largeprdimg effort that would have been
needed in addition to the tight timing, the redl@a of this extension has had, unfortunately,
to be abandoned.

5.2 Regression results

This section presents the results of the global @idslels as well as the results of the SAR
models.

521 Global models

The results of the global models are presentedhentwo further subsections, according to
which independent variable they describe.

OLS models 1to 3 (Rent)

Table 6 introduces the coefficient estimates of tiedel 2 with their statistics. The model
shows an adjusted®Ralue of 0.6573, which means that about 65% ofvéimgation of the
dependent variablen(Rent)is explained by the variations of the model vdgablt can be
noticed that the great majority of the parametéimedes have high statistical significance.
For the variable®ist Highwayand Stories the statistical significance is a bit reduced ac-
cording with p-values of 0.009, respectively 0.085t remains notable. In contrast, one vari-
able of the dummy series for catching the busiogske effects Year_10 is less significant
(p-value of 0.097).

The two further models of the first group are preésd in the Annex (Table 25 and Table 26).
They show similar values as the ones presenteavbélowever, some differences can be ob-
served for the variablbist_Highway(positive in the OLS model 1) and for the set windny
variables, which account for the business cycletians (Year_ 10 etc.).

Table 7 summarizes the coefficient values andssiegifor the variables that describe the for-
eigner groups. Furthermore, the coefficient est@mare interpreted in terms of effect (with
units) on the dependent variable.
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Table 6 Description of the global OLS model 2

Variable Coefficient SE p-value
Intercept 5.78100 0.01632 < 2E-16
Dependent variable
Ln(Rent)
Building related explanatory variables: structural
Room 0.22890 0.00046 <2E-16
Story 0.01626 0.00040 <2E-16
Stories 0.00064 0.00029 0.025
Attic 0.16520 0.00358 <2E-16
Garden 0.02735 0.00234 <2E-16
Terrace 0.11520 0.00272 <2E-16
Agel 0.14810 0.00189 <2E-16
Age2 0.08608 0.00185 <2E-16
Age3 0.05136 0.00141 <2E-16
Aged 0.20080 0.00160 <2E-16
Spatial explanatory variables: structural
Dist_Highway -0.00013 0.00005 0.009
Highway -0.07014 0.00436 < 2E-16
Dist_Station -0.00161 0.00010 <2E-16
Acc_Tot 0.04432 0.00150 < 2E-16
Slope 0.00366 0.00019 <2E-16
Lake_dummy 0.12440 0.00140 < 2E-16
Log(Sun_Eve) 0.00541 0.00023 < 2E-16
Spatial explanatory variables: socio-economic
Univ 0.02063 0.00027 <2E-16
Pop_300m -0.00025 0.00002 <2E-16
Hotel 300m 0.02646 0.00034 <2E-16
Perc_Schengen 0.00640 0.00025 < 2E-16
Perc_OutSchengen 0.00110 0.00023 2.5E-06
Year_10 -0.00349 0.00210 0.097
Year_11 0.00773 0.00198 9.5E-05
Year_12 0.02980 0.00198 <2E-16
Year_13 0.02942 0.00205 <2E-16
Adiusted R°= 0.6573
AIC =-2084.6
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Table 7 Coefficient estimates of the foreigner gouariables with their statistical
values for the OLS models 1 to 3

Variable Model number Estimate SE p-value Effect*
Perc_Foreigners 3 0.00362 0.00009 <2E-16 0.36%
Perc_Schengen 2 0.00640 0.00025 <2E-16 0.64%
Perc_NW 1 0.02641 0.00027 <2E-16 2.64%
Perc_SE 1 -0.00172 0.00020 <2E-16 -0.17%
Perc_OutSchegen 2 0.00110 0.00023 2.5E-06 0.11%

*Effect on the dependent variable [in %] of a 1-%irg change of the explanatory variable

OLS models 4 to 6 (RentPerSQM)

The coefficient estimates and statistics shown abl@ 8 are similar to the values that are
computed for the models 4 and 6 (Table 27 and Ta8)e They are also mostly consistent
with the estimates of the models 1 to 3. Howevermay notice the deflationary effect of the
variableRoomon the rental price per3mwhich is, in contrast, inflationary for the depent
variable monthly gross rent. Also, for all the #amaodels 4 to 6, the variadist Highway
has a positive effect on the explained variabletHemmore, it can be observed that one of the
building’s age categoryAge3 is statistically insignificant for all the thré8LS models dis-
cussed in this subsection. When looking to thesidjiR- indicator of the model 5, it can be
noticed that it is of poorer explanatory qualitaththe model 2 (Table 6). The coefficient es-
timates concerning the foreigner categories, a$ agetheir main statistical values, are pre-
sented in Table 9. Although the majority of tharaates are consistent with the results of the
previous models group (Table 7), the citizens cgnimom countries situated outside of the
Schengen are, for the present model group, seemve a deflationary effect on the rental
prices.
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Table 8 Description of the global OLS model 5

Variable Coefficient SE p-value
Intercept 11.24498 0.59249 < 2E-16
Dependent variable
RentPerSQM
Building related explanatory variables: structural
Room -2.76378 0.01693 < 2E-16
Story 0.17275 0.01335 <2E-16
Attic 3.19652 0.12598 < 2E-16
Terrace 1.03825 0.09649 <2E-16
Agel 5.19411 0.06982 <2E-16
Age2 0.67426 0.06783 <2E-16
Age3 -0.03568 0.05094 0.484
Aged 1.36821 0.05656 <2E-16
Spatial explanatory variables: structural
Dist_Highway 0.00397 0.00185 0.032
Highway -2.64801 0.16338 < 2E-16
Dist_Station -0.04048 0.00361 < 2E-16
Acc_Tot 1.10988 0.05441 < 2E-16
Slope 0.11448 0.00679 < 2E-16
Lake _dummy 2.99778 0.05056 < 2E-16
Log(Sun_Eve) 0.13868 0.00831 < 2E-16
Spatial explanatory variables: socio-economic
Univ 0.44386 0.00957 <2E-16
Pop_300m 0.02351 0.00065 <2E-16
Hotel_300m 1.35822 0.01255 <2E-16
Perc_Schengen 0.15772 0.00908 < 2E-16
Perc_OutSchengen -0.03156 0.00845 1.87E-04
Year_10 -0.10333 0.07706 0.180
Year_11 0.33564 0.07226 3.41E-06
Year_12 1.03811 0.07210 <2E-16
Year_13 0.67304 0.07451 <2E-16

Adiusted R°= 0.4361
AIC =1'351'100.0

46



Table 9 Coefficient estimates of the foreigner gouariables with their statistical
values for the OLS models 4 to 6

Variable Model number Estimate SE p-value Effect*
Perc_Foreigners 6 0.05907 0.00333 <2E-16 0.06
Perc_Schengen 5 0.15772 0.00908 <2E-16 0.16
Perc_NW 4 0.61154 0.00955 <2E-16 0.60
Perc_SE 4 -0.08762 0.00720 <2E-16 -0.09
Perc_OutSchegen 5 -0.03156 0.00845 1.87E-04 -0.03
*Effect on the dependent variable [in CHF/(mom:f)] of a 1-% point change of the explanatory
variable

5.2.2 SAR models

The results of the SAR models are presented intviloefurther subsections, according to
which independent variable they describe.

SAR models 1 to 3 (Rent)

In order to estimate the improvement of the modeliality when using SAR models rather
than OLS, the Akaike Information Criterions (AlC)tbe different models are computed. As
a reminder: a smaller AIC value means a better itnqakdity. However, the interpretation of
the AIC has to be relative: the greater the difieezbetween the OLS model and its SAR
version, the greater the quality improvement. Tdlflesummarizes the differences between
the criterion of the OLS and the criterion of thRSmodels. First, it can be observed that all
the SAR models lead to an improvement of the medgliality in comparison to the tradi-
tional OLS models. However, the SARor and SARnix models show systematically a
greater improvement than the SIAB model. Nevertheless, the estimated $fRmodels
are, in this special case, related with missingmated statistical values for the lagged varia-
bles (Table 34 to Table 36). This issue may raeesconcerns with respect to the reliability
of the models outcome. For this reason, this suiosefocusses on the results of the AR
ror models, which seem to be the more accurate abtestR models in the present con-
text. The results of the SA&Yy (Table 29 to Table 31) and SARX (Table 34 to Table 36)
models can be consulted in the Annex A 3.
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Table 10 Difference between the AIC value of theSOkgressions and of the various
types of SAR regressions*

Type Model number

1 2 3
SARlag 1605.: 1458.¢ 1485.!
SARerror| 3365.: 3140.: 3145.¢
SARmMix 3485.: 2991.. 3006.:

*The values correspond to (AdCs - AICsaR)

Table 11 introduces the coefficient estimates lier $ARerror model 2. We can observe that
the values computed by the S&fRor model are consistent with the ones computed by the
OLS regression (Table 6). The only differences aterconcern the business cycle dummy
variables (e.g. the positive and statistically gigant coefficient estimate ofear_10. Also

for the variables describing the foreigner groupab{e 12), only very slight variations of the
estimates, in comparison to the OLS values, caobiserved. The autoregression coefficient
Lambdais, according to its p-value, very significant asfiows a non-negligible value of
0.251.
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Table 11 Description of the SA#Ror model 2

Variable Coefficient SE p-value
Intercept 5.75340 0.01675 <2.2E-16
Dependent variable
Ln(Rent)
Building related explanatory variables: structural
Room 0.22834 0.00046 <2.2E-16
Story 0.01632 0.00040 <2.2E-16
Stories 0.00072 0.00029 0.012
Attic 0.16680 0.00356 <2.2E-16
Garden 0.02774 0.00233 <2.2E-16
Terrace 0.11456 0.00271 <2.2E-16
Agel 0.14656 0.00190 <2.2E-16
Age2 0.08443 0.00185 <2.2E-16
Age3 0.05130 0.00143 <2.2E-16
Aged 0.19894 0.00161 <2.2E-16
Spatial explanatory variables: structural
Dist_Highway -0.00005 0.00005 0.390
Highway -0.07149 0.00441 <2.2E-16
Dist_Station -0.00150 0.00010 <2.2E-16
Acc_Tot 0.04632 0.00154 <2.2E-16
Slope 0.00362 0.00019 <2.2E-16
Lake _dummy 0.12317 0.00143 <2.2E-16
Log(Sun_Eve) 0.00528 0.00024 <2.2E-16
Spatial explanatory variables: socio-economic
Univ 0.02042 0.00027 <2.2E-16
Pop_300m -0.00024 0.00002 <2.2E-16
Hotel_300m 0.02605 0.00034 <2.2E-16
Perc_Schengen 0.00630 0.00026 <2.2E-16
Perc_OutSchengen 0.00099 0.00024 3.20E-05
Year_10 0.00558 0.00208 0.007
Year_11 0.01529 0.00205 9.28E-14
Year_12 0.03794 0.00208 <2.2E-16
Year_13 0.03755 0.00217 <2.2E-16

Lambda = 0.25102p-value = <2.22E-16)
AlCEmor =-5224.7

AlCoLs =-2084.6

AAIC =3140.1
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Table 12 Coefficient estimates of the foreignemugvariables with their statistical
values for the SABrror models 1 to 3

Variable Model number Estimate SE p-value Effect*
Perc_Foreigners 3 0.00353 0.00010 <2.2E-16 0.35%
Perc_Schengen 2 0.00630 0.00026 <2.2E-16 0.63%
Perc_NW 1 0.02613 0.00028 <2.2E-16 2.61%
Perc_SE 1 -0.00191 0.00021 <2.2E-16 -0.19%
Perc_OutSchegen 2 0.00099 0.00024 3.2E-05 0.10%

*Effect on the dependent variable [in %] of a 1-%irg change of the explanatory variable

SAR models 4 to 6 (RentPerSQM)

Because the creation of the models 4 to 6 relietherexperience gained by computing the
models 1 to 3, the estimation of the SAR models @ has been restricted to the best AR
ror model type with a neighboring weighting matrix béhesm 10 nearest neighbors and dis-
tance decay.

Table 13 presents the results of the $ABr model 5. As mentioned for the models 1 to 3,
the spatial autoregressive regression resultsargistent with the ones of the OLS global re-
gression (Table 8), except for the business cyat@bles, which show major changes in term
of coefficient size (e.g. variabMear_1). Concerning the variables of the foreigner groups
(Table 14), there are also no significant chanes ¢an be observed in comparison to the
global OLS models (Table 9). Like for the S&for model 2 (Table 11), the autoregression
coefficientLambdais highly significant. Its value of 0.259 is clogethe one of SABrror
model 2.
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Table 13 Description of the SA#Ror model 5

Variable Coefficient SE p-value
Intercept 10.35034 0.60768 <2.2E-16
Dependent variable
RentPerSQM
Building related explanatory variables: structural
Room -2.79690 0.01692 <2.2E-16
Story 0.16649 0.01332 <2.2E-16
Attic 3.20179 0.12515 <2.2E-16
Terrace 1.10002 0.09615 <2.2E-16
Agel 5.24741 0.07014 <2.2E-16
Age2 0.71132 0.06821 <2.2E-16
Age3 -0.02763 0.05144 0.591
Aged 1.36360 0.05716 <2.2E-16
Spatial explanatory variables: structural
Dist_Highway 0.00343 0.00190 0.072
Highway -2.64899 0.16506 <2.2E-16
Dist_Station -0.03843 0.00368 <2.2E-16
Acc_Tot 1.14031 0.05564 <2.2E-16
Slope 0.09768 0.00689 <2.2E-16
Lake_dummy 2.86583 0.05174 <2.2E-16
Log(Sun_Eve) 0.12935 0.00851 <2.2E-16
Spatial explanatory variables: socio-economic
Univ 0.45719 0.00981 <2.2E-16
Pop_300m 0.02337 0.00066 <2.2E-16
Hotel 300m 1.31771 0.01252 <2.2E-16
Perc_Schengen 0.14496 0.00931 < 2.2E-16
Perc_OutSchengen -0.02453 0.00868 0.005
Year_10 0.87097 0.07570 <2.2E-16
Year_11 1.08449 0.07480 <2.2E-16
Year_12 1.77458 0.07574 <2.2E-16
Year_13 1.43924 0.07886 <2.2E-16

Lambda = 0.25933p-value = <2.22E-16)
AICEmor =1'348'200.0

AlCoLs =1'351'100.0

AAIC =2900.0
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Table 14 Coefficient estimates of the foreignemugvariables with their statistical
values for the SABrror models 4 to 6

Variable Model number Estimate SE p-value Effect*
Perc_Foreigners 6 0.05674 0.00721 <2E-16 0.06
Perc_Schengen 5 0.14496 0.00931 <2.2E-16 0.14
Perc_NW 4 0.60755 0.00983 <2.2E-16 0.61
Perc_SE 4 -0.09913 0.00739 <2.2E-16 -0.10
Perc_OutSchegen 5 -0.02453 0.00868 0.005 -0.02
*Effect on the dependent variable [in CHF/(momzr)] of a 1-% point change of the explanatory
variable

6 Discussion and conclusion

This chapter analyzes, first, the results of thempated regression models. Based on this
analysis, conclusions are then drawn. Finally, eelvifor further research about this thematic
are enounced.

6.1 Analysis of the results

This section analyses the results of the seleatstirhodel type, the SAfRror with 10 near-
est neighbors accounting for distance decay. Becafighe different dependent variables
they describe, the results of the models 1 to 3paeeented separately from the ones of the
models 4 to 6. It has to be noticed, that all tiadesnents concerning the interpretation of the
coefficient estimates are made undeteris paribusassumption.

Models 1 to 3 (Rent)

According to the results of the S&Ror model 2 (Table 11), the variabRoomhas a great
influence on the monthly gross rent, which is adyuaot surprising. Indeed, an additional
room would be related, everything else being equish a 23% increase of the rental price. If
the rental unit is an attic or owns a terrace,rérgal price would be as well notably higher
(+17% respectively +11%). The varialfi¢ory seems also to have an inflationary effect on
the rent level (the higher in the building, thelegthe rent). The coefficient estimates for the
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building age variables mean, that all the age caiteg integrated into the models show high-
er rental prices than the basis categagg5(Table 1). Considering its p-value, the variable
Dist_Highway seems to be insignificant for the modeled relatgps. Nevertheless, the
SARerror model 1 computed a positive and highly significestimate for this variable. This
would mean, that the farer from a highway ramp ashg unit is located, the more expensive
Is its rent. Thus, it would indicate that the negaeffects related to, for instance, the noise
coming from the highway are of higher relevancenttiee greater accessibility by car. This
assumption is supported by the negative sign otctiefficient estimate aflighway About

the importance of accessibility by public transpbon, the coefficient estimate for
Dist_Stationshows, that the closer to a railway station theeolation is located, the higher is
its rental price. Indeed, each 100 m distance wtegd be related with a rent reduction of
0.15%. Logically, the accessibility indicatohdc_Toj is as well of positive sign, meaning
that a greater accessibility is related with higtertal prices. Interesting is the notable effect
of the view on a lake on the rent level (variabé&e dummy In fact, holding the other pa-
rameters fix, a view on a lake would lead to a I#igher rental price. Considering the analy-
sis of the housing data, which shows that the lEghents are mainly found around the Lake
of Zurich (Figure 19), this effect is plausible. ri3adering the socio-economic variables, the
variableUniv seems to be related with a non-negligible infladiy effect (about 2% of rent
increase per 1% point change). This high influenas been already underlined by Fuhrer
(2012, p. 55). The density varialdkop_300mshows, in contrast, a negative sign. This may
be a bit surprising when looking the map of thetakprices per municipality in Canton Zur-
ich (Figure 19). Indeed, we observe that, as a rraimd, higher average rents are found in
the densely built up areas of the agglomeratiodwfch. On the other hand, these are only
aggregated values per municipality. Thus, at aesale, it is possible that larger and more
expensive rental units are found in the less dgrsgbulated zones. Interesting is also the es-
timated inflationary effect of the number of wor§iplaces in restaurants and hotels situated
in the vicinity of the unit (variabldHotel_300n). Indeed, 100 additional working places
would be related with a 2.6% higher rental pricen§idering that a leisure area with lots of
cafés and restaurants would be very attractivevio ih, this positive relation seems to be
quite logical. The business cycle’s variables al®stanore complicated to interpret. In fact,
the size and the statistical significance of tlestimates vary from a model to another, so that
no obvious and stable effect on the rental priegsllcan be observed (Table 15). For a fur-
ther study, the removal of these variables coulddresidered.
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Table 15 Comparison of the parameter estimatdseobtisiness cycle’s variables for the
models 1 to 3

Model 1 Model 2 Model 3
Variable Coefficient SE p-valug Coefficient SE p-vallieoe@icient SE p-value
Year_10 -0.00603 0.00209  0.004 0.00558 0.00208 0.qo7 2¥0070.00208 4.67E-04
Year_11 -0.00286 0.00207  0.167 0.01529 0.00205 9.28F-1401888  0.00203 < 2.2E-16

Year_12 0.01620 0.00209 9.1E-15 0.03794  0.00208 < 2.4E-0804332 0.00203 < 2.2E-16
Year_13 0.00936 0.00216 1.5E-05 0.03755 0.00217 <2.4E-0804556 0.00205 < 2.2E-16

Focusing now on the variables associated with dheidgner group (Table 12), it can be ob-
served that all the tested categories are statilsticery significant and that they all have an
inflationary effect on the rental price, with theception of the citizens coming from South-
ern/Eastern Schengen countries (slight deflatioe#figct of -0.19% per 1% point change of
the population). Comparing the estimated effecthef foreigner group and the Schengen
group together, it can be noticed that the citizaindhe Schengen countries would lead to an
almost two times greater percentage change ofethis than the aggregated group. Neverthe-
less, the greater inflationary effect is shown lhy tategory Northwestern Schengen, with a
2.61% increase of the rental price in relation &®@point increase of this population. Taking
into account the spatial distribution of this demagnic group (mainly located in the expen-
sive Lake of Zurich area), this fact is not surpgs(Figure 8).

Models 4 to 6 (RentPerSQM)

In this subsection we mainly focus on the diffeenthat exist between the previous models
group (models 1 to 3) and this one. According ®rsults of the SA&ror model 5 (Table
13), the building age categoAge3is statistically insignificant. Nevertheless, thther cate-
gories are highly significant and show estimatgssithat are consistent with the results of
the SARerror model 2. TheDist_Highwayvariable shows for this model group a slightly im-
proved significance and a positive estimate’s signich is consistent with the results of the
SARerror model 1 (Table 32). Like for the previous grouge ltlake _dummyariable seems
to have a quite high inflationary effect on the taénprices (an increase of 2.9
CHF/(nf-month) for a view on a lake). In contrast to thedeldl to 3, the population density
variablePop_300mis, in this case, related with a rental price aegtation. However, this
seems to be consistent with the spatial distriloutibthe average monthly rent pef and per
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municipality in Canton Zurich (Figure 22). Inde¢de highest rent prices pefmre found in
the city of Zurich and in its close vicinity (alortbe lake), which are densely populated
zones. Finally, the variable that shows a compleatdferent pattern than in the models 1 to 3
is the number of rooms. In fadikoomhas a negative sign in the models 4 to 6. Neviedke

it makes sense that, even if the gross rent iseljghe rental price per nbecomes smaller
with a greater number of rooms, at least till aaiarapartment size (Figure 39). This fact can
be presented as a kindlBtonomies of scale

The coefficient estimates of the variables thatdks the foreigner categories show similar
results, in terms of relative magnitude and signth@ ones of the models 1 to 3, with the ex-
ception of the residents coming from outside of 8ulengen zone (Table 14). Indeed, this
variable shows, in the models 4 to 6, a slight tiegaffect of -0.02 CHF per month and per
m? for a 1% point increase of this population. In thedels 1 to 3, citizens coming from out-
side of Schengen have a slight positive effect.@f4 It is questionable, which of the two
models group catches the effective relation. Howete higher Rvalue of the first group
as well as the higher significance of the coeffitiby using this type of model leads to a
higher reliability of the positive coefficient estate. However, the category Northwestern
Schengen remains, in the model 4 to 6, by far dheigner group related with the highest in-
flationary effect (0.61 CHF pernand per month).

6.2 Knowledge gained

For both model groups that are estimated in théesorof this thesis, the use of SAR meth-
odology leads to a quality improvement. Furthermdhne k-nearest method, combined with
an influence reduction based on the distance tmliservation point, seems to be a suitable
approach for constructing the neighboring weightimgtrix that is used to estimate the SAR
models. Hence, the SARor model with 10 nearest neighbors seems to be tts atgurate
and stable regression model for describing the mtgrd variablesLn(Rent) and
RentPerSQM

The differentiation of the foreigners into sevagebups, in order to estimate the effect of the
foreigner proportion per municipality on the renpaices level, leads to very interesting re-
sults. Indeed, this approach indicates that diffeedéfects can be observed up to which cate-
gory is analyzed, confirming the former assumptioat the different foreigner groups do not
influence the rents in the same extent. The groophWwestern Schengen is identified as be-
ing the category that shows, by far, the higheflationary effect on botH.n(Rent)and
RentPerSQlMe.g. +2.61% respectively +0.61 CHF/(montf) for a 1% point increase of this
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population. Hence, it is the only foreigner growhich has been tested, that shows an infla-
tionary value close to the 2.7% housing price iaseestated by Degen and Fischer (2010, p.
4) for the Swiss real estate market. In fact, ttheotested categories seem to affect the rents
only very slightly. However, the citizens comingrin the aggregated Schengen zone show an
about two times higher inflationary effect than #dggregate foreigners category, e.g. +0.63%
against +0.35%, respectively +0.14 against +0.06-/0Honthm?). Nevertheless, the group
Southern/Eastern Schengen is related with a negetigfficient estimate. Indeed, a 1% point
increase of this population would lead to a rergsrelase of 0.19% respectively of 0.10
CHF/(monthm?). Finally, the effect of the immigrants comingrroutside of the Schengen
Zone is ambiguous. In fact, this foreigners catggwould lead to a slight increase of the
monthly gross rent (+0.10% for a 1% point incredme)to a tiny reduction of the gross rental
price per m (-0.02 CHF/(montim?)). Nevertheless, the better fitting of the modidscribing

the monthly gross rent variable (models 1 to 3egigupport to the thesis of the slight infla-
tionary effect.

6.3 Restrictions and further research

The aim of this thesis, to quantify the effect mimigration on the rental prices, is only par-
tially achieved because of the nature of the deapgc data that are used. Indeed, only data
that describe the percentages of foreigners pelaipafity, year and nationality were used.
However, it is very likely that a certain proportiof this population actually concerns for-
eigners of the second or even third generation¢chvhre born on the Swiss territory. Never-
theless, the Swiss Federal Statistical Office caegpgome data that allow the separation of
the immigrants from the rest of the foreigners. d&stiinately, these data do not cover all the
years of the present study.

Furthermore, demographic data covering a small@egban the municipal one (for instance
Quarter or smaller) would be desirable to modeleremcurately the effects of the foreigner
groups on the rents level. Indeed, it is not re@bal to only have a foreigner percentage for
a whole municipality, e.g. a great city like Zuridh fact, the rental prices may vary over the
municipality’s territory, like the foreigner propgamn as well. Some data could have been
used for the city of Zurich in order to get theeigner proportion per nationality and per
Quarter, but these also do not cover the whole pered described by the present study.

In addition, rental data that are used in thistaiee only asking prices of the open market.
These values may differ from the effective transactents and take into account only new
rentals, as mentioned in Section 4.2.2. Thus, uld/be desirable to rather use effective rent-
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al data in the context of this study, in order é&scibe properly the effect of immigration on
rents. Nevertheless, the availability of such dagg be an issue.

The estimation of GWR models would also be of gnei@rest to account for the spatial het-
erogeneity of the data that are used. Indeed, asioned in Section 3.4, this issue may lead
to the estimation of biased coefficients. Thus, poting GWR models could potentially lead
to better model quality and to more reliable cagdit estimates.

Finally, it would make sense to study the motivatad the location choice for the different
foreigner groups. Indeed, it would be interestiagkhow, which factors attract the most the
citizens from, for instance, the Northwestern Sgaencountries, so that these ones are living
in majority along the Lake of Zurich. Furthermottee average income level of each foreigner
category that is tested should be estimated arehtako account. This enhanced approach
may actually help a lot when building the regressimodel (choice of the variables) and also
when interpreting the coefficient estimates.
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A 1 Demographic data

Foreigners groups

Table 16 Foreigner groups formed for the hedonicdeling with the respective
nationalities they include

Demographic Group
Country Schengen (S.) Northwestern S.  Southern/Eastern S.id®&shengen
Austria X X
Belgium X X
Cyprus X X
Czech Republic X X
Denmark X X
Estland X X
Finland X X
France X X
Germany X X
Greece X X
Hungary X X
Iceland X X
Ireland X X
Italy X X
Latvia X X
Liechtenstein X X
Lithuania X X
Luxembourg X X
Malta X X
Norway X X
Poland X X
Portugal X X
Slovakia X X
Slovenia X X
Spain X X
Sweden X X
The Netherlands X X
United Kingdom X X
Other countries X
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Constitution of the foreign population in 2013

Figure 23 Percentage of Schengen countries citireredation to whole population (left
picture) and to foreigners population (right piefuper municipality in Canton
Zurich 2013

100

80

Data: Swiss Federal Office for Migration / Statiati Office of Canton Zurich (2014).
Boundaries: Swiss Federal Statistical Office (2013).
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Figure 24 Percentage of Northwestern Schengen gesirtitizens in relation to whole
population (left picture) and to foreigners popigat (right picture) per
municipality in Canton Zurich 2013

Data: Swiss Federal Office for Migration / Statiati Office of Canton Zurich (2014).
Boundaries: Swiss Federal Statistical Office (2013).
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Figure 25 Percentage of Southern/Eastern Schengentries citizens in relation to
whole population (left picture) and to foreignerspplation (right picture) per
municipality in Canton Zurich 2013

Data: Swiss Federal Office for Migration / Statiati Office of Canton Zurich (2014).
Boundaries: Swiss Federal Statistical Office (2013).
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Figure 26 Percentage of outside of Schengen cesntitizens in relation to whole
population (left picture) and to foreigners popigat (right picture) per
municipality in Canton Zurich 2013

Data: Swiss Federal Office for Migration / Statiati Office of Canton Zurich (2014).

Boundaries: Swiss Federal Statistical Office (2013).
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Figure 27 Percentage of German citizens in relattomwhole population (left picture)
and to foreigners population (right picture) permetpality in Canton Zurich
2013

Data: Swiss Federal Office for Migration / StatiatiOffice of Canton Zurich (2014).
Boundaries: Swiss Federal Statistical Office (2013).
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Change of the population of the foreigner groups between 2006 and
2013

Figure 28 Percentage change of the population tifeas from Schengen countries
compared to the whole population (left picture) &mthe analyzed population
itself (right picture) per municipality in Cantonudch between 2006 and
2013

Data: Swiss Federal Office for Migration / Statiati Office of Canton Zurich (2014).
Boundaries: Swiss Federal Statistical Office (2013).
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Figure 29 Percentage change of the populationtizeass from Northwestern Schengen
countries compared to the whole population (leftye) and to the analyzed
population itself (right picture) per municipalitp Canton Zurich between
2006 and 2013

Data: Swiss Federal Office for Migration / Statiati Office of Canton Zurich (2014).
Boundaries: Swiss Federal Statistical Office (2013).
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Figure 30 Percentage change of the population tzeos from Southern/Eastern
Schengen countries compared to the whole populéigdinpicture) and to the
analyzed population itself (right picture) per nuipality in Canton Zurich
between 2006 and 2013

Data: Swiss Federal Office for Migration / StatiatiOffice of Canton Zurich (2014).
Boundaries: Swiss Federal Statistical Office (2013).
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Figure 31 Percentage change of the population tofeais from countries outside of
Schengen compared to the whole population (letupgy and to the analyzed
population itself (right picture) per municipalitp Canton Zurich between
2006 and 2013

Data: Swiss Federal Office for Migration / Statiati Office of Canton Zurich (2014).
Boundaries: Swiss Federal Statistical Office (2013).
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Figure 32 Percentage change of the populationtfeas from Germany compared to
the whole population (left picture) and to the gmal population itself (right
picture) per municipality in Canton Zurich betwe06 and 2013

20

Data: Swiss Federal Office for Migration / Statiati Office of Canton Zurich (2014).
Boundaries: Swiss Federal Statistical Office (2013).
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A 2 Housing data

Figure 33 Distribution of the monthly extra re@HF] per dwelling unit
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Data source: web based housing advertisements {2003)
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Figure 34 Average rental extra price per dwellimg @and per municipality (left picture)
respectively per Quarter (right picture)

Data source: web based housing advertisements {2003)
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Figure 35 Percentage change of the average mogitbég rent per dwelling unit and per

municipality (left picture) respectively per Quartéight picture) between
2009 and 2013

Data source: web based housing advertisements {2003)
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Figure 36 Percentage change of the average momitb$s rent per fmper dwelling unit
and per municipality (left picture) respectivelyrp@uarter (right picture)
between 2009 and 2013

Data source: web based housing advertisements {2003)
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Figure 37 Boxplots of the monthly gross rent [CHBhAt] with (YES) and without (NO)
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Data source: web based housing advertisements -(2003)
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Figure 38 Boxplots of the monthly gross rent pér[@HF/(monthm?)] with (YES) and
without (NO) balcony
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Data source: web based housing advertisements (2003)
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Figure 39 Boxplots of the monthly gross rent pérf@HF/(monthm?)] in relation to the
number of rooms of the rental unit
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Data source: web based housing advertisements -(2003)
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Boxplots of the monthly gross rent [CHBAt] according to the deciles of the

proportion of foreigners in relation to whole mupal population

Figure 40
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Data source: web based housing advertisements 2003)

Swiss Federal Office for Migoa / Statistical Office of Canton Zurich (2014).
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Boxplots of the monthly gross rent [CHBAt] according to the deciles of the

proportion of Schengen countries citizens in retato whole municipal population

Figure 41
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Data source: web based housing advertisements 2003)

Swiss Federal Office for Miggoa / Statistical Office of Canton Zurich (2014).
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Figure 42 Boxplots of the monthly gross rent [CHBAt] according to the deciles of the
proportion of Northwestern Schengen countrieseitizin relation to whole municipal

population
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Data source: web based housing advertisements 2003)
Swiss Federal Office for Mitioa / Statistical Office of Canton Zurich (2014).
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Boxplots of the monthly gross rent [CHBAt] according to the deciles of the

proportion of Southern/Eastern Schengen countrigges in relation to whole

municipal population

Figure 43
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Data source: web based housing advertisements 2003)

Swiss Federal Office for Mitioa / Statistical Office of Canton Zurich (2014).
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Boxplots of the monthly gross rent [CHBAt] according to the deciles of the
proportion of outside of Schengen countries citizen relation to whole municipal

population

Figure 44
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Data source: web based housing advertisements 2003)

Swiss Federal Office for Migoa / Statistical Office of Canton Zurich (2014).
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A 3 Hedonic models

Correlation among the potential relevant variables

The following tables present correlation values agthe potentially relevant variables. Val-
ues ranging between 0.50 and 0.69, respective0-and -0.69, are underlined in orange
(high correlation). Values of red color describeasaof severe correlation, which excludes a
common use of the concerned variables into the saodel (values> 0.7 respectively
<-0.7).
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Table 17 Correlation among potentially relevarriatales (Part 1 of 8)

Room Living_Area Story Land_Value Dist_Highway Dist_Station Acc_Car Acc_PT  Univ
Living_Area 1.00 0.06 -0.10 0.15 0.10 -0.20 -0.17 -0.04
Land_Value 1.00 -0.26 -0.11 0.42 0.49 0.91
Dist_Station 1.00 -0.04 -0.19 -0.09
Acc_PT 1.00 0.41
Owner
Slope
Stories
H_05km
Pop_300m
Balcony
Garden
Acc_Tot
Resi_Perc
Office_Prop
H1_300m
H3_300m
H5_300m
H_300m
H1_500m
H3_500m
H5_500m
Children_500m
Foreigners_500m
Dis_School
Dis_CBD_zH
Retail_300m
Hotel_300m
Perc_Foreigners
Perc_NW
Perc_OutSchengen
year_2010
year_2012
Lake_dummy
Age2

Aged

Data sourceweb based housing advertisements (2009-2013)
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Table 18

Correlation among potentially relevarriataes (Part 2 of 8)

Owner  Highway  Slope Lake_View Stories

Living_Area 0.26 -0.03 0.10 0.10 -0.11

Land_Value -0.61 0.07 0.14 0.21 0.41

Dist_Station 0.25 0.02 0.13 -0.03 -0.11

Acc_PT -0.56 0.05 -0.03 -0.02 0.29

Owner 1.00 -0.05 0.05 0.03
Slope 1.00 0.36 -0.14
Stories 1.00
H_05km

Pop_300m

Balcony

Garden

Acc_Tot

Resi_Perc

Office_Prop

H1_300m

H3_300m

H5_300m

H_300m

H1_500m

H3_500m

H5_500m

Children_500m

Foreigners_500m

Dis_School

Dis_CBD_ZH

Retail_300m

Hotel_300m

Perc_Foreigners

Perc_NW

Perc_OutSchengen

year_2010

year_2012

Lake_dummy

Age2

Aged

Data sourceweb based housing advertisements (2009-2013)

Res_Units

-0.13

0.07

-0.10

0.13

-0.19

-0.18

0.48

H_05km

-0.28

0.49

-0.25

0.42

-0.61

-0.21

0.42

1.00

H_01km

-0.27

0.56

-0.26

0.45

-0.67

-0.20

0.47

0.93

Pop_300m
-0.28
0.40
-0.22
0.37
-0.57
-0.24
0.38

0.93

1.00
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Table 19

Correlation among potentially relevarriatales (Part 3 of 8)

Living_Area
Land_Value
Dist_Station
Acc_PT
Owner

Slope

Stories
H_05km
Pop_300m
Balcon
Garden
Acc_Tot
Resi_Perc
Office_Prop
H1_300m
H3_300m
H5_300m
H_300m
H1_500m
H3_500m
H5_500m
Children_500m
Foreigners_500m
Dis_School
Dis_CBD_ZH
Retail_300m
Hotel_300m
Perc_Foreigners
Perc_NW
Perc_OutSchengen
year_2010
year_2012
Lake_dummy
Age2

Aged

Attic

0.14

0.00

0.02

-0.01

0.02

0.03

-0.01

-0.03

Balcony

-0.12

-0.08

-0.02

0.01

-0.01

-0.06

0.01

0.00

0.03

1.00

Fire

0.16

-0.02

0.06

0.10

0.06

-0.08

-0.10

-0.10

0.04

Garden

0.05

-0.02

0.05

0.07

0.07

-0.09

-0.12

1.00

Terrace

0.13

0.02

0.01

0.00

0.01

0.05

0.00

-0.03

-0.03

-0.10

-0.01

Acc_Tot

-0.23

0.70

-0.22

0.78

-0.79

-0.05

0.43

0.60

0.53

-0.01

-0.06

1.00

Parcel_Size

0.06

-0.09

0.00

-0.02

0.05

-0.05

0.03

-0.09

-0.07

0.04

0.00

-0.05

Data sourceweb based housing advertisements (2009-2013)

Resi_Perc

-0.03

-0.16

0.12

-0.11

0.17

0.09

-0.11

0.12

0.06

-0.17

1.00

Retail_Perc

0.03

0.03

-0.06

0.03

-0.04

-0.08

0.03

0.04

0.04

-0.05

-0.03

0.04

-0.51

Office_Prop

0.02

0.18

-0.10

0.12

-0.16

-0.03

0.12

0.13

0.08

-0.09

-0.04

0.18

1.00

Indus_prop

-0.01

0.02

-0.02

0.02

-0.05

-0.04

0.02

0.03

0.01

-0.05

-0.02

0.03

-0.51

-0.02
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Table 20 Correlation among potentially relevarriatales (Part 4 of 8)

H1 _300m H2_300m H3_300m H4_300m H5_300m H6_300m H_300m H_500m

Living_Area -0.30 -0.27 -0.25 -0.19 -0.20 -0.22 -0.29 -0.29
Land_Value 0.49 0.41 0.36 0.19 0.11 0.11 0.45 0.48
Dist_Station -0.22 -0.22 -0.20 -0.13 -0.17 -0.21 -0.22 -0.24
Acc_PT 0.40 0.37 0.34 0.23 0.19 0.22 0.39 0.41
Owner -0.58 -0.55 -0.53 -0.36 -0.33 -0.43 -0.57 -0.60
Slope -0.19 -0.21 -0.22 -0.19 -0.19 -0.26 -0.21 -0.20
Stories 0.42 0.38 0.34 0.18 0.10 0.20 0.40 0.41
H_05km 0.94 0.93 0.87 0.66 0.58 0.62 0.95 0.98
Pop_300m 0.93 0.98 0.96 0.81 0.74 0.73 0.98 0.96
Balcony 0.00 0.02 0.05 0.08 0.09 0.06 0.02 0.01
Garden -0.08 -0.07 -0.07 -0.05 -0.05 -0.07 -0.08 -0.08
Acc_Tot 0.59 0.53 0.49 0.31 0.25 0.31 0.56 0.59
Resi_Perc -0.14 -0.09 -0.04 0.06 0.07 -0.01 -0.10 -0.12
Office_Prop 0.14 0.09 0.05 -0.04 -0.05 0.02 0.10 0.12
H1_300m 1.00 0.94 0.85 0.60 0.53 0.58 0.98 0.98
H3_300m 1.00 0.87 0.78 0.71 0.94 0.90
H5_300m 1.00 0.73 0.67 0.61
H_300m 1.00 0.99
H1_500m

H3_500m

H5_500m

Children_500m

Foreigners_500m
Dis_School
Dis_CBD_ZH
Retail_300m
Hotel_300m
Perc_Foreigners
Perc_NW
Perc_OutSchengen
year_2010
year_2012
Lake_dummy
Age2

Aged

Data sourceweb based housing advertisements (2009-2013)
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Table 21 Correlation among potentially relevarriatales (Part 5 of 8)

Foreigners_500m Swiss_500m Dis_School Dis_Kindergarten Dis_CBD_ZH

Living_Area -0.29 -0.27 0.16 0.11 0.15
Land_Value 0.44 0.45 -0.15 0.06 -0.70
Dist_Station -0.26 -0.24 0.25 0.16 0.09
Acc_PT 0.41 0.40 -0.20 -0.11 -0.51
Owner -0.63 -0.57 0.26 0.10 0.66
Slope -0.26 -0.19 0.15 0.08 -0.04
Stories 0.42 0.38 -0.12 0.03 -0.39
H_05km 0.94 0.97 -0.38 -0.12 -0.50
Pop_300m 0.89 0.91 -0.38 -0.18 -0.43
Balcony 0.01 0.01 -0.04 -0.09 0.05
Garden -0.08 -0.07 0.04 0.02 0.03
Acc_Tot 0.59 0.56 -0.24 -0.08 -0.73
Resi_Perc -0.13 -0.11 0.02 -0.08 0.16
Office_Prop 0.13 0.12 -0.04 0.05 -0.18
H1_300m 0.87 0.90 -0.35 -0.07 -0.50
H3_300m 0.84 0.87 -0.38 -0.21 -0.40
H5_300m 0.61 0.62 -0.34 -0.31 -0.14
H_300m 0.89 0.92 -0.37 -0.14 -0.46
H1_500m 0.74 0.80 -0.28 0.00 -0.52
H3_500m 0.79 0.84 -0.34 -0.20 -0.37
H5_500m 0.61 0.69 -0.34 -0.21 -0.14
Children_500m 0.81 0.89 -0.43 -0.27 -0.33
Foreigners_500m 1.00 0.87 -0.35 -0.15 -0.52
Dis_School 1.00 0.23 0.13
Dis_CBD_zH 1.00
Retail_300m

Hotel_300m

Perc_Foreigners
Perc_NW
Perc_OutSchengen
year_2010
year_2012
Lake_dummy

Age2

Aged

Data sourceweb based housing advertisements (2009-2013)
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Table 22 Correlation among potentially relevarriatales (Part 6 of 8)

Dis_CBD_Winterthur Retail_300m Retail_1000m Hotel_300m Hotel_1000m

Living_Area 0.05 -0.03 -0.12 -0.07 -0.13
Land_Value 0.31 0.15 0.29 0.25 0.35
Dist_Station 0.00 -0.15 -0.21 -0.18 -0.20
Acc_PT 0.05 0.13 0.24 0.19 0.26
Owner -0.05 -0.17 -0.33 -0.26 -0.36
Slope 0.30 -0.12 -0.16 -0.13 -0.13
Stories 0.02 0.18 0.32 0.29 0.35
H_05km 0.02 0.13 0.30 0.20 0.37
Pop_300m 0.00 0.12 0.24 0.17 0.30
Balcony -0.04 -0.08 -0.09 -0.12 -0.10
Garden 0.04 -0.05 -0.07 -0.07 -0.07
Acc_Tot 0.05 0.19 0.36 0.30 0.39
Resi_Perc -0.02 -0.27 -0.27 -0.29 -0.28
Office_Prop 0.03 0.21 0.28 0.25 0.29
H1_300m 0.04 0.17 0.33 0.26 0.40
H3_300m 0.00 0.03 0.14 0.06 0.20
H5_300m -0.06 -0.10 -0.04 -0.14 -0.02
H_300m 0.02 0.11 0.26 0.18 0.32
H1_500m 0.05 0.38 0.53 0.48 0.60
H3_500m 0.03 0.23 0.33 0.28 0.38
H5_500m 0.03 0.14 0.18 0.13 0.21
Children_500m -0.01 -0.01 0.08 -0.05 0.11
Foreigners_500m 0.05 0.14 0.32 0.22 0.39
Dis_School 0.01 -0.05 -0.13 -0.06 -0.12
Dis_CBD_ZH -0.30 -0.16 -0.32 -0.28 -0.39
Retail_300m 1.00 0.57 0.76 0.56
Hotel_300m 1.00 0.82

Perc_Foreigners
Perc_NW
Perc_OutSchengen
year_2010
year_2012
Lake_dummy
Age2

Aged

Data sourceweb based housing advertisements (2009-2013)
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Table 23 Correlation among potentially relevarriatales (Part 7 of 8)

Perc_Foreigners Perc_Schengen Perc_ NW Perc_SE Perc_OutSchengen Sun_Eve
Living_Area -0.18 -0.17 -0.09 -0.16 -0.15 0.07
Land_Value 0.29 0.59 0.84 0.02 -0.06 0.00
Dist_Station -0.21 -0.19 -0.12 -0.16 -0.18 0.12
Acc_PT 0.39 0.47 0.41 0.27 0.23 -0.03
Owner -0.74 -0.76 -0.53 -0.58 -0.56 0.06
Slope -0.09 0.03 0.18 -0.14 -0.18 0.29
Stories 0.30 0.36 0.34 0.19 0.16 -0.04
H_05km 0.39 0.46 0.41 0.27 0.23 -0.09
Pop_300m 0.39 0.42 0.32 0.29 0.28 -0.10
Balcony 0.01 -0.04 -0.09 0.03 0.05 -0.04
Garden -0.06 -0.05 -0.02 -0.05 -0.06 0.03
Acc_Tot 0.55 0.65 0.57 0.38 0.32 -0.03
Resi_Perc -0.11 -0.14 -0.13 -0.08 -0.06 0.01
Office_Prop 0.10 0.15 0.16 0.06 0.04 0.00
H1_300m 0.37 0.45 0.42 0.23 0.20 -0.08
H3_300m 0.38 0.40 0.28 0.29 0.28 -0.10
H5_300m 0.26 0.20 0.04 0.25 0.27 -0.08
H_300m 0.38 0.43 0.37 0.26 0.24 -0.09
H1_500m 0.33 0.44 0.44 0.19 0.14 -0.05
H3_500m 0.25 0.31 0.29 0.17 0.14 -0.07
H5_500m 0.09 0.13 0.12 0.07 0.03 -0.09
Children_500m 0.32 0.33 0.22 0.26 0.24 -0.11
Foreigners_500m 0.54 0.55 0.38 0.42 0.39 -0.10
Dis_School -0.16 -0.19 -0.16 -0.12 -0.09 0.14
Dis_CBD_ZH -0.57 -0.73 -0.68 -0.39 -0.28 -0.04
Retail_300m 0.10 0.13 0.13 0.06 0.04 -0.03
Hotel_300m 0.16 0.23 0.24 0.09 0.06 -0.02
Perc_Foreigners 1.00 0.88 0.38 0.90 0.89 -0.06
Perc_NW 1.00 0.06 -0.05 0.00
Perc_OutSchengen 1.00 -0.06
year_2010
year_2012
Lake_dummy
Age2
Aged

Data sourceweb based housing advertisements (2009-2013)
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Table 24

Correlation among potentially relevarriatales (Part 8 of 8)

Living_Area
Land_Value
Dist_Station
Acc_PT

Owner

Slope

Stories
H_05km
Pop_300m
Balcony
Garden
Acc_Tot
Resi_Perc
Office_Prop
H1_300m
H3_300m
H5_300m
H_300m
H1_500m
H3_500m
H5_500m
Children_500m
Foreigners_500m
Dis_School
Dis_CBD_ZH
Retail_300m
Hotel_300m
Perc_Foreigners
Perc_NW
Perc_OutSchengen
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OLS models

Table 25 Description of the global OLS model 1

Variable Coefficient SE p-value
Intercept 5.34500 0.01506 < 2E-16
Dependent variable
Ln(Rent)
Building related explanatory variables: structural
Room 0.22890 0.00047 < 2E-16
Story 0.01661 0.00040 < 2E-16
Stories 0.00156 0.00029 5.02E-08
Attic 0.16330 0.00360 < 2E-16
Garden 0.02935 0.00236 < 2E-16
Terrace 0.11540 0.00274 < 2E-16
Agel 0.15030 0.00189 < 2E-16
Age2 0.09171 0.00185 < 2E-16
Age3 0.0539%4 0.00142 < 2E-16
Age4 0.20480 0.00160 < 2E-16
Spatial explanatory variables: structural
Dist_Highway 0.00045 0.00005 < 2E-16
Highway -0.06235 0.00437 < 2E-16
Dist_Station -0.00182 0.00010 < 2E-16
Acc_Tot 0.08734 0.00135 < 2E-16
Slope 0.00428 0.00019 < 2E-16
Lake _dummy 0.12300 0.00142 < 2E-16
Log(Sun_Eve) 0.00804 0.00023 < 2E-16
Spatial explanatory variables: socio-economic
Pop_300m -0.00026 0.00002 < 2E-16
Hotel_300m 0.02554 0.00034 < 2E-16
Perc_NW 0.02641 0.00027 < 2E-16
Perc_SE -0.00172 0.00020 < 2E-16
Year_10 -0.01388 0.00212 5.41E-11
Year_11 -0.00966 0.00200 1.32E-06
Year_12 0.00858 0.00199 1.66E-05
Year_13 0.00155 0.00205 0.45000
Adiusted R°= 0.6533
AIC =429.7
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Table 26 Description of the global OLS model 3

Variable Coefficient SE p-value
Intercept 5.79600 0.01628 < 2E-16
Dependent variable
Ln(Rent)
Building related explanatory variables: structural
Room 0.22890 0.00046 < 2E-16
Story 0.01606 0.00040 < 2E-16
Stories 0.00084 0.00029 0.003
Attic 0.16500 0.00358 < 2E-16
Garden 0.02755 0.00234 < 2E-16
Terrace 0.11560 0.00272 < 2E-16
Agel 0.14890 0.00189 < 2E-16
Age2 0.08695 0.00185 < 2E-16
Age3 0.05183 0.00141 < 2E-16
Aged 0.20140 0.00160 < 2E-16
Spatial explanatory variables: structural
Dist_Highway -0.00015 0.00005 0.004
Highway -0.07350 0.00436 < 2E-16
Dist_Station -0.00148 0.00010 < 2E-16
Acc_Tot 0.04283 0.00150 < 2E-16
Slope 0.00375 0.00019 < 2E-16
Lake dummy 0.12600 0.00139 < 2E-16
Log(Sun_Eve) 0.00475 0.00022 < 2E-16
Spatial explanatory variables: socio-economic
Unwv 0.02273 0.00020 < 2E-16
Pop_300m -0.00025 0.00002 < 2E-16
Hotel 300m 0.02654 0.00034 < 2E-16
Perc_Foreigners 0.00362 0.00009 < 2E-16
Year 10 -0.00184 0.00210 0.382
Year 11 0.01127 0.00196 8.7E-09
Year 12 0.03516 0.00193 < 2E-16
Year 13 0.03743 0.00194 < 2E-16
Adjusted R> = 0.6533
AIC=-1947.5
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Table 27 Description of the global OLS model 4

Variable Coefficient SE p-value
Intercept 1.73222 0.54196 0.001
Dependent variable
RentPerSQM
Building related explanatory variables: structural
Room -2.76205 0.01697 < 2E-16
Story 0.18923 0.01338 < 2E-16
Attic 3.11919 0.12623 < 2E-16
Terrace 1.04003 0.09670 <2E-16
Agel 5.27509 0.06986 < 2E-16
Age2 0.81754 0.06781 < 2E-16
Age3 0.05835 0.05103 0.253
Aged 1.49797 0.05660 < 2E-16
Spatial explanatory variables: structural
Dist_Highway 0.01773 0.00184 < 2E-16
Highway -2.55562 0.16305 < 2E-16
Dist_Station -0.04339 0.00360 < 2E-16
Acc_Tot 2.02930 0.04834 < 2E-16
Slope 0.12550 0.00680 < 2E-16
Lake_dummy 2.96065 0.05106 < 2E-16
Log(Sun_Eve) 0.19500 0.00830 < 2E-16
Spatial explanatory variables: socio-economic
Pop_300m 0.02321 0.00065 < 2E-16
Hotel 300m 1.33720 0.01259 < 2E-16
Perc_ NW 0.61154 0.00955 < 2E-16
Perc_SE -0.08762 0.00720 < 2E-16
Year_10 -0.34429 0.07724 8.31E-06
Year 11 -0.05502 0.07257 0.448
Year 12 0.57419 0.07209 1.66E-15
Year 13 0.07580 0.07391 0.305

Adjusted R® = 0.4337
AIC=1'352'000.0
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Table 28 Description of the global OLS model 6

Variable Coefficient SE p-value
Intercept 11.76268 0.59103 <2E-16
Dependent variable
RentPerSQM
Building related explanatory variables: structural
Room -2.76577 0.016%4 <2E-16
Story 0.16864 0.01335 <2E-16
Attic 3.18475 0.12602 <2E-16
Terrace 1.05083 0.09652 <2E-16
Agel 5.22326 0.06980 <2E-16
Age2 0.70611 0.06780 <2E-16
Age3 -0.01944 0.05094 0.703
Aged 1.39108 0.05654 <2E-16
Spatial explanatory variables: structural
Dist_Highway 0.00350 0.00185 0.059
Highway -2.77599 0.16307 <2E-16
Dist_Station -0.03568 0.00359 <2E-16
Acc_Tot 1.05698 0.05424 <2E-16
Slope 0.11780 0.00679 <2E-16
Lake_dummy 3.05392 0.05034 <2E-16
Log(Sun_Eve) 0.11506 0.00806 <2E-16
Spatial explanatory variables: socio-economic
Univ 0.52002 0.00700 <2E-16
Pop_300m 0.02364 0.00065 <2E-16
Hotel 300m 1.36161 0.01255 <2E-16
Perc_Foreigners 0.05907 0.00333 <2E-16
Year_10 -0.04274 0.07691 0.578
Year 11 0.46218 0.07147 1.00E-10
Year 12 1.22970 0.07023 <2E-16
Year 13 0.95799 0.07042 <2E-16

Adjusted R® = 0.4357
AIC=1'351'300.0
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SAR models

Table 29 Description of the SA&y model 1

Variable Coefficient SE p-value
Intercept 4.57580 0.02421 <2.2E-16
Dependent variable
Ln(Rent)
Building related explanatory variables: structural
Room 0.22730 0.00047 <2.2E-16
Story 0.01656 0.00040 <2.2E-16
Stories 0.00162 0.00028 6.3E-09
Attic 0.16337 0.00359 <2.2E-16
Garden 0.02922 0.00235 <2.2E-16
Terrace 0.11410 0.00272 <2.2E-16
Agel 0.14852 0.00189 <2.2E-16
Age2 0.08997 0.00185 <2.2E-16
Age3 0.05269 0.00142 <2.2E-16
Age4 0.20135 0.00160 <2.2E-16
Spatial explanatory variables: structural
Dist_Highway 0.00047 0.00005 <2.2E-16
Highway -0.06122 0.00436 <2.2E-16
Dist_Station -0.00171 0.00010 <2.2E-16
Acc_Tot 0.08764 0.00133 <2.2E-16
Slope 0.00427 0.00019 <2.2E-16
Lake _dummy 0.11946 0.00141 <2.2E-16
Log(Sun_Eve) 0.00787 0.00023 <2.2E-16
Spatial explanatory variables: socio-economic
Pop_300m -0.00025 0.00002 <2.2E-16
Hotel 300m 0.02524 0.00034 <2.2E-16
Perc_NW 0.02544 0.00027 <2.2E-16
Perc_SE -0.00176 0.00020 <2.2E-16
Year_10 -0.01260 0.00193 7.0E-11
Year_11 -0.00778 0.00181 1.7E-05
Year_12 0.01147 0.00183 3.6E-10
Year_13 0.00541 0.00196 0.006

Rho =0.10407p-value = <2.22E-16)
AlCLag =-1175.4

AlCoLs =429.7

AAIC =1605.1
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Table 30 Description of the SA&y model 2

Variable Coefficient SE p-value
Intercept 5.03990 0.02464 <2.2E-16
Dependent variable
Ln(Rent)
Building related explanatory variables: structural
Room 0.22742 0.00046 <2.2E-16
Story 0.01621 0.00039 <2.2E-16
Stories 0.00073 0.00026 0.004
Attic 0.16511 0.00357 <2.2E-16
Garden 0.02730 0.00238 <2.2E-16
Terrace 0.11405 0.00271 <2.2E-16
Agel 0.14651 0.00188 <2.2E-16
Age2 0.08465 0.00184 <2.2E-16
Age3 0.05027 0.00140 <2.2E-16
Aged 0.19760 0.00159 < 2.2E-16
Spatial explanatory variables: structural
Dist_Highway -0.00010 0.00004 0.020
Highway -0.06907 0.00438 <2.2E-16
Dist_Station -0.00151 0.00010 <2.2E-16
Acc_Tot 0.04569 0.00142 <2.2E-16
Slope 0.00367 0.00019 <2.2E-16
Lake_dummy 0.12114 0.00139 <2.2E-16
Log(Sun_Eve) 0.00530 0.00023 <2.2E-16
Spatial explanatory variables: socio-economic
Univ 0.02011 0.00025 <2.2E-16
Pop_300m -0.00024 0.00002 <2.2E-16
Hotel 300m 0.02616 0.00034 <2.2E-16
Perc_Schengen 0.00597 0.00025 <2.2E-16
Perc_OutSchengen 0.00123 0.00022 3.0E-08
Year_10 -0.00253 0.00200 0.205
Year 11 0.00911 0.00174 1.7E-07
Year 12 0.03208 0.00183 <2.2E-16
Year 13 0.03251 0.00187 <2.2E-16

Rho=0.098776 (p-value = <2.22E-16)
AlICLag =-3543.4

AlCoLs =-2084.6

AAIC =1458.8
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Table 31 Description of the SA&y model 3

Variable Coefficient SE p-value
Intercept 5.04620 0.02508 <2.2E-16
Dependent variable
Ln(Rent)
Building related explanatory variables: structural
Room 0.22738 0.00046 <2.2E-16
Story 0.01603 0.00039 <2.2E-16
Stories 0.00090 0.00022 4.9E-05
Attic 0.16498 0.00357 <2.2E-16
Garden 0.02748 0.00230 <2.2E-16
Terrace 0.11436 0.00270 <2.2E-16
Agel 0.14722 0.00188 <2.2E-16
Age2 0.08541 0.00184 <2.2E-16
Age3 0.05069 0.00141 <2.2E-16
Age4 0.19812 0.00159 <2.2E-16
Spatial explanatory variables: structural
Dist_Highway -0.00012 0.00004 0.005
Highway -0.07207 0.00434 <2.2E-16
Dist_Station -0.00139 0.00010 <2.2E-16
Acc_Tot 0.04438 0.00146 <2.2E-16
Slope 0.00375 0.00019 <2.2E-16
Lake _dummy 0.12258 0.00139 <2.2E-16
Log(Sun_Eve) 0.00471 0.00022 <2.2E-16
Spatial explanatory variables: socio-economic
Univ 0.02199 0.00020 <2.2E-16
Pop_300m -0.00024 0.00002 <2.2E-16
Hotel_300m 0.02622 0.00034 <2.2E-16
Perc_Foreigners 0.00349 0.00009 <2.2E-16
Year_10 -0.00104 NA NA
Year_11 0.01229 0.00142 <2.2E-16
Year_12 0.03690 0.00133 <2.2E-16
Year_13 0.03970 0.00128 <2.2E-16

Rho =0.09966(p-value = <2.22E-16)
AICLag =-3433.0

AlCoLs =-1947.5

AAIC =1485.5
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Table 32 Description of the SARor model 1

Variable Coefficient SE p-value
Intercept 5.32840 0.01550 <2.2E-16
Dependent variable
Ln(Rent)
Building related explanatory variables: structural
Room 0.22831 0.00047 <2.2E-16
Story 0.01668 0.00040 <2.2E-16
Stories 0.00152 0.00029 1.4E-07
Attic 0.16526 0.00358 <2.2E-16
Garden 0.02978 0.00235 <2.2E-16
Terrace 0.11439 0.00273 <2.2E-16
Agel 0.14819 0.00190 <2.2E-16
Age2 0.08899 0.00186 <2.2E-16
Age3 0.05340 0.00144 <2.2E-16
Age4 0.20257 0.00162 <2.2E-16
Spatial explanatory variables: structural
Dist_Highway 0.00053 0.00005 <2.2E-16
Highway -0.06415 0.00442 <2.2E-16
Dist_Station -0.00172 0.00010 <2.2E-16
Acc_Tot 0.08854 0.00138 <2.2E-16
Slope 0.00414 0.00019 <2.2E-16
Lake_dummy 0.12143 0.00145 <2.2E-16
Log(Sun_Eve) 0.00795 0.00024 <2.2E-16
Spatial explanatory variables: socio-economic
Pop_300m -0.00025 0.00002 <2.2E-16
Hotel_300m 0.02511 0.00034 <2.2E-16
Perc_NW 0.02613 0.00028 <2.2E-16
Perc_SE -0.00191 0.00021 <2.2E-16
Year_10 -0.00603 0.00209 0.004
Year_11 -0.00286 0.00207 0.167
Year_12 0.01620 0.00209 9.1E-15
Year_13 0.00936 0.00216 1.5E-05

Lambda = 0.26030(p-value = <2.22E-16)
AICEror =-2935.4

AlCoLs =429.7
AAIC =3365.1
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Table 33 Description of the SAfRor model 3

Variable Coefficient SE p-value
Intercept 5.76780 0.01671 <2.2E-16
Dependent variable
Ln(Rent)
Building related explanatory variables: structural
Room 0.22829 0.00046 <2.2E-16
Story 0.01613 0.00040 <2.2E-16
Stories 0.00092 0.00029 0.001
Attic 0.16672 0.00357 <2.2E-16
Garden 0.02785 0.00233 <2.2E-16
Terrace 0.11488 0.00272 <2.2E-16
Agel 0.14741 0.00189 <2.2E-16
Age2 0.08536 0.00185 <2.2E-16
Age3 0.05171 0.00143 <2.2E-16
Age4 0.19950 0.00161 <2.2E-16
Spatial explanatory variables: structural
Dist_Highway -0.00006 0.00005 0.272
Highway -0.07483 0.00440 <2.2E-16
Dist_Station -0.00138 0.00010 <2.2E-16
Acc_Tot 0.04485 0.00153 <2.2E-16
Slope 0.00371 0.00019 <2.2E-16
Lake _dummy 0.12462 0.00143 <2.2E-16
Log(Sun_Eve) 0.00464 0.00023 <2.2E-16
Spatial explanatory variables: socio-economic
Univ 0.02252 0.00020 <2.2E-16
Pop_300m -0.00024 0.00002 <2.2E-16
Hotel_300m 0.02613 0.00034 <2.2E-16
Perc_Foreigners 0.00353 0.00010 <2.2E-16
Year_10 0.00727 0.00208 4.67E-04
Year_11 0.01888 0.00203 <2.2E-16
Year_12 0.04332 0.00203 <2.2E-16
Year_13 0.04556 0.00205 <2.2E-16

Lambda = 0.25132p-value = <2.22E-16)
AIC Error =-5093.3

AlCoLs =-1947.5

AAIC =3145.8
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Table 34

Description of the SARx model 1

Coefficient NA p-value
Intercept 4.10760 3.80E-02 <2.2E-16
Dependent variable
Ln(Rent)
Building related explanatory variables: structural
Room 0.22846 0.00047 <2.2E-16
Story 0.01660 0.00040 <2.2E-16
Stories 0.00140 0.00027 2.88E-07
Attic 0.16445 0.00358 <2.2E-16
Garden 0.02982 0.00233 <2.2E-16
Terrace 0.11453 0.00273 <22E-16
Agel 0.14769 0.00190 <2.2E-16
Age2 0.08811 0.00184 <2.2E-16
Age3 0.05283 0.00142 <2.2E-16
Age4d 0.20157 0.00161 <2.2E-16
Spatial explanatory variables: structural
Dist_Highway 0.00059 0.00005 <2.2E-16
Highway -0.06297 0.00438 <2.2E-16
Dist_Station -0.00167 0.00010 <2.2E-16
Acc_Tot 0.08937 0.00140 <2.2E-16
Slope 0.00405 0.00019 <2.2E-16
Lake_dummy 0.11939 0.00148 <2.2E-16
Log(Sun_Eve) 0.00798 0.00024 <2.2E-16
Spatial explanatory variables: socio-economic
Pop_300m -0.00026 0.00002 <2.2E-16
Hotel_300m 0.02491 0.00034 <2.2E-16
Perc_NW 0.02549 0.00029 <2.2E-16
Perc_SE -0.00219 0.00021 <2.2E-16
Year_10 -0.01064 0.00164 9.89E-11
Year_11 -0.00194 0.00064 0.002
Year_12 0.01908 0.00145 <2.2E-16
Year_13 0.01616 0.00154 <2.2E-16
Lagged variables
Lag.Room -0.05755 0.00142 <2.2E-16
Lag.Story -0.00304 0.00078 9.34E-05
Lag.Stories -0.00053 0.00031 0.087
Lag.Attic -0.08873 0.00894 <2.2E-16
Lag.Garden -0.00216 NA NA
Lag.Terrace -0.02704 0.00548 7.95E-07
Lag.Agel -0.01325 0.00360 2.28E-04
Lag.Age2 -0.00097 NA NA
Lag.Age3 -0.00517 0.00126 3.98E-05
Lag.Age4 -0.04363 0.00293 <2.2E-16
Lag.Dist_Highway -0.00063 0.00012 4.30E-08
Lag.Highway 0.01520 0.00694 0.028
Lag.Dist_Station -0.00011 NA NA
Lag.Acc_Tot -0.03907 0.00285 <2.2E-16
Lag.Slope 0.00011 0.00002 4.80E-08
Lag.Lake_dummy -0.01736 0.00283 8.97E-10
Lag.Log(Sun_Eve) -0.00166 0.00044 1.3E-04
Lag.Pop_300m 0.00004 NA NA
Lag.Hotel_300m 0.00458 0.00118 1.0E-04
Lag.Perc_NwW -0.00391 0.00068 9.47E-09
Lag.Perc_SE 0.00335 0.00050 2.53E-11
Lag.Year_10 -0.01620 0.00164 <2.2E-16
Lag.Year_11 -0.05917 0.00654 <2.2E-16
Lag.Year_12 NA NA NA
Lag.Year_13 NA NA NA

Rho =0.25612p-value = <2.22E-16)

AICwix =-3055.5
AlCoLs =429.7
AAIC = 3485.2
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Table 35

Description of the SARx model 2

Variable Coefficient SE p-value
Intercept 4.51650 0.05019 <22E-16
Dependent variable
Ln(Rent)
Building related explanatory variables: structural
Room 0.22848 0.00046 <22E-16
Story 0.01622 0.00043 <22E-16
Stories 0.00063 0.00035 0.069
Attic 0.16598 0.00356 <2.2E-16
Garden 0.02784 0.00241 <22E-16
Terrace 0.11476 0.00275 <2.2E-16
Agel 0.14639 0.00190 <22E-16
Age2 0.08379 0.00183 <22E-16
Age3 0.05092 0.00161 <22E-16
Aged 0.19804 0.00165 <22E-16
Spatial explanatory variables: structural
Dist_Highway 0.00003 NA NA
Highway -0.07021 0.00464 <22E-16
Dist_Station -0.00142 0.00011 <22E-16
Acc_Tot 0.04766 0.00156 <2.2E-16
Slope 0.00356 0.00019 <22E-16
Lake_dummy 0.12112 0.00145 <22E-16
Log(Sun_Eve) 0.00534 0.00025 <22E-16
Spatial explanatory variables: socio-economic
Univ 0.02034 0.00033 <2.2E-16
Pop_300m -0.00025 0.00002 <22E-16
Hotel_300m 0.02585 0.00034 <22E-16
Perc_Schengen 0.00587 0.00036 <22E-16
Perc_OutSchengen 0.00115 0.00040 0.004
Year_10 0.00080 0.00072 0.267
Year_11 0.01687 0.00161 <2.2E-16
Year_12 0.04163 0.00179 <22E-16
Year_13 0.04536 0.00210 <22E-16
Lagged variables
Lag.Room -0.05563 0.00149 <22E-16
Lag.Story -0.00270 NA NA
Lag.Stories -0.00138 NA NA
Lag.Attic -0.08781 0.00834 <22E-16
Lag.Garden -0.00145 NA NA
Lag.Terrace -0.02639 0.00861 0.002
Lag.Agel -0.01402 0.00427 0.001
Lag.Age2 -0.00388 NA NA
Lag.Age3 -0.00749 0.00468 0.110
Lag.Aged -0.04253 0.00336 <22E-16
Lag.Dist_Highway -0.00054 0.00011 3.22E-07
Lag.Highway 0.01602 0.00693 0.021
Lag.Dist_Station -0.00040 NA NA
Lag.Acc_Tot -0.03127 0.00391 1.33E-15
Lag.Slope -0.00018 0.00010 0.069
Lag.Lake_dummy -0.01929 0.00353 4.84E-08
Lag.Log(Sun_Eve) -0.00071 0.00134 0.593
Lag.Univ -0.00458 0.00054 <22E-16
Lag.Pop_300m 0.00000 NA NA
Lag.Hotel 300m 0.00492 0.00094 1.53E-07
Lag.Perc_Schengen 0.00151 0.00046 0.001
Lag.Perc_OutSchengen -0.00054 0.00032 0.089
Lag.Year_10 -0.02236 0.00169 <22E-16
Lag.Year_11 -0.06923 0.00628 <22E-16
Lag.Year_ 12 NA NA NA
Lag.Year_ 13 NA NA NA

Rho=0.24732 (p-value = <2.22E-16)

AlCyix=-5075.8
AlCoLs =-2084.6
AAIC =2991.2
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Table 36

Description of the SARx model 3

Variable Coefficient SE p-value
Intercept 4.52720 0.03937 < 2.2E-16
Dependent variable
Ln(Rent)
Building related explanatory variables: structural
Room 0.22844 0.00046 < 2.2E-16
Story 0.01603 0.00038 < 2.2E-16
Stories 0.00082 0.00022 2.3E-04
Attic 0.16596 0.00353 <2.2E-16
Garden 0.02800 0.00231 < 2.2E-16
Terrace 0.11503 0.00270 <2.2E-16
Agel 0.14715 0.00188 <2.2E-16
Age2 0.08452 0.00182 < 2.2E-16
Age3 0.05132 0.00140 < 2.2E-16
Aged 0.19861 0.00160 <2.2E-16
Spatial explanatory variables: structural
Dist_Highway 0.00002 NA NA
Highway -0.07325 0.00423 < 2.2E-16
Dist_Station -0.00131 0.00008 <2.2E-16
Acc_Tot 0.04634 0.00141 <2.2E-16
Slope 0.00362 0.00018 < 2.2E-16
Lake_dummy 0.12252 0.00137 < 2.2E-16
Log(Sun_Eve) 0.00478 0.00023 <2.2E-16
Spatial explanatory variables: socio-economic
Univ 0.02217 0.00021 < 2.2E-16
Pop_300m -0.00024 0.00001 < 2.2E-16
Hotel_300m 0.02591 0.00034 <2.2E-16
Perc_Foreigners 0.00339 0.00009 <2.2E-16
Year_10 0.00213 0.00156 0.171
Year_11 0.01985 0.00177 < 2.2E-16
Year_12 0.04624 0.00181 <2.2E-16
Year_13 0.05232 0.00188 <2.2E-16
Lagged variables
Lag.Room -0.05562 0.00130 < 2.2E-16
Lag.Story -0.00281 NA NA
Lag.Stories -0.00144 NA NA
Lag.Attic -0.08913 0.00831 < 2.2E-16
Lag.Garden -0.00031 NA NA
Lag.Terrace -0.02528 0.00480 1.41E-07
Lag.Agel -0.01476 0.00327 6.27E-06
Lag.Age2 -0.00421 NA NA
Lag.Age3 -0.00697 0.00164 2.07E-05
Lag.Age4 -0.04227 0.00212 <2.2E-16
Lag.Dist_Highway -0.00060 0.00009 9.74E-12
Lag.Highway 0.01509 0.00738 0.041
Lag.Dist_Station -0.00026 NA NA
Lag.Acc_Tot -0.03131 0.00218 <2.2E-16
Lag.Slope -0.00010 NA NA
Lag.Lake_dummy -0.01752 0.00256 7.29E-12
Lag.Log(Sun_Eve) -0.00110 NA NA
Lag.Univ -0.00376 0.00034 <2.2E-16
Lag.Pop_300m 0.00002 NA NA
Lag.Hotel 300m 0.00427 0.00097 1.01E-05
Lag.Perc_Foreigners 0.00031 NA NA
Lag.Year_10 -0.02131 0.00168 <2.2E-16
Lag.Year_11 -0.06682 0.00567 < 2.2E-16
Lag.Year_12 NA NA NA
Lag.Year_13 NA NA NA

Rho =0.24797p-value = <2.22E-16)

AIC mix = -4953.7
AlCoLs =-1947.5
AAIC =3006.2
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Table 37 Description of the SA#Ror model 4

Variable Coefficient SE p-value
Intercept 0.69487 0.55790 0.213
Dependent variable
RentPerSQM
Building related explanatory variables: structural
Room -2.79441 0.01696 <2.2E-16
Story 0.18169 0.01335 <2.2E-16
Attic 3.14707 0.12542 <2.2E-16
Terrace 1.09021 0.09637 <2.2E-16
Agel 5.31523 0.07020 <2.2E-16
Age2 0.83440 0.06822 <2.2E-16
Age3 0.06184 0.05153 0.230
Aged 1.48693 0.05721 <2.2E-16
Spatial explanatory variables: structural
Dist_Highway 0.01710 0.00189 < 2.2E-16
Highway -2.54504 0.16472 <2.2E-16
Dist_Station -0.04220 0.00367 <2.2E-16
Acc_Tot 2.08606 0.04954 <2.2E-16
Slope 0.10649 0.00690 <2.2E-16
Lake dummy 2.82945 0.05225 <2.2E-16
Log(Sun_Eve) 0.18913 0.00850 <2.2E-16
Spatial explanatory variables: socio-economic
Pop_300m 0.02288 0.00066 <2.2E-16
Hotel 300m 1.29690 0.01257 <2.2E-16
Perc NW 0.60755 0.00983 <2.2E-16
Perc_SE -0.09913 0.00739 <2.2E-16
Year 10 0.59017 0.07591 7.55E-15
Year 11 0.65854 0.07512 <2.2E-16
Year 12 1.27479 0.07574 <2.2E-16
Year 13 0.80450 0.07829 <2.2E-16

Lambda = 0.25854 (p-value =<2.22E-16)
AICError =1'349'100.0
AlICo1s=1'352'000.0

AAIC =2900.0

105



Table 38 Description of the SA#Ror model 6

Variable Coefficient SE p-value
Intercept 10.78064 0.60641 < 2E-16
Dependent variable
RentPerSQM
Building related explanatory variables: structural
Room -2.79923 0.01692 < 2E-16
Story 0.16337 0.01332 < 2E-16
Attic 3.19005 0.12518 < 2E-16
Terrace 1.11026 0.09617 < 2E-16
Agel 5.27446 0.07011 < 2E-16
Age2 0.74327 0.06816 < 2E-16
Age3 -0.01395 0.05144 0.786
Aged 1.38248 0.05714 < 2E-16
Spatial explanatory variables: structural
Dist_Highway 0.00317 0.00190 0.096
Highway -2.76568 0.16471 < 2E-16
Dist_Station -0.03450 0.00366 < 2E-16
Acc_Tot 1.09605 0.05549 < 2E-16
Slope 0.10050 0.00689 < 2E-16
Lake dummy 2.90903 0.05158 < 2E-16
Log(Sun_Eve) 0.10871 0.00827 < 2E-16
Spatial explanatory variables: socio-economic
Unwv 0.52500 0.00721 < 2E-16
Pop_300m 0.02347 0.00066 < 2E-16
Hotel 300m 1.32093 0.01252 < 2E-16
Perc_Foreigners 0.05674 0.00343 < 2E-16
Year 10 0.92791 0.07552 < 2E-16
Year 11 1.20166 0.07398 < 2E-16
Year 12 1.94914 0.07387 <2E-16
Year 13 1.69752 0.07482 < 2E-16

Lambda = 0.26042 (p-value =<2.22E-16)
AICError=1'348'300.0
AlICo1s=1'351'300.0

AAIC =3000.0

106



