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ABSTRACT
This paper advocates for a greater emphasis on supply sided concepts such as the rent gap in 
the empirical operationalizations of gentrification. It provides a novel framework to identify 
rental-sector gentrification areas through index construction by drawing on insights from the 
gentrification, rent gap, price index and hedonic regression literatures. The approach is highly 
adaptable to a variety of regulatory contexts and other housing market idiosyncrasies through the 
design of the underlying regression model. Drawing on data from the city of Vienna, local rent 
changes and their relationship to price-effective transformations of the rental housing supply 
are quantified. After computing the respective indices, bivariate mapping is utilized to identify 
potential gentrification areas.
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INTRODUCTION

Although the literature on gentrification has 
produced multiple theoretical explanations 
(Lees et al.  2008), Neil Smiths rent gap the-
ory  (1979) remains one of the key concepts. 
After nearly halve a decade, it is still invoked 
to understand the link between urban trans-
formation and contemporary issues such 
as the ‘buy-fix-sell’ approach of major global 
investors (Christophers  2022) or the emer-
gence of the sharing economy (Wachsmuth 
& Weisler  2018). Clark and Pissin  (2020) 
even argue for an application of the concept 
beyond urban transformation. Nonetheless, 
empirical gentrification studies which attempt 
to operationalize rent gaps are scarce (Lees  
et al. 2008, p. 61f). Indeed, rent gaps are a very 
abstract concept and measuring them remains 
a challenging task. This issue of course, does 
neither halt the negative real-world impacts of 
gentrification nor academic discussion of the 

phenomenon. However, quantitative studies 
are thereby severely constrained and as a result 
often detached from supply-sided gentrifica-
tion theories.

Due to widespread privatization and 
promotion of homeownership, tenure con-
version has often been seen as the key gen-
trification mechanism across European 
cities (e.g., Andersson & Turner  2014; 
Boterman & Van Gent  2014). However, pri-
vate rental markets are re gaining importance 
(Eurofound 2023), often even being actively 
promoted (Hochstenbach & Ronald  2020). 
Ironically, private rental markets are one 
of the still understudied contexts within 
empirical approaches to the rent gap. Of 
course, rent gaps are by no means limited to 
rental markets, despite linguistic proximity. 
Nonetheless, the most severe consequence 
of gentrification i.e., direct displacement 
of residents is most likely for tenants in the 
private rental sector. Thus, this paper aims 
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to analyse rent gap induced gentrification 
where the property is transformed but con-
tinues to be supplied on the private rental 
market. Following Millard-Ball  (2000) I will 
refer to this as ‘rental-sector gentrification’ 
as opposed to modes of gentrification which 
involve tenure changes.

Surprisingly there is a rather small set of 
quantitative gentrification studies that ex-
plicitly include rental market variables (e.g., 
Freeman et al.  2016; Kadi et al.  2022b) and 
they typically do not provide any clear link 
to rent gap theory. The aim of this paper is 
thus to propose a framework for quantitative 
identification of neighbourhoods which are 
transformed through landlords seeking to 
close existing rent gaps, but properties re-
main on the rental market. To do so, I draw 
on two very different strands of the literature. 
First, Bernt’s  (2022) discussion of the ‘real-
ization problem’ to conceptually link rent 
gaps, which are very abstract and difficult to 
quantify, to more tangible transformations in 
the local rental market. Two key dimensions 
identified in the context of rental-sector 
gentrification are price-effective, qualitative 
transformations of the housing supply and a 
subsequent increase in the rents charged by 
landlords. It needs to be emphasized, though, 
that these are not measurements of the rent 
gap as such but of the empirical implications 
associated to a certain type of rent gap clos-
ing. Second, the house price index literature 
which provides the tools to measure these 
transformations using hedonic regression 
models and index construction. Finally, bivar-
iate mapping of the proposed indices can be 
utilized to identify neighbourhoods with high 
rental-sector gentrification pressure.

The proposed identification strategy is 
then exemplified, drawing on the case of 
Vienna after the 2008 Global Financial Crisis 
(GFC). Although, traditionally rather known 
for social housing than gentrification, the 
city of Vienna has several features which 
make it an ideal case study. It has a large pri-
vate rental sector which has undergone sig-
nificant transformations (Kadi  2015), with 
strong price increases especially in the post-
GFC context (Kadi et al.  2022a). Thus, the 
study period 2011–2020 should be able to 
capture significant dynamics both in terms 

of qualitative transformations and rising 
rent levels. Accordingly, there is an ongo-
ing debate on the drivers of gentrification 
in the city. While, among others, Kadi and 
Verlič  (2019) argue landlords seeking to 
close existing rent gaps are causing gentrifi-
cation, Musil et al.  (2022) focus on housing 
stock transformation as an indication of clos-
ing value gaps. Furthermore, the Viennese 
rental market is well known for its complex 
regulations, which should help to exemplify 
how the approach can easily be adapted to 
local idiosyncrasies through specification of 
the underlying regression model. For the 
case study, this paper draws on an extensive 
dataset, covering rents and characteristics of 
over ten thousand apartments listed on the 
Viennese private rental market.

The remainder of this paper is structured 
as follows: Section “Gentrification, Rent Gaps 
and the Measurement Issue” reviews theo-
retical debates around gentrification and 
common quantitative approaches. Section 
“Identifying Rental-Sector Gentrification” 
presents a novel framework to identify po-
tential gentrification areas. Section “The 
Unlikely Case of Vienna” introduces the case 
of Vienna, while Section “Modelling Viennese 
Housing Rents” reports how the proposed 
methodology has been implemented in the 
case study and Section “Results” presents the 
empirical findings. Section “Discussion and 
Conclusion” discusses the findings and pro-
vides a brief conclusion.

GENTRIFICATION, RENT GAPS AND THE 
MEASUREMENT ISSUE

The term gentrification was coined by 
Glass  (1964) to describe a rather specific 
process of middle-class gentrifiers moving 
into Victorian houses formerly occupied by 
working-class families in London. However, 
this paper follows a more general under-
standing of gentrification as a ‘a process 
involving change in the population of land 
users such that the new users are of a higher 
socio-economic status than the previous 
users, together with an associated change 
in the built environment through a rein-
vestment of capital’ (Clarke  2005, p. 258). 
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Another important distinction among the-
oretical approaches to gentrification is be-
tween demand- and supply-side explanation 
patterns (Lees et al. 2008). Demand-side the-
ories typically contend that local changes in 
the built environment are preceded by social 
practices. Thus, they are initiated by so-called 
Pioneers entering deprived areas who even-
tually attract an inflow of capital. However, 
the remainder of this paper will concentrate 
on the debate surrounding supply-side theo-
ries. These imply that changes in the socio-
economic structure of a neighbourhood are 
caused by capital reinvestment in the built 
environment.

According to Smith (1979), such reinvest-
ment occurs when the rent gap, or the gap be-
tween actual ground rent and potential rent 
ground rent, has grown sufficiently large. 
Here it is important to distinguish between 
the different types of rent mentioned. First, 
ground rent as understood by Smith  (1979, 
p. 543), is ‘a claim made by landowners on 
users of their land.’ Ground rents vary with its 
competitive advantages associated to differ-
ent qualities of the land. These can be caused 
either by natural features of a given plot of 
land or by improvements to it (Bernt 2022, p. 
29). Thus, ground rents change with urban 
expansion (Smith 1979), provision of public 
infrastructure (López-Morales et al.  2023) 
or crucially in the context of rental-sector 
gentrification, investment into the housing 
stock (Smith 1979). Capitalized ground rent 
then refers to ‘the actual quantity of ground 
rent that is appropriated by the landowner, 
given the present land use’ Smith  (1979, p. 
543). Meanwhile, potential ground rent is 
defined as ‘the amount that could be capital-
ized under the land’s “highest and best use.”’ 
(Smith 1979, p. 543). Hence, with increasing 
gaps between actual and potential ground 
rent, there is an economic incentive to trans-
form a property, which may result in various 
forms of displacement. If such a transforma-
tion successfully takes place, the rent gap is 
considered as either partially or even fully 
closed.

Meanwhile, Maloutas  (2012) argues that 
gentrification as a concept is highly dependent 
on contextual causality and application be-
yond the Anglo-American metropolis implies 

an unwelcome shift from causal mechanisms to 
mere similarities in outcomes. Ghertner (2015) 
similarly argues that market forces are typically 
not the key drivers of displacement in the 
global-south and therefore different explana-
tions are required. Indeed, it self-evident, that 
local housing market structures, regulations 
etc. play a crucial role in understanding urban 
transformations. I further agree that gentrifica-
tion should not be solely understood by socio-
spatial outcomes but by the underlying drivers 
and the mechanisms through which they are 
realized. Nonetheless, I follow the notion of 
rent gaps as indeed global cross-contextual 
drivers of gentrification (López-Morales 2015; 
Slater  2015). One of the weaknesses of the 
original rent gap theory, however, is regarding 
what Bernt (2022) calls the realization problem 
of the rent gap. Thus, to question how reinvest-
ment of capital, transformation of the built en-
vironment and displacement are conceptually 
connected. How and if developers can realize 
potential ground rents is indeed highly depen-
dent on local conditions such as housing mar-
ket regulations, thus political determination.

Despite being called upon to explain gen-
trification across the world, rent gaps are 
considered as extremely hard to measure 
(Lees et al.  2008, p. 61f) and few empirical 
studies offer explicit operationalizations. 
Although some early attempts have been made 
(e.g., Ley  1986; Clark  1988; Badcock  1989; 
Hammel  1999), they typically rely on prox-
ies of capitalized- and potential ground rent, 
but so far, no consensus could be established 
regarding the choice of proxies. A systematic 
overview of common operationalizations can 
be found in Liu et al. (2018). Bourassa (1990, 
1993), an outspoken opponent of the rent gap 
theory, provides an in-depth criticism of these 
early operationalizations. He further points 
out that the rent gap hardly plays a role in 
Smiths own empirical studies, which should 
become indicative for a wider trend in empir-
ical gentrification research. Indeed, quanti-
tative gentrification studies frequently have a 
vague relationship to the rent gap theory when 
it comes to identifying gentrification areas. 
This is particularly problematic as empirical 
findings are known to be quite sensitive to the 
underlying definitions and their operational-
izations (Barton 2016; Finio 2022). A notable 
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exception to this trend, however, is provided by 
López-Morales (2011, 2016).

Most gentrification studies, though, do 
not consider supply-sided theories in their 
research design. While some studies identify 
gentrification areas simply based on prior 
local knowledge (Freeman & Braconi 2004), 
others do not operationalize the under-
lying changes to the built environment 
(Atkinson  2000; Walks & Maaranen  2008; 
Hedin et al.  2012). Another set of studies, 
employs both real estate and socio-economic 
indicators but does not distinguish between 
gentrification’s drivers and outcomes (Holm 
& Schulz  2016; Reades et al.  2019; Kadi 
et al.  2022b; Bunten et al.  2023). Although 
these studies allow for valuable insights into 
the geography of neighbourhood transfor-
mation, they presuppose their socio-spatial 
implications. A key advantage of supply-sided 
theories, however, is that they allow to disen-
tangle the driver from the outcome. Freeman 
et al.  (2016) provide one of the few quasi-
experimental gentrification studies, which 
explicitly feature rental market dynamics. 
Surprisingly though, the authors treat rising 
rents as a control variable rather than imma-
nent feature of gentrification. Of course, de-
prived households do not necessarily oppose 
improvements to their homes, but they may 
be unable to afford the resulting increase in 
housing costs.

Acknowledging that directly measuring rent 
gaps is quite difficult, the aim of this paper 
is nonetheless to propose an identification 
method for gentrification areas which is theo-
retically grounded and in the spirit of a supply-
sided explanation of gentrification. I thus draw 
on Bernt’s (2022) discussion of the realization 
problem and the varying mechanisms through 
which rent gaps may or may not translate to 
displacement, to come up with a quantitative 
operationalization. While Bernt analyses the 
‘historically specific nexus between commod-
ification and decommodification in driving 
gentrification’ (Bernt  2022, p. 3), my task 
is of a more technical nature. However, un-
derstanding the mechanisms through which 
transformations of the built environment are 
conducted to close existing rent gaps in a way 
that brings about a change in the status of land-
users, is crucial for the empirical identification 

of gentrification areas. Broadly speaking, these 
mechanisms include (1) a transformation of 
the built environment which changes the res-
idential nature of the built structure which 
thereby displaces all former residents.

Alternatively, (2) the built structure may 
remain residential but experience a tenure 
conversion. Since, former residents may not 
be able to purchase the apartments they pre-
viously rented, such a transformation also 
caused displacement. This mechanism is typ-
ically analysed through the value gap frame-
work (Hamnett & Randolph 1984). The value 
gap refers to a disparity between a properties’ 
difference between tenanted investment and 
vacant possession value, which, if sufficiently 
large, incentivises tenure conversion, thereby 
causing displacement. However, according to 
Clark  (1992) the closing of a value gap en-
tails at least a partial closure of the rent gap. 
See Musil et al.  (2022) or Boterman and Van 
Gent (2014) for empirical applications.

Furthermore, (3) apartments may also 
remain in rental supply despite qualitative 
transformations. In such instances, gentri-
fication is initiated by ‘landlord developers’ 
who aim to rent to tenants after rehabilita-
tion (Smith 1979, p. 546). Thus, in an open 
market setting, properties would receive 
qualitative upgrading to attract more affluent 
tenants from which higher rents can be com-
manded. However, frequently rents are kept 
below market rates by state interventions such 
as price caps. If applicability of regulations 
is tied to certain characteristics of the prop-
erty, transformation of the built structure can 
be a way to escape those regulations (e.g., 
Hatz  2021). In both instances, (contract-) 
rents will be raised after the transformation 
is conducted. It is important to emphasize, 
though, that housing (or contract) rent is 
not the only component of ground rent 
(Clark 1995) and thus ‘quite a different ani-
mal from ground rent, but both are forms of 
rent’ (Smith 1996, p. 1200). See Haila (2015) 
for a good overview of different concepts 
of rent. However, Smith  (1979, p. 543) also 
points out that ‘in the case of rental housing 
[…] the landlord’s capitalized ground rent 
returns mainly in the form of house rent 
paid by the tenants’. Accordingly, housing 
rent is not a proper measure of ground rent 
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and therefore neither of the rent gap, but 
nonetheless a necessary implication of rent 
gap closings in the context of rental-sector 
gentrification. Although rental-sector gentri-
fication has been studied empirically across 
different cities (e.g., Millard-Ball  2000; Van 
Criekingen 2010; Bernt 2022), very few con-
tributions feature quantitative operational-
izations. However, the current resurgence of 
private rental markets combined with the fact 
that they disproportionally house low-income 
households (Eurofound 2023) leaves tenants 
particularly vulnerable to this type of gentrifi-
cation. Thus, the remainder of this paper will 
focus on rental-sector gentrification and pro-
pose a novel approach to identify it based on 
the previous discussion.

IDENTIFYING RENTAL-SECTOR 
GENTRIFICATION

Since both forms of rental-sector gentrifi-
cation imply rising rent levels in the neigh-
bourhood, this will be the first dimension to 
be quantified. However, rent increases are a 
necessary but not a sufficient condition for 
rental-sector gentrification. Given the ini-
tially cited definition, declining affordability 
needs to be an outcome of a change in the 
built environment, thus a qualitative transfor-
mation, not just inflation. Nonetheless, not 
all qualitative transformations lead to an in-
crease in housing costs, either because rents 
are not allowed to adjust due to regulations or 
the conducted changes are simply not attract-
ing increased demand by affluent tenants. 
Thus, the second dimension to be measured 
is price-effective qualitative transformation 
of the supplied rental housing stock in the 
neighbourhood. Here, price-effectiveness re-
fers to a transformations ability to impact the 
rents charged. Such transformations can ei-
ther be qualitative upgrading or, depending 
on the regulatory context, a transformation 
which allow the landlord to bypass price caps, 
or a combination of both.

In principle, price changes, particularly 
changes in housing rent, can be measured in 
a variety of ways. Hill (2013) provides a good 
overviews of the various methods that are 
commonly used. Accordingly, the most-simple 

type of housing price index would be a Mean 
Index that tracks the average price over time.  
Thus let: PMst =

�

1∕Ht ×
∑Ht
h=1

pth

�

∕
�

1∕Hs ×
∑Hs
h=1

psh

�

 
denote the price index between the initial 
period s and the current period t where H in-
dexes the set of supplied flats and p denotes 
their respective price. The mean index is sim-
ple to calculate and directly reflects the hous-
ing cost that tenants must bear. However, 
this approach has obvious drawbacks, as 
it is prone to conflating quality with price 
changes, resulting in a systematic bias. The 
mean index overestimates the actual price 
increase because the quality of the underly-
ing dwellings typically improves over time. 
This fact will be used later to obtain an idea 
of price-effective transformation. A straight-
forward approach to the problem of confus-
ing price and quality changes is to examine 
the same objects repeatedly over time. Bailey 
et al.  (1963) proposed a regression-based 
index construction method known as the 
repeated sales method. Although appealing due 
to its simplicity, an application for building 
indices on a local level is difficult because the 
number of flats reappearing at a given point 
in time and space may be too small to obtain 
a reliable estimate.

Another option for creating quality-
adjusted price indices is to employ the so-
called hedonic regression methods. As the 
name implies, these are based on regression 
models in which the price of a product is 
regressed on a vector of characteristics that 
do not have individually observed prices. 
Hill  (2013) summarizes three types of he-
donic housing price indices. First is the 
time-dummy method that regresses prices onto 
observed product characteristics and a set of 
time-dummies to produce a quality-adjusted 
price index via the time-dummy coefficients. 
The second approach is called the imputation 
method. It makes use of price index formulas 
which compare price levels of a fixed product 
basket, in this case a set of flats, across two pe-
riods. Most common are the Laspeyres Index: 
PL
st
=
∑Hs
h=1

pth ∕
∑Hs
h=1

psh tracking the initially 
supplied set of flats Hs and the Paasche 
Index: PP

st
=
∑Ht
h=1

pth ∕
∑Ht
h=1

psh tracking the 
current set of flats Ht. While the Laspeyres 
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Index is prone to overestimating housing 
price inflation the opposite holds true for 
the Paasche Index. Thus, the Fisher Index: 
P F
st
=
(

PL
st
×PP

st

)1∕2
 defined as the geometric 

mean of the previous two, tries two offset this 
problem. However, these indices can only be 
computed if the current price of each good 
is available across all periods. Because this 
requirement is typically not met for rental 
market data, a hedonic pricing model is re-
quired to impute prices for all residences at 
all times. For consistency, the available price 
observations are typically replaced by their 
predicted values. The term double-imputation 
method is used in this case. This should also 
help mitigate the effects of omitted variable 
biases caused by unobserved characteristics 
(Hill & Melser 2008).

The characteristics method is similar to the im-
putation method, except that it replaces the set 
of observed apartments with the average unit 
for all periods used for imputation. Although 
considering changes in the average unit may 
be appealing from an interpretation stand-
point, it may also introduce a bias, as no such 
average flat exists in the real world. These stan-
dard approaches can be applied to any level 
of spatial aggregation; however, the literature 
on local housing price indexes tends to fa-
vour more sophisticated statistical modelling. 
For instance, Goetzmann and Spiegel (1997) 
estimate a local variant of the repeated 
sales index, whereas Pace et al.  (1998) and 
Clapp (2004) propose autoregressive models 
for index-surface construction as an advanced 
version of the time-dummy method.

To obtain an indication of price-effective 
transformations without exogenously defin-
ing good and bad characteristics, one could 
again draw on the previously summarized 
literature on price index construction. The 
concept proposed here is quite simple. If 
one type of price index is quality-adjusted 
whereas another is not, the difference must 
somehow reflect the underlying qualitative 
changes. If the adjusted index value is greater 
than the unadjusted index value, one would 
assume that either upgrading or another 
price-effective transformation has occurred 
without having to specify which qualities are 
considered superior. In this way any systematic 

qualitative change of the rental housing sup-
ply in a neighbourhood can be measured in a 
single number. The respective impact of the 
various possible qualitative changes onto the 
index directly depends on their regression 
coefficients or theoretically speaking, shadow 
price functions, which provides an endoge-
nous weighting mechanism. If price damp-
ening regulations are in place, this needs to 
be properly reflected in the specification of 
the regression model. Otherwise, both the re-
gression coefficients will be biased and trans-
formations which allow landlords to bypass 
regulations, cannot be captured.

The Laspeyres index appears to be an ob-
vious choice for the quality-adjusted index. 
The same holds true for the mean index as 
the selection for the non-quality-adjusted 
index, as both refer to the same set of flats Hs. 
These can be used to compute an Index Gap: 
Gst = Pst

M − Pst
L Under the condition that 

PM
st

≥ PL
st

 the index will return a positive value 
indicative of price-effective transformation in 
the housing characteristics. Higher values are 
associated to higher levels of transformation. 
If Pst

M
> Pst

L
> 1 this transformation goes 

hand in hand with actual increase in rent lev-
els. However, if 1 > Pst

M
> Pst

L there is a rent 
deflation despite price-effective transforma-
tion. Although this scenario may not be too 
likely in practice, its possibility highlights the 
need to include both transformation and rent 
increases in the subsequent identification 
scheme. Similarly, any constellation where 
Pst

L
> Pst

M returns a negative value suggest-
ing qualitative transformations associated with 
lower rents. Again, this could be in the context 
of rent inflation if Pst

L
> Pst

M
> 1 or deflation if 

1 > Pst
L
> Pst

M. Finally, both a Price Index and 
the Index Gap are utilized to identify poten-
tial rental-sector gentrification areas. For this 
paper the Fisher Index, computed through the 
double-imputation method is chosen to mea-
sure rent increases as it provides the best link 
to the proposed supply upgrading measure-
ment while being less biased than the charac-
teristics method. Furthermore, the Laspeyres 
Index and the Mean Index are similarly com-
puted using a double-imputation method be-
fore producing the Index Gap.

After computing the respective indices, 
neighbourhoods that experienced significant 
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price-effective transformations in housing char-
acteristics and subsequently high rent increases 
are identified through bivariate mapping. Given 
a lack of theoretical guidance on what consti-
tutes a high increase, the average development 
across areas appears to be a reasonable point 
of reference. Therefore, the terciles of both the 
Fisher Index and the Index Gap at the end of 
the observed period are plotted. A subdistrict 
must be in the top tercile in both dimensions to 
be considered potentially gentrifying.

THE UNLIKELY CASE OF VIENNA

The case of Vienna will be used to demonstrate 
the methodological framework outlined in the 
previous sections. Vienna is traditionally not 
considered an obvious case for a gentrification 
study. On the contrary, the city is well-known 
for its high standard of living and emphasis on 
social cohesion (Hatz 2008). This is frequently 
linked to widespread and stable social housing 
provision which aims to promote social mixing 
(Premrov & Schnetzer 2023) and a wider price 
dampening effect (Banabak 2023). Together 
the communal and the non-profit housing 
segments provide housing to about half of 
Viennese residents. However, the social hous-
ing segments are not prone to gentrification 
and thus not subject of the following empir-
ical investigation. Meanwhile, approximately 
one-third of the population is housed in the 
private rental market, which has either free 
market pricing or price controls. The latter 
is primarily applicable to housing units with a 
construction permit before 1945.

Nonetheless, the city has undergone signif-
icant transformations as well as a significant 
rise in housing costs over the last decades. 
After an extended period of population de-
cline, Vienna experienced a renewed period 
of urban growth in the late 1980s and 1990s, 
accompanied by geopolitical shifts. The subse-
quent housing market boom was accompanied 
by a series of market liberalizations (Kadi & 
Matznetter 2022), but new construction lagged 
for a long time. Real estate prices and hous-
ing rents have sharply risen, putting Vienna’s 
status as a city capable of providing afford-
able housing in jeopardy (Kadi et al.  2022a). 
This sparked an increased interest in the 

relationship between housing market develop-
ments and increased socio-spatial inequality, 
challenging the long-held belief that gentrifi-
cation has little relevance in Austria’s capital 
(Fassmann & Hatz 2004; Novy 2011).

According to Kadi and Matznetter  (2022), 
new regulations in the price-capped rental mar-
ket prompted a massive inflow of private capital 
into the Viennese rental market in an attempt 
to close the existing rent gap. The primary fea-
tures of these liberalizations were the introduc-
tion of location bonuses and the possibility for 
time-limited contracts on the condition that the 
apartment was of the highest equipment stan-
dard category. This is said to have resulted in a 
higher-quality but also higher-priced market. 
Here both qualitative upgrade and escaping the 
harsher regulation are appearing intertwined. 
Meanwhile, Musil et al. (2022) argue that historic 
housing stock transformation is the driver of gen-
trification in Vienna. The authors contend that 
property owners seeking to close the value gap 
push for the legal conversion of old tenement 
buildings (Zinshäuser) into owner-occupied 
housing, causing displacement. Such a conver-
sion is required to profit from the recent real 
estate price boom by selling single apartments. 
Alternatively, demolition and new construction is 
a way to fully escape existing price caps, as these 
are only applicable to the historic housing stock.

Although arguing within different theoret-
ical frameworks, one consensus across these 
studies is to identify the private rental market 
as the one housing market segment most vul-
nerable to gentrification. Yet, Musil et al. (2022) 
strictly limit the claim to the historic housing 
stock and argue that gentrification processes 
are highly unlikely in the unregulated segment 
of the private market because presumably no 
value gap exists. However, tenure conversion is 
not the only possible gentrification mechanism. 
Thus, the Viennese case will be used to demon-
strate how the methodological framework out-
lined in the previous Section allows to identify 
potential within rental-sector gentrification.

MODELLING VIENNESE HOUSING 
RENTS

The approach outlined in Section “Identifying 
Rental-Sector Gentrification” comes with 
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many benefits, however, it relies on a prop-
erly specified hedonic regression model for 
rent price imputations. To obtain such a 
model, both general as well as context spe-
cific aspects need to be considered. The mod-
el’s functional form is a good starting point 
for developing a hedonic pricing model. In 
most cases, a semi-log model specification 
is thought to be useful (Malpezzi 2003), but 
imputations will necessitate a bias correction 
(Malpezzi et al.  1998). However, a log-linear 
model may still be too restrictive. Thus, 
Wallace  (1996) already suggests explicitly 
allowing for nonlinearities in shadow price 
functions. A semiparametric model specifica-
tion can be used to deal with the issue of po-
tentially nonlinear price responses to changes 
in continuous characteristics (e.g., Anglin & 
Gencay  1996) or time trends (Waltl  2016). 
Generalized Additive Models, as summarized 
by Wood (2017) provide an ideal framework 
for the estimation of such a semiparametric 
hedonic model. It allows to model nonlin-
ear shadow price functions as smooth terms 
through a set of basis-functions. The frame-
work also nests the hierarchical modelling 
approach, which can be used to introduce 
random intercepts across different locations. 
Lee et al. (2016) show that a hierarchical ap-
proach can help to mitigate the modifiable 
areal unit problem. However, when random 
effects are used to introduce varying inter-
cepts between spatial units, their attached 
distributional and independence assump-
tions will almost certainly be violated. Thus, 
Fahrmeir et al. (2004) present an alternative 
approach using Markov-random-fields (mrf) 
to model a spatially structured random effect 
for discrete spatial data. Instead, of indepen-
dence, the assumption is that nearby loca-
tions are more similar than distant ones.

As indicated by Brunauer et al.’s  (2010), 
another important consideration for hedonic 
modelling is the parameter heterogeneity of 
flat characteristics across space. For example, 
having a parking spot included might have a 
vastly different impact on the total rent in a 
peripheral location than in a central district. 
In a hierarchical modelling framework, spa-
tial heterogeneity can also be introduced by 
interacting a covariate with a random effects 
term. Following Pedersen et al. (2019) global 

smooths can be combined with group-level 
smooth terms that allow for local deviations. 
Thereby, the relationship between the rent 
and the respective hedonic characteristic in 
a given place, is allowed to deviate from the 
city-wide relationship depending on the num-
ber of observations available. As previously 
stated, there is no reason to believe that char-
acteristics shadow prices remain stable over 
time. Thus, time variation in shadow prices 
of characteristics should be considered as 
well. This can be accomplished once more 
by interacting the coefficients with a smooth 
time trend. Estimation can be simplified by 
using fewer basis functions and a stronger 
penalty on the interaction term compared 
to the baseline time trend. However, due to 
the limited number of parameters that can 
be estimated, the spatial and temporal varia-
tions must be treated as additive rather than 
interactive.

As summarized in Section “The Unlikely 
Case of Vienna”, the private Viennese rental 
sector can be divided into two segments with 
distinct pricing mechanisms. While one seg-
ment has no price setting restrictions, the reg-
ulated segment reflects market developments 
through complex regulations that include 
quality-related modifiers and location fac-
tors. Thus, the price setting mechanism very 
much resembles a hedonic model. However, 
the price effects of different characteristics 
might vary considerably between segments. 
Hence, regime heterogeneity in model pa-
rameters should be considered. This can be 
accomplished by using an interaction term 
between a tenancy law regime indicator 
and potentially all (non-)linear covariates. 
Incorporating the regime heterogeneity into 
the model serves two main purposes. First, if 
regulations do impact prices considering re-
gime heterogeneity should produce a better 
prediction quality. Second, it also allows the 
Index Gap to capture transformations aiming 
to get rid of existing price caps, such as dem-
olition and new construction, additionally to 
upgrading through renovation. Furthermore, 
as Kadi  (2015) discusses, location bonuses 
applicable in the price regulated segment 
have skyrocketed in some parts of the city 
since 2010. Thus, location-specific intercepts 
should not only be allowed to evolve over 
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time, but they should also be able to grow at 
different rates while keeping spatial depen-
dencies in mind. This is accomplished by the 
interaction of the time trend with the subdis-
trict mrf, which results in spatially structured 
time trends.

The hedonic model is set up based on the 
previous considerations and estimated using 
listings data collected and generously made 
available by the DataScience Service GmbH 
and TU Wien’s Research Unit Urban and 
Regional Research. These include a total of 
107,685 listed apartments available on the pri-
vate Viennese rental market between 2011 and 
2020. The hedonic variables available, their 
respective model terms and the interactions 
considered are reported in Table 1. The model 
is fitted by penalized restricted maximum like-
lihood estimation and compared against seven 

nested model versions of lower complexity 
based on their AIC to avoid overfitting. The 
best-performing model, however, is also the 
most complex one, considering both regime 
and spatial heterogeneity as well as temporal 
variation. To demonstrate these variations, 
Figure  1 depicts the area shadow price func-
tions. The upper part of Figure  1 shows the 
price response function concerning changes 
in the area of a median flat across the two reg-
ulatory regimes and the 23 districts. The lower 
part of Figure  1 depicts the relationship be-
tween area, time, and rent/square metre for 
both regimes.1 Although the level of heteroge-
neity in the shape of the response functions is 
notable, clear common trends also exist. The 
overall picture of declining price functions fits 
findings by Brunauer et al.’s (2010). Meanwhile, 
the lower left graph shows that nearly all sizes 

Table 1.  Variables and model terms included in the hedonic regression.

Variable Term Description

Interaction

District Time Regulated

Rent/sqm 
(log)

Dependent 
variable

Gross rent per square metre excl. 
operating costs

Area Smooth Square metre living space X X X
Age Smooth Age of building at time of 

measurement
X X X

Ptind Smooth Index measuring public transport 
time to central places

X X X

Time Smooth Time difference to first observa-
tion in days

X X

Dist Random 
effect

Identifier for each of 23 districs 
(Bezirke)

X X

Subdist Markov ran-
dom field

Identifier for each of 230 subdis-
trics (Zählbezirke)

X X

Rooms Binary Identifiers based on the number 
of rooms within flat

X X X

Floor Binary Identifiers for five floor level 
categories

X X X

Balcony Binary Identifiers for four size categories X X X
Elevator Binary Elevator in building X X X
Cellar Binary Basement compartment available X X X
Garage Binary Garage available X X X
Heating Binary Identifiers for district, floor, oven 

or central heating
X X X

Condition Binary Identifiers for four condition 
categories

X X X

Sbath Binary Second bathroom in flat X X X
Provider Binary Identifier for data provider X X X
Regulated Binary Full applicability of tenancy law X X
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of flats have become more expensive over time. 
However, smaller units increased more than 
mid-sized flats and the regulated segment in-
creased earlier, particularly in the 100 m2 unit 
range. This highlights the importance of al-
lowing for time variation in the shadow price 
functions and heterogeneous responses across 
regulatory regimes.

RESULTS

Finally, the hedonic model is used to impute 
the rents of a specific subdistrict’s housing 

units repeatedly over time. The Fisher Index 
and Index Gap are then computed based upon 
these imputations. If fewer than ten listings are 
observed within a subdistrict in each period, 
missing index values are replaced by a simple 
moving average to produce a continuous time 
series. The left column of Figure 2 depicts the 
evolution of the index over time. Each line rep-
resents one of the 181 subdistricts considered. 
Thus 69 of the city’s 250 subdistricts were omit-
ted from the analysis, the majority of which are 
in the city’s outskirts with few residents or small 
private rental shares. The thick black line de-
picts the median development of subdistricts.

Figure 1.  Area response functions across districts, time and pricing regimes. 
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The Fisher Index shows a 14 per cent in-
crease in median, quality-adjusted rent between 
2011 and 2020. However, the variation across 
neighbourhoods is significant, with growth 
rates ranging from slightly negative to 27 per 
cent. Following a period of moderate growth, 
prices begin to rise more rapidly around 2017 
in most subdistricts. Meanwhile, the median 
subdistrict reports an Index Gap of around 
20 percentage points. Again, there is substan-
tial variation across subdistricts, ranging from 
around slightly negative values to 90 percent-
age points.

After focusing on the indices’ temporal de-
velopment, the right column of Figure 2 depicts 
the spatial distribution of the index values in 
2020. Clusters of subdistricts with hight rent in-
creases can be found all over the city. While one 
cluster is within the affluent city centre, there 
also three clusters within typical working-class 
neighbourhoods. One in the west, one between 
the ‘donaukanal’ and the Danube and one in 
the south-east. Notably, the richer outskirts 
in the north show rather low rent increases. 
Meanwhile, the areas east of the Danube are 
extremely heterogeneous. When the spatial 
distribution of the Index Gap is examined, an 
interesting picture emerges. Central areas show 

rather low transformation levels. However, 
areas in the west, south-west and south-east in-
dicate high transformation activity. Again, these 
are traditional working-class neighbourhoods, 
which contributes significantly to the gentrifi-
cation narrative. As before, the patterns east of 
the Danube are less distinct.

Overlaying the information provided by 
both indices in a bivariate map helps to iden-
tify potential gentrification areas. Figure  3 
depicts such a bivariate map of rent increase 
and price-effective transformation. It shows 
potentially gentrifying neighbourhoods in 
the south-eastern part of Vienna and along 
the Danube’s western bank. Another clus-
ter is in the southwest. Notably the city cen-
tre hardly features any gentrification areas. 
Similarly, quarters previously studied through 
qualitative methods such as Karmeliterviertel 
(Huber 2011) or Gumpendorf (Franz 2011) 
are not identified as gentrifying, nonetheless 
exhibit rather high rent increases. However, 
transformation activities appear to be either 
low or modest, thus rent gaps might have 
been closed prior to the study period. The 
general notion of of outward-moving gentri-
fication dynamics is in line with findings by 
Musil et al.’s (2022).

Figure 3.  Bivariate map of Fisher Index and Index Gap; dark green indicates potential gentrification. 
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DISCUSSION AND CONCLUSION

This paper advocates for a greater reliance on 
supply-sided gentrification theories to empiri-
cally identify gentrification areas. As outcomes 
of applied studies are known to be sensitive to 
the underlying operationalization of gentrifi-
cation, theoretical justification is particularly 
important. While rent gaps, as one of the key 
concepts in gentrification theory, are inher-
ently hard to quantify when the arise, their clos-
ing implies measurable outcomes. Thus, I do 
not follow the likes of López-Morales (2011) in 
trying to directly measure the rent gap through 
proxy variables but aim to theoretically link the 
closing of rent gaps to more tangible outcomes 
in the local housing market. The proposed 
rent index approach should therefore not be 
mistaken for a measurement of ground rent 
changes which are at the heart of the rent gap 
theory. Instead, drawing on Bernt’s  (2022) 
discussion of the realization problem helps to 
conceptually relate rent gaps as the theoreti-
cal drivers of gentrification to the mechanisms 
through which gentrification is ultimately re-
alized. Given a certain mode of gentrification, 
these mechanisms then provide an opportu-
nity to obtain measurable implications of rent 
gap closings. While this line argumentation is 
utilized to develop a quantitative approach for 
identifying rental-sector gentrification; the rea-
soning is equality applicable to other context 
but would then necessitate a different set of 
measurements.

In the case of rental market gentrification, 
however, these measurable implications are 
identified as price-effective, qualitative trans-
formations and subsequent rent increases in a 
neighbourhood. Drawing on the housing price 
index literature allows to operationalize these 
dimensions. Based on the well-established 
hedonic price indices, the paper proposes a 
novel method for quantifying price-effective, 
qualitative transformation without relying on 
subjective judgements of what constitutes a 
quality upgrade or downgrade. A key strength 
of the methodology is its ability to both capture 
gentrification through (luxury-) renovations 
(Millard-Ball 2000) as well as strategies to cir-
cumvent price regulations (Hatz 2021) within 
a single index, given a properly specified re-
gression model. This is demonstrated for the 

case of the Viennese private rental market, 
where both aspects are considered potential 
drivers of gentrification by the literature (Kadi 
& Verlič 2019; Hatz 2021). Thereby, this paper 
provides novel evidence about the geography 
of rental-sector gentrification in the Viennese 
post-GFC context.

However, the proposed framework is not 
solely intended to analyse the Viennese case 
but also for applications beyond the Austrian 
capital. Given data availability, any setting 
where the mechanisms of rental-sector gentrifi-
cation laid out in Section “Gentrification, Rent 
Gaps and the Measurement Issue” are at play, 
could be investigated. This said, many contexts 
will not meet this criterion. These include 
among others, gentrification of informal hous-
ing which is particularly relevant in the global 
south (López-Morales  2015), or non-market 
gentrification through housing allocation 
mechanisms (Millard-Ball  2000). Since most 
cities have multiple housing market segments, 
the framework shall at least be applicable to a 
certain segment of the housing in most cases.

Another drawback of the methodology is its 
reliance on proper regression model specifica-
tion and estimation. Because a one-size-fits-all 
approach does not exist, modelling decisions 
were made based on three main factors. These 
are general recommendations based on the 
hedonic housing price  literature, a review of 
the literature on the specifics of the Viennese 
housing market and data-driven model selec-
tion. In this case, the hierarchical GAM frame-
work proposed by Pedersen et al. (2019) comes 
in handy because it allows for a lot of potential 
flexibility, but only if it is properly informed by 
the data available.

The Viennese case study also features sev-
eral limitations. First, the data set is rather 
noisy and does not guarantee that random 
sampling assumptions. Due to the nature of 
listing data, it can only measure changes in 
current market rates. Data covering the entire 
existing rental housing stock would be pre-
ferred but is currently not available. Although 
estimations based on listing data must be 
treated with caution, Kolbe et al. (2021) show 
that index construction is indeed their most 
useful application. Thus, mean indices were 
compared to data from the Austrian Economic 
Chamber as a robustness check and found to 
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be within a similar range. Second, the choice 
of spatial unit is worth debating. Viennese 
subdistricts may be too diverse to be consid-
ered an ideal unit for measuring neighbour-
hood transformations. However, the choice 
of the spatial unit reflects a trade-off between 
aiming for the smallest scale possible and the 
number of observations available to produce 
reliable estimates.

Finally, identifying potential gentrification 
areas in this paper is rather haphazard. One 
can argue that the identification should be 
based on absolute values rather than rela-
tive border. However, what constitutes a high 
level of rent growth or qualitative transfor-
mation is always contextual. Regardless, the 
bivariate mapping approach should serve 
as a proof of concept. One may even argue 
for a continuous instead of a dichotomic 
understanding of gentrification. In this in-
stance, the proposed indices and their spa-
tial patterns can be conveniently interpreted 
without introducing further delimitations. 
Furthermore, the taken approach is not 
able to verify whether gentrification is tak-
ing place as it does not measure the implied 
change in land-users. Nonetheless, focusing 
on the real estate dimension rather than in-
corporating the subsequent changes to the 
socio-economic geography into the identifi-
cation strategy comes with major advantages. 
It is, first, closer to the general idea of supply 
sided gentrification theories, where dynamics 
arise from and are driven by the real estate 
sector. It further enables to empirically test 
the assumed relationship between gentrifi-
cation drivers and displacement outcomes 
in a quasi-experimental spirit (e.g., Freeman 
et al. 2016), however, in a more theoretically 
grounded way. At the same time, it also allows 
to capture cases where gentrification has neg-
ative impacts but does not lead to direct- but 
other forms of displacement (Marcuse 1986).
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Endnote

1	Note that the price regulated smooths only go up to 
130 m2 corresponding to the applicability of the 
rent cap.
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