
Vol.:(0123456789)

Empirical Economics (2022) 62:2023–2055
https://doi.org/10.1007/s00181-021-02080-w

1 3

Testing for overall and cluster convergence of housing rents 
using robust methodology: evidence from Polish provincial 
capitals

Mateusz Tomal1 

Received: 8 February 2021 / Accepted: 22 May 2021 / Published online: 6 June 2021 
© The Author(s) 2021

Abstract
The aim of this paper is to test for overall and cluster convergence of housing rents 
across Polish provincial capitals and to identify drivers of convergence club forma-
tion. In order to achieve the goal of the study, several novel convergence tests were 
used, including the Kong et  al. (J Econom 209:185–207, 2019. https:// doi. org/ 10. 
1016/j. jecon om. 2018. 12. 022) and Phillips and Sul (Econometrica 75:1771–1855, 
2007. https:// doi. org/ 10. 1111/j. 1468- 0262. 2007. 00811.x) approaches. Moreover, 
club convergence analysis was carried out in four different configurations, varying in 
the technique of trend component extraction from the data. In particular, three well-
known methods of time series decomposition were used, i.e. the Hodrick–Prescott, 
Butterworth and Christiano–Fitzgerald filters, as well as the most recent boosted 
Hodrick–Prescott filter. The results indicated that rental prices across the studied 
cities do not share a common path in the long run. It is possible, however, to iden-
tify convergence clubs where rents are moving towards a club-specific steady state. 
Detailed analysis of the structure of estimated clusters showed that data filtering 
using the boosted Hodrick–Prescott method leads to the most reliable allocation of 
cities to convergence clubs. Moreover, the estimation of logit models revealed that 
the likelihood of any two cities belonging to the same convergence club depends 
mainly on similar levels in terms of the unemployment rate, housing stock, city area, 
and the number of students. Finally, recommendations for local and national pol-
icy-makers concerning the development of the rental market have been formulated, 
particularly in the areas of urban land-use planning policy, housing legislation and 
public–private partnerships.
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1 Introduction

Understanding price dynamics in the housing market is crucial both for private enti-
ties, such as real estate developers, but also for policy-makers, who can thus shape 
effective housing policies. The need for a proper understanding of the mechanisms 
of the housing market also stems from its huge impact on a country’s economy, as 
was recognised in the recent global financial crisis.

One aspect of housing market dynamics is the phenomenon of price convergence 
or divergence. In the literature, a number of arguments can be found for the possibil-
ity of the convergence of sales/rental prices between spatially separated residential 
markets. In particular, as Apergis et al. (2015) point out, price convergence may be 
a consequence of the so-called ripple effect, which postulates the easy transfer of 
price shocks between property markets, due to existing population, labour market 
and financial capital mobility. It should be stressed that the occurrence of the ripple 
effect in the housing market has been empirically confirmed by studies conducted by 
Tomal (2020a) and Brzezicka et al. (2019), among others.

Conversely, however, assets in the housing market are highly heterogeneous and 
immobile (Małkowska et  al. 2019), which may encourage price divergence. It is, 
therefore, difficult to expect that all local/regional housing markets in a given area 
will converge to a single equilibrium. A much more likely phenomenon is the occur-
rence of convergence clubs, i.e. the existence of several steady states to which prices 
are heading in the long term. The identification of price convergence clubs in the 
housing market is possible using a method developed by Phillips and Sul (2007, 
2009). The empirical research to date in this area is not very extensive, and to the 
best of the author’s knowledge only several such analyses have been developed. In 
particular, studies on the presence of convergence clubs in the residential market 
have been conducted in the USA (Kim and Rous 2012; Apergis and Payne 2012, 
2019, 2020; Montañés and Olmos 2013), China (Meng et al. 2015; Lin et al. 2015; 
Zhang et al. 2017; Hu et al. 2020), the UK (Montagnoli and Nagayasu 2015; Hol-
mes et al. 2019), Spain (Blanco et al. 2016), Australia (Awaworyi Churchill et al. 
2018), South Africa (Apergis et  al. 2015) and Poland (Matysiak and Olszewski 
2019; Tomal 2019a, 2020a). It should be noted that almost all of the above studies 
analysed the convergence of sales prices in the residential market. The only excep-
tion was a study conducted by Zhang et al. (2017), in which the authors undertook 
price-to-rent ratio modelling. On the basis of the above literature review, a very 
clear research gap can therefore be observed, i.e. there are no analyses concerning 
the identification of housing rental convergence clubs. In general, residential rents 
are extremely poorly examined in terms of convergence. One of the very few studies 
on the subject was carried out by Bilgin et al. (2010), who analysed the stochastic 
convergence of housing rents between cities in Turkey.

Such a significant omission of the rental market in the analyses of the conver-
gence phenomenon seems unjustified. This is due to the fact that it is the rental mar-
ket, compared to home-ownership, that is currently developing very fast all over the 
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world, in response to increasing property prices and the problem of affordability. In 
addition, as Czerniak and Rubaszek (2018) and Rubaszek and Rubio (2020) state, 
a well-developed rental market contributes to the reduction of fluctuations in the 
entire housing segment, as well as to macroeconomic stability. Therefore, the first 
objective of this article is to examine the processes of convergence of residential 
rents across Polish provincial capitals. This goal will be pursued in two stages. The 
first will assess the occurrence of overall convergence across the studied cities. In 
this case, four types of convergence will be examined, i.e. β-, σ-, stochastic and rela-
tive convergence. For the latter, the research method will be the Phillips and Sul 
(2007, 2009) approach, which will also be used in the second stage of the research 
aimed at testing for cluster convergence. The results of the study in the field of clus-
ter convergence will enable the identification of clubs, in which rents tend to move 
towards a club-specific steady state in the long term.

Given that long-term price behaviour is the subject of the study, it should be 
noted that the calculations using the methodology outlined by Phillips and Sul 
(2007, 2009) should not be based on raw time series data but on an extracted 
trend component. Surveys to date have analysed convergence in the housing mar-
ket based on only one selected filtration technique. The vast majority of papers 
are dominated by the Hodrick and Prescott (1997) filter, with the exception of a 
study conducted by Holmes et  al. (2019), who used the Hamilton (2018) filter. 
The second objective of this study was formulated on this basis and is to compare 
the club convergence analysis estimates obtained based on various time series fil-
tering techniques. In particular, the comparison will include an analysis of the 
structure of the estimated convergence clubs, as well as the dynamics of their 
establishment over subsequent 3-year periods. In addition, using a logit model, 
the drivers for the formation of the convergence clubs will be checked.

As mentioned above, currently, the rental market is becoming an extremely 
important part of the real estate sector and complementary to home-ownership in 
Poland as well (Tomal 2020b). It is, therefore, important to analyse the relation-
ship between sales and the rental housing market. Consequently, the third objec-
tive of this analysis is to compare the results of the identified convergence clubs 
in the rental market with those found in the sales market. The implementation of 
this goal is also important from the point of view of formulating potential recom-
mendations for policy-makers regarding the development of the residential rental 
market in Poland.

In summary, this article aims to answer the following research questions:

 Q1. Do residential rents across the surveyed rental markets converge to one steady 
state in the long term? If not, can convergence clubs be identified among the 
cities studied?

 Q2. In the case of absence of overall convergence in the Polish rental market, do 
club convergence analysis estimates differ depending on the time series filtering 
technique? Is the number of convergence clubs stable over time? Is the estimated 
structure of convergence clubs the same as in the case of the residential sales 
market?
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 Q3. In the case of absence of overall convergence in the Polish rental market, which 
factors drive the formation of the identified convergence clubs?

This study contributes to the existing literature in several ways. Firstly, this is 
the first paper that identifies convergence clubs in the residential rental market. Sec-
ondly, this work is unique because of the use of several different filtering methods 
to extract the trend component from the data. In particular, the Hodrick and Prescott 
(1997), Butterworth (1930), Christiano and Fitzgerald (2003) filters, as well as the 
very recently developed boosted Hodrick–Prescott filter developed by Phillips and 
Shi (2020) will be used. Finally, a completely new approach outlined by Kong et al. 
(2019) will be employed to assess the occurrence of σ-convergence.

The rest of the article is organised as follows. Section 2 describes the data and 
provides a detailed overview of the convergence test methods. Section  3 contains 
the results of the analysis and their discussion. The final Sect. 4 presents the main 
conclusions of the study, as well as recommendations for local and national policy-
makers concerning the development of the rental market, particularly in the areas of 
urban land-use planning policy, housing legislation and public–private partnerships.

2  Methodology and data

2.1  Data and study area

The data used in this study were obtained from the National Bank of Poland (https:// 
www. nbp. pl/). At the moment, this is the most detailed source of information on 
housing rents in Poland. It should also be emphasised that the analysed data concern 
only the secondary market, as the primary residential rental market in Poland practi-
cally does not exist.

The time series used in this study covers the period 2013q1–2019q1 and repre-
sents the average monthly nominal housing rent per square meter in each Polish pro-
vincial capital.1 Two cities, however, i.e. Opole and Bydgoszcz, were omitted from 
the study due to lack of data for the entire analysed time frame. Figure 1 presents 
the dynamics of rental prices in the surveyed cities, on the basis of which it can be 
concluded that, by far, the highest rents are in the Polish capital, i.e. Warsaw. Other 
cities, which differ significantly from the rest in terms of rental price levels, are Cra-
cow, Wroclaw and Gdansk.

1 As aptly noted by Ganioğlu and Seven (2021), the literature on overall and cluster convergence does 
not emphasise the difference between the use of house/rental prices in real or nominal terms. A simi-
lar view is also taken by Holmes et al. (2017). Therefore, this study prefers the use of nominal prices 
because they exhibit more spatiotemporal variation. Furthermore, this will allow to juxtapose the results 
obtained with the study carried out by Tomal (2019a) for the residential sales market, which was done 
on nominal prices. However, for comparison purposes, the whole convergence study was also carried out 
using real prices and the results obtained did not show significant differences to those presented in this 
paper. The estimates of this additional analysis are available upon request.

https://www.nbp.pl/
https://www.nbp.pl/
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It should be noted that Fig. 1 shows raw data, which have not been processed in any 
way. During convergence tests, a seasonally adjusted time series containing informa-
tion on housing rentals in natural log form will be used. In addition, in order to per-
form the convergence test using the log t regression method, a trend component will be 
extracted from the time series described above, which is detailed in the next subsection.

2.2  Testing for overall convergence

In order to examine the overall convergence of housing rents in Polish provincial capi-
tals, four research methods will be used to assess the occurrence of β-, σ-, stochastic, 
and relative convergence. In the context of this article, β-convergence assumes that cit-
ies with low residential rents at the beginning of the analysed period are, at the same 
time, characterised by a high average rental price growth rate. This type of convergence 
can be examined using the following equation:

where piT is the average rental price in city i(i = 1,… ,N) at time T(t = 1,… , T) , 
pi0 denotes the initial average housing rent in city i , � represents the constant 
term, �i is the error term, and � is the coefficient. If, following the estimation of 
the above model, the fitted slope coefficient ( 𝛽  ) is statistically significant and has 

(1)
ln
(

piT

pi0

)

T
= � + � ln pi0 + �i

Fig. 1  Temporal dynamics of average monthly housing rents (PLN/m2) in the cities
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a negative value, then the phenomenon of unconditional convergence between cit-
ies can be said to exist. Analysing convergence by means of Eq.  (1) examines its 
absolute version. If the above equation is supplemented by a set of covariates, con-
ditional convergence is tested. It should be noted, however, that β-convergence has 
several disadvantages. First of all, the fitted slope coefficient is biased due to the 
endogeneity problem (Bai et al. 2019). Secondly, Eq. (1) is cross-sectional and does 
not take into account price changes over time. Finally, β-convergence does not pro-
vide information on whether or not there is a process of price equalisation between 
locations. In order to assess the occurrence of the latter phenomenon, the concept of 
σ-convergence should be used. It should also be stressed that there is a relationship 
between β- and σ-convergence in the sense that the former is necessary for the latter 
to appear (Young et al. 2008).

Until now, there has been no robust econometric framework to study 
σ-convergence. Recently, however, Kong et  al. (2019) developed a very power-
ful tool for studying this type of convergence (hereinafter referred to as the KPS 
approach). This new methodology uses the following trend regression to verify the 
occurrence of σ-convergence:

where St =
1

N

∑N

i=1

�
ln pit − ln pt

�2

 and denotes the cross-sectional variance of log 
level rental prices at time t , lnpt is the cross-sectional mean of log level rental prices 
at time t , �t is the error term, and � represents the slope coefficient. In the KPS 
method, σ-convergence is present if the fitted slope coefficient �̂� is negative and sta-
tistically significant. The assessment of the significance of �̂� is based on a compari-
son of the estimated robust t-statistic 

(
t�̂�
)
 to a critical value of ± 1.65. In particular, 

if t�̂� < −1.65 there is convergence; however, if t�̂� > 1.65 , there is divergence. The 
advantage of the KPS approach is that it allows for: (1) misspecification of Eq. (2); 
and (2) serially correlated and heteroskedastic residuals. It should also be noted that 
for the empirical application of the method described above, the lag truncation 
parameter ( L ) should be determined.2 Following Kong et al. (2019), the calculations 
in this study will be made for L = {1, 3, 5, 7}.

Another type of convergence that will be examined in this article is the so-called 
stochastic convergence, which in a panel setting can be defined as (Próchniak and 
Witkowski 2016):

where It denotes the set of information at time t , while the rest of the markings are 
as above. In order to examine empirically whether there is stochastic convergence, 
the stationarity of the following time series should be checked:

(2)St = � + �t + �t

(3)lim
k→∞

(
lnpi,t+k − lnpt+k|It

)
= 0

2 The lag truncation parameter must be determined in order to estimate the t-statistic (and in particular 
the long-run variance) for the parameter � in Eq.  (2). More details are available in the paper by Kong 
et al. (2019).
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It should be stressed that in the data used in this article cross-sectional depend-
ence was identified using the Pesaran (2004) and Breusch and Pagan (1980) tests; 
therefore, the selected unit root test must be resistant to this type of phenomenon. 
On this basis, this study will apply the cross-sectionally augmented DF (CADF) test 
outlined by Pesaran (2007a). The idea of the above method is to extend the DF test 
with a cross-sectional average of: (1) the variable defined above with a time lag of 
one period, as well as (2) its first difference. Taking this into account, the CADF 
regression3 in the context of this article is as follows:

where �i , �i , �i are parameters to be estimated for each studied city separately. Test-
ing for the unit root consists in checking the statistical significance of the fitted 
parameter for a lagged variable. In particular, if the estimated t-statistic for �̂�i ( tp̂i
—known also as  CADFi) is less than the critical value, the unit root hypothesis is 
rejected, which means that stochastic convergence takes place. Using the calculated 
values of  CADFi, it is also possible to check the panel stationarity as a whole. For 
this purpose, the CIPS (cross-sectionally augmented Im, Pesaran and Shin) statistic, 
as an arithmetic mean of  CADFi, must be calculated. Critical values for the CADF 
and CIPS tests are presented for the different significance levels in Pesaran (2007a). 
It should also be noted that Eq. (5) is able to indicate whether there is a process of 
equalisation of rental prices between a given city and the Polish average to a con-
stant value or to zero. For the latter to occur, both the estimated t-statistic for �̂�i 
must be less than the critical value and the fitted parameter �̂�i must be statistically 
insignificant.

Finally, the concept of relative convergence introduced by Phillips and Sul (2007, 
2009) will also be used to assess overall convergence in this study. Generally speak-
ing, the two time series converge relatively over time if their ratio is heading towards 
unity in the long term. The approach outlined by Phillips and Sul (2007, 2009) 
(hereinafter referred to as the PS approach) is widely used in practice due to its 
advantages. First of all, the PS approach takes into account the heterogeneity of the 
examined units and its change over time. Secondly, the method does not depend on 
assumptions regarding trend stability or stochastic non-stationarity in the panel com-
mon component. Thirdly, this method overcomes the problem of the biased conver-
gence parameter appearing at β-convergence. Fourthly, the PS approach is treated as 
an asymptotic cointegration test without suffering from the small sample problems.4 

(4)yit = lnpit − lnpt = ln

(
pit

pt

)

(5)Δyit = �i + �iyi,t−1 + �iyt−1 + �iΔyt + �it

3 Following Carvalho and Harvey (2005) a time trend is not included in the CADF regression because it 
is inconsistent with a convergence model and it makes ADF-based tests less powerful.
4 Phillips and Sul (2007) proved by simulation that the size distortion in the case of small T (especially 
when T = 10 ) occurs only when the convergence rate parameter � is close to zero. Moreover, the distor-
tion disappears very quickly when T or � increases. A simulation by Phillips and Sul (2007) also showed 
that the proposed convergence test is characterised by high power for small samples (the exception being 
the case when T = 10 ). Du (2017) performed additional simulations to test the effectiveness of the clus-
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Fifthly, the analysis is based on a general form of a nonlinear time-varying factor 
model. Finally, in the absence of overall convergence between the units analysed, 
the PS approach allows the identification of convergence clubs (Apergis and Cooray 
2014).

The starting point of the relative convergence examination using the PS approach 
in the context of this study is the following decomposition of the panel of average 
rental prices:

where �it is the changing over time idiosyncratic component measuring the relative 
share of city i at time t in �t , i.e. in a common trend component. Further, �it can be 
modelled in a semiparametric form as:

where �it ∼ iid(0, 1) across i , � is a parameter indicating the speed of convergence, �i 
is a scale parameter, log (t) denotes a slowly varying function, and �i is fixed. On this 
basis, the null hypothesis of convergence can be presented as follows:

whereas the alternative hypothesis of divergence is:

The first stage for the empirical verification of the hypotheses set out above is to 
estimate the cross-sectional variance according to the following formula:

where hit is the transition path of city i at time t, which represents the ratio of log 
level rental price in city i and panel average at time t. In case hit → 1 for all i, as 
t → ∞ , or when Ht → 0 , as t → ∞ , there is a convergence process. The next stage 
of the convergence study according to the PS approach is the estimation of the so-
called log t regression, which is given by formula5:

(6)lnpit = �it�t

(7)�it = �i + �i�it log (t)
−1t−�

(8)
H0 ∶ �i = � and � ≥ 0 for convergence in rates

H0 ∶ �i = � and � ≥ 1 for convergence in levels

(9)HA ∶ 𝛿i ≠ 𝛿 for all i or 𝛼 < 0

(10)Ht =
1

N

N�

i=1

�
hit − 1

�2
, hit =

ln pit

N−1
∑N

i=1
ln pit

5 Derivation of the log t regression equation from the factor model presented in Eq.  (6) and the sem-
iparametric representation in Eq. (7) is discussed in detail in Appendix B of the Phillips and Sul (2007) 
paper.

Footnote 4 (continued)
tering algorithm proposed by Phillips and Sul (2007). In general, the results obtained indicated that the 
false discovery rate is acceptable, even for small samples, i.e. when T = 20 . Considering the above, the 
PS approach is a suitable tool for overall and cluster convergence analysis for short time series analysis.
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where t = [rT], [rT] + 1,… , T  for r ∈ [0.2, 0.3] and b is the regression parameter. 
In particular, if b̂ is significantly smaller than zero, there is a process of divergence, 
i.e. all cities do not share a common trend in the long run. Conversely, in the case of 
b̂ ≥ 2 , there is a convergence in levels, which means that the rental prices from the 
surveyed cities aim at one common value. Finally, if 2 > b̂ ≥ 0 , there is growth con-
vergence, which indicates that housing rent growth rates across cities tend to con-
verge. The significance of parameter b̂ in the PS approach is usually assessed at a 
level of 0.05, for which the critical value is − 1.65. An important element of the log 
t regression is also the selection of the sample fraction (r) to be excluded from the 
estimation. For a short time series, i.e. when T ≤ 50 , the setting r = 0.3 is suggested 
(Phillips and Sul 2007).6

In the context of the analysis of rental price convergence before applying the PS 
approach, the cycle component should be removed from each time series because it 
improves the finite sample power and size of the test (Phillips and Sul 2007). When 
the subject of the analysis is a raw rental price time series, Eq. (6) concerning panel 
data decomposition is as follows:

where �it is a business cycle component for city i at time t.
In this article, four filtering techniques were used to extract the trend component 

from the data. The first is the well-known Hodrick and Prescott (HP) (1997) filter, 
for which, due to the quarterly nature of the data, a tuning parameter ( � ) equal to 
1600 was set. The above filter, however, has been criticised in recent years, among 
other things because of the problem of selecting the optimal value of the � param-
eter, which has a significant impact on the result of the filtration. As noted by Phil-
lips and Shi (2020), if � is too large, the HP fitted trend creates a residual trend, 
which pollutes the cyclical component. If � is too small, however, the fitted trend is 
too flexible and imitates short-term fluctuations. Therefore, Phillips and Shi (2020) 
developed a modification of the standard HP filter, which they called boosted HP 
filter. This method is based on checking whether the cyclical component contains 
elements of the trend after using the standard HP filter. If so, the HP filter is reap-
plied to it to remove leftover trend residuals. When a new cyclic component is also 
characterised by trending behaviour, the whole process is repeated and continues 
until the trend elements are completely removed. As a criterion for stopping the iter-
ation process, the ADF test can be used, which examines after which time the cyclic 
component is stationary (assumed significance level 0.05). In addition to the HP and 
boosted HP methods, the Butterworth (1930) and Christiano and Fitzgerald (CF) 
(2003) filters were used in this study.

(11)log

(
H1

Ht

)
− 2 log (log (t)) = a + b log (t) + �t

(12)lnpit = �it�t + �it

6 According to a simulation by Phillips and Sul (2007) the setting for small samples of r = 0.3 is the best 
choice, as this allows both to secure size accuracy in the test and also does not reduce its power exces-
sively.
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2.3  Testing for cluster convergence

It should be noted that in the absence of overall convergence across the studied cit-
ies, it is possible to identify so-called convergence clubs, in which the rental prices 
of members of a given cluster head towards a club-specific steady state. The PS 
approach described above will be used to assess the occurrence of convergence 
clubs.7 Under this method, the identification of city clusters takes place in the fol-
lowing steps (Du 2017):

1. arranging the cities in the panel in decreasing order according to housing rents in 
the last period;

2. forming a core group of cities k∗ on the basis of the log t test maximising tk , 
subject to tk > −1.65 , starting with the k highest individuals in the panel, where 
N > k ≥ 2;

3. adding one city to the core group formation at a time and running the log t regres-
sion. If the obtained t-statistic is above the critical value (c) equal to 0 (for small 
T), include the city in the core group. Repeat this procedure for the rest of the 
cities. At the end, run the log t test for the extended core group of cities and make 
sure that the calculated t-statistic is greater than − 1.65. If so, the first convergence 
club is created. If not, repeat step 3 but firstly raise the critical value c;

4. for the remaining cities, forming a potential new convergence club and running 
the log t regression. If the obtained t-statistic is above − 1.65, end the whole clus-
tering procedure. Otherwise, repeat steps 1–3 to check if the remaining subgroup 
of cities can be further subdivided into convergence clubs;

5. running a club merging procedure to check if the convergence clubs created in 
steps 1–4 can be combined. In this paper, the club merging will be conducted 
subsequently. According to this approach, the log t test is run for all subsequent 
pairs of the initial clubs. If the calculated t-statistic for a pair indicates that there 
is a convergence, merge the clubs from this pair into one club.

3  Results

3.1  Overall convergence estimates

The first stage of the empirical study was the assessment of overall convergence 
based on the β-convergence concept. The results of Eq. (1) revealed a negative slope 
coefficient value ( 𝛽 = − 0.0059 ). The convergence parameter, however, did not 
turn out to be significant even at the 0.10 level. Therefore, taking into account the 
whole panel, it is not possible to identify the occurrence of a phenomenon in which 

7 There are other methods available in the literature for identifying convergence clubs, which in particu-
lar are based on the concept of stochastic convergence (see, for example, Hobijn and Franses 2000; Cor-
rado et al. 2005; Pesaran 2007b). However, as Apergis and Payne (2017) the PS approach outperforms 
club convergence methods using unit root or cointegration tests.



2033

1 3

Testing for overall and cluster convergence of housing rents…

cities with low initial rental prices are simultaneously characterised by high average 
growth rate over the analysed period. Detailed estimates of the β-convergence test 
are presented in Fig. 2, from which it can be concluded that lack of β-convergence 
is mainly caused by cities such as Katowice and Wroclaw, which are characterised 
by a very similar initial price but a diametrically different growth rate. Figure 2 also 
provides the information that, for the surveyed cities, the average rental price growth 
rate ranges from approx. 0.2% to almost 2% in the case of the city of Lodz, which at 
the same time has almost the lowest initial rental price level.

Then, the occurrence of σ-convergence was checked using the KPS approach. 
Estimates obtained using the above-mentioned method, similarly to β-convergence, 
indicated the lack of σ-convergence in the examined period (Table 1). This means 
that rental prices across the studied cities do not show a tendency to equalise. 
When analysing the cross-sectional variance of housing rents in Fig.  3, however, 
it can be seen that from the second quarter of 2016, the variance of rental prices 

Fig. 2  Visualisation of β-convergence test estimates

Table 1  The KPS test results for σ-convergence

*Significant at 0.05 level

Period �̂� t�̂�(1) t�̂�(3) t�̂�(5) t�̂�(7) Conclusion

Whole: 2013q1–2019q1 0.00036* 2.34 2.05 1.93 1.85 Divergence
First 3 years: 2013q1–2016q1 0.00132* 6.94 8.73 12.67 11.73 Divergence
Last 3 years: 2016q2–2019q1 − 0.00065* − 1.91 − 1.90 − 2.06 − 2.22 Convergence
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is decreasing. Therefore, the σ-convergence study was also conducted in two sub-
periods: (1) 2013q1–2016q1; and (2) 2016q2–2019q1. The results showed that for 
the first 3 years there is a process of quite strong divergence, while for the second 
sub-period a convergence of rental prices can be observed (independently of the 
lag truncation parameter). Such a result may be related to the housing sales prices, 
which by 2016 were stagnant or slightly increasing, but after that time began to grow 
dramatically. This may have resulted in an increased demand for renting in relation 
to home-ownership, which could have accelerated the convergence process, as rent 
is a much more flexible form of housing and, therefore, prices can be "transferred" 
much quicker between locations.

Another surveyed type of convergence in the Polish residential rental market 
was stochastic convergence. The results of this analysis are presented in Table  2. 
In particular, the CADF unit root test estimates indicate that only four out of the 14 
examined cities stochastically converge to the average rental price in Poland. Moreo-
ver, the verification of the statistical significance of parameter �̂�i shows that rental 
prices in Katowice and Lodz are heading towards exactly the same level as the panel 
average. Conversely, between rents in Cracow and Bialystok and the Polish average 
rental price, there is a convergence to nonzero constant (positive for Cracow and 
negative for Bialystok).

The final method to study the overall convergence of housing rents across Pol-
ish provincial capitals was the log t regression. As with previous tests, the results 
obtained with the PS approach also indicated that the residential rental markets sur-
veyed do not share the common trend in the long term, as shown by the tb̂ values, 
which regardless of the data filtering method, are well below the critical value of 

Fig. 3  Visualisation of σ-convergence test estimates
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− 1.65 (Table 3). Moreover, on the basis of transition paths analysis (Fig. 4a–d), a 
very strong heterogeneity can be observed among the analysed cities both in the 
cross-sectional and temporal dimensions. In particular, in the case of data filtering 
with the help of the HP, boosted HP and Butterworth filters, until 2016, it is clear 
that rental prices tend to diverge. In contrast, in the subsequent period, transition 
paths are beginning to strive for unity. Similarly, the cross-sectional variance marked 
in Fig.  4a–d also decreases from 2016 onwards, which confirms the convergence 
phenomenon. It should be noted that the above conclusions are consistent with those 
drawn from the KPS test. Furthermore, it can be noted that filtering time series of 
rental prices using the CF method largely fails to get rid of the cyclical component, 
which may be due to the fact that this filter is optimal only for data that are gen-
erated by pure random walk, while for other time series describing, for example, 

Table 2  Estimates of stochastic convergence using the CIPS and CADF unit root tests

The convergence benchmark is the average rental price in Poland
N/A not applicable
*Significant at 0.05 level
‡ Represents the CIPS test statistics value

City �̂�i ĈADFi
�̂�i Conclusion

Bialystok − 1.0354* − 4.7882 − 0.1582* Convergence to a nonzero constant
Katowice − 0.9112* − 4.9631 − 0.0133 Convergence to zero
Kielce − 0.3014 − 2.2895 − 0.0870 Divergence
Cracow − 0.9873* − 4.4287 0.1603* Convergence to a nonzero constant
Lublin − 0.3115 − 1.4674 0.0168 Divergence
Lodz − 0.6384* − 3.0928 − 0.0740 Convergence to zero
Olsztyn − 0.1185 − 1.0625 − 0.0303 Divergence
Poznan − 0.5631 − 2.6409 0.0433 Divergence
Rzeszow − 0.5322 − 2.5416 − 0.0353 Divergence
Szczecin − 0.2707 − 1.5828 − 0.0069 Divergence
Gdansk − 0.1403 − 1.1984 0.0333 Divergence
Warsaw − 0.4170 − 2.0336 0.2077 Divergence
Wroclaw − 0.2541 − 1.7137 0.0491 Divergence
Zielona Gora − 0.3159 − 1.6566 − 0.1059 Divergence
Whole panel N/A − 2.5329*‡ N/A Some time series in the panel are stationary

Table 3  Log t regression test 
estimates for the whole sample 
depending on the filtering 
technique used to extract the 
trend component of time series

*Significant at 0.05 level

Filter b̂ tb̂ Conclusion

Hodrick–Prescott − 0.7269* − 35.2626 Divergence
boosted Hodrick–Prescott − 0.5338* − 10.7015 Divergence
Butterworth − 0.6692* − 22.4372 Divergence
Christiano–Fitzgerald − 0.5719* − 8.7975 Divergence
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inflation, interest rates or unemployment this method is nearly optimal8 (Christiano 
and Fitzgerald 2003).

It should be stressed that according to the log t test, overall convergence of rental 
prices does not exist for different test periods as well. In particular, Fig. 5 presents 
t-statistics of the log t regression for subsequent 3-year periods. It can be seen that 
all lines in Fig. 5 are significantly below the critical value. It can only be pointed out 
that the t-statistic estimates dynamics is very similar for data filtration according to 
the HP and Butterworth filters.9

Summarising the overall convergence analysis, it should be stressed that all 
research methods used in this study rejected the possibility of its occurrence across 
the Polish residential rental markets, which is in line with other analyses studying 
convergence or differentiation in the Polish real estate market; see, for example, 

Fig. 4  Transition paths and cross-sectional variance for the cities calculated based on the trend compo-
nent of time series extracted using a the Hodrick–Prescott filter, b the boosted Hodrick–Prescott filter, c 
the Butterworth filter and d the Christiano–Fitzgerald filter

8 For more on the disadvantages of the CF filter, see the work by Iacobucci and Noullez (2005).
9 The correlation coefficient between the t-statistics obtained on the basis of the data filtered using the 
HP and Butterworth methods is 0.98 and is statistically significant. For the other estimates, the correla-
tion coefficients oscillate between 0.46 and 0.55 and are also statistically significant.
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Żelazowski (2019), Gnat (2016), Dittmann (2014), Wiśniewski and Brzezicka 
(2020), Tomal (2019a), Tomal and Gumieniak (2020).

It seems that lack of overall convergence in the rental market is to be expected. 
Firstly, as mentioned earlier, housing goods are heterogeneous and immobile. More-
over, lack of convergence of rental prices among Polish cities results also from the 
exceptionally uneven and poorly developed rental market in Poland. In particular, 
according to Eurostat (2020) and OECD (2020), the share of households renting on 
market terms hovers around 5%, and most of the supply of housing on the rental 
market is offered in Cracow, Warsaw, Wroclaw and Gdansk. In addition, prices on 
the long-term rental market in Poland are very much distorted by short-term rentals, 
which until now have not been regulated to any extent. Moreover, the rental mar-
ket in Polish cities is influenced by the number of students, which causes the num-
ber of units for long-term rent to decrease. In addition, the so-called institutional 
housing lease market, which is very well developed in other European countries, is 
hardly functioning in Poland. The specificity of the Polish residential rental market 
described above fully justifies the lack of overall convergence and, also, gives rise 
to the assumption that individual cities may form convergence clubs where rental 
prices are heading towards a club-specific steady state.

3.2  Cluster convergence estimates

Table 4 presents preliminary results of the allocation of the examined cities to con-
vergence clubs. In the case of data filtering with the HP and Butterworth filters, the 

Fig. 5  The value of the t-statistic from the log t regression estimates in subsequent 3-year periods 
depending on the data filtering method
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divergent cases are also visible where rental prices tend to move towards a city-
specific steady state. When analysing in detail the division of the surveyed cities 

Table 4  Club convergence analysis estimates: initial classification

Cities in the group are divergent cases and do not share a common path in the long run
N/A not applicable
*Significant at 0.05 level

City Initial club classification depending on filtering method

Hodrick–Prescott Boosted 
Hodrick–
Prescott

Butterworth Christiano–Fitzgerald

Bialystok Club 3 Club 3 Group Club 3
Katowice Club 2 Club 2 Club 2 Club 3
Kielce Group Club 4 Group Club 4
Cracow Group Club 1 Group Club 2
Lublin Club 2 Club 2 Club 2 Club 3
Lodz Club 3 Club 3 Group Club 3
Olsztyn Group Club 4 Group Club 4
Poznan Club 2 Club 2 Club 2 Club 2
Rzeszow Club 3 Club 2 Club 2 Club 3
Szczecin Club 2 Club 2 Club 2 Club 2
Gdansk Club 1 Club 1 Club 1 Club 1
Warsaw Club 1 Club 1 Club 1 Club 1
Wroclaw Club 1 Club 1 Club 1 Club 1
Zielona Gora Club 2 Club 1 Club 2 Club 2
Log t regression estimates

b̂(club1) 0.2619 0.0256 0.2971 0.2282

b̂(club2) 0.3021 0.1649 0.4478 0.1885

b̂(club3) 0.0023 − 0.3443 N/A 0.4713

b̂(club4) N/A 0.5744 N/A 1.1103

b̂(group) − 1.0897* N/A − 0.9799* N/A

tb̂(club1) 4.1886 0.3659 4.2038 2.8123
tb̂(club2) 3.7982 0.6794 4.4013 1.0348
tb̂(club3) 0.0612 − 0.1286 N/A 1.0841
tb̂(club4) N/A 2.4532 N/A 1.2548
tb̂(group) − 56.9367 N/A − 33.8944 N/A
Club merging test estimates

b̂(clubs ∶ 1 + 2) − 0.4213* − 0.2139* − 0.4055* − 0.2164*

b̂(clubs ∶ 2 + 3) 0.1272 − 0.4555* N/A 0.1633

b̂(clubs ∶ 3 + 4) N/A − 0.7849* N/A − 0.5475*

tb̂(clubs ∶ 1 + 2) − 12.4733 − 3.5267 − 9.6475 − 2.2428
tb̂(clubs ∶ 2 + 3) 1.9349 − 1.7037 N/A 0.8004
tb̂(clubs ∶ 3 + 4) N/A − 5.4025 N/A − 3.2706
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into clusters, it can be observed that in the case of cities such as Gdansk, Wroclaw, 
Warsaw, Szczecin and Poznan there are no differences between club clustering pro-
cedure estimates. For the remaining cities, depending on the filter used, we can see 
quite a significant variation in terms of belonging to a convergence club.

After the initial assignment of cities to convergence clubs, it was checked whether 
some city clusters could be merged. In particular, as shown in Table 4, this is only 
possible for the initial clubs 2 and 3 ( tb̂ > − 1.65 ) when data are filtered with the HP 
and CF filters. After the merging procedure, the final classification of cities to con-
vergence clubs is presented in Table 5. The final results of the cluster convergence 
analysis reveal that for eight out of the 14 examined cities, i.e. Wroclaw, Warsaw, 
Gdansk, Szczecin, Rzeszow, Poznan, Lublin and Katowice, the obtained allocation 
does not change depending on the data filtering method. To the contrary, small dif-
ferences in assignment are observed for the city of Zielona Gora. For the rest of the 
cities, there are quite large discrepancies in terms of club membership. Furthermore, 
from Table 5 it can be concluded that the most similar club convergence analysis 
estimates are observed when applying the HP, Butterworth and CF filters (9–12 
compatible matches). The results of the cluster procedure based on the boosted HP 
filter, however, are only in line with those obtained from other data filtering methods 
in the case of eight cities. Moreover, this filter makes by far for the largest fragmen-
tation of the Polish rental market by creating as many as four convergence clubs. 
Cluster convergence estimates obtained from data extraction with the boosted HP 
filter, however, seem by far to be the most reliable. In particular, only in this case 
is the city of Cracow assigned to club 1, which would be expected, as Cracow has 
the second largest residential rental market in Poland after Warsaw. Moreover, cre-
ated clubs 3 and 4 seem to be exceptionally accurate, which is confirmed in Fig. 2, 
showing that rental prices in these cities are very similar in terms of initial rent and 
its growth rate. It should also be stressed that all identified convergence clubs are 
characterised only by convergence in rates, i.e. the cities in individual clubs do not 
tend to reach a certain price level, but share a common growth path in the long term.

Finally, Table 5 provides the information that the convergence processes in the 
rental market, compared to those in the sales secondary housing market, differ quite 
significantly. This may be due, as already mentioned above, to the very underdevel-
oped nature of the long-term residential rental market in Poland, which is addition-
ally very much destabilised by short-term housing rents.

The geographical diversity of convergence clubs and divergent cases on the 
Polish residential rental market is very interesting. In particular, as can be seen in 
Fig. 6a–d, the allocation of individual cities to convergence clubs does not depend 
on their location. For example, cities included in the first clubs are located in oppo-
site parts of Poland. On this basis, it can be concluded that spatial factors may not 
play a major role in the formation of convergence clubs.

Another aspect worth examining during the cluster convergence analysis is transi-
tion paths for the clubs. As can be seen in Fig. 7, the identified clubs are unlikely to 
have a trend towards convergence. The only exceptions are the transition paths for 
clubs 2 and 3 in the case of data filtering with the boosted HP filter, where it can be 
assumed that in the following years these clubs may be merged and create a new city 
cluster.
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Fig. 6  Spatial distribution of convergence clubs: in the Polish rental housing market identified based on 
the trend component of time series extracted using a the Hodrick–Prescott filter, b the boosted Hodrick–
Prescott filter, c the Butterworth filter and d the Christiano–Fitzgerald filter; e in the Polish sales second-
ary housing market according to estimates by Tomal (2019a, b)
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Finally, a dynamic club convergence analysis revealed that there was a slight 
decrease in the number of steady states in the surveyed lease market over the sub-
sequent 3-year periods (Fig.  8). Furthermore, it can be seen that the time series 
obtained from the HP and Butterworth filters produce a very consistent number of 
steady states in the examined periods, which fluctuates around ten. The situation is 
also similar for the boosted HP and CF filters, but the number of long-term equilib-
ria hovers around six.10 It can also be concluded from Fig. 8 that using the boosted 
HP filter, the changes in the number of steady states in the subsequent 3-year peri-
ods are the highest compared to other filters. The latter result may indicate that the 
boosted HP filter best reflects the dynamics of change in the real estate market in 
question, which is undoubtedly a great advantage when analysing rental or sales 
prices.

Fig. 7  Transition paths for the clubs calculated based on the trend component of time series extracted 
using a the Hodrick–Prescott filter, b the boosted Hodrick–Prescott filter, c the Butterworth filter and d 
the Christiano–Fitzgerald filter

10 When analysing the dynamics of change in the number of steady states, similar to the estimated t-sta-
tistics presented in Fig. 5, the highest correlation is between the results obtained based on the trend com-
ponents extracted using the HP and Butterworth filters. In this case, the correlation coefficient is equal to 
0.63. For remaining estimates, the correlation coefficients range from 0.11 to 0.38.
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Summarising the results of cluster convergence testing on the Polish residential 
rental market, one can state that this market is highly fragmented, and the estimates 
obtained vary depending on the data filtering method. In particular, the club conver-
gence analyses based on the trend components extracted using the HP, Butterworth 
and CF filters produce quite similar results (between 9 and 12 matches out of 14 cit-
ies in the whole analysed period). On the other hand, substantially different from the 
others, the estimates obtained from data filtered using the boosted HP method seem 
to be the most reliable.

3.3  Robustness of cluster convergence estimates

In order to test the robustness of the results obtained in club convergence analysis, 
the approach outlined by Blanco et al. (2016) was applied. Specifically, it involves 
testing for the presence of stochastic convergence in the estimated convergence 
clubs. In other words, for each city in a given club, it is checked whether rental prices 
stochastically converge to the club average. Given that the speed of convergence in 
the defined clubs using the PS approach is small (for all cases b̂ < 2 ) and indicates 
convergence in growth rates, this robustness test will be performed in two specifi-
cations. The first one examines the stationarity of the variable yitc = lnpitc − lnptc 
where lnpitc denotes the log level rental price in city i from club c at time t while 
lnptc refers to the average log level rental price at time t in club c . The stationarity 
analysis of yitc allows to check whether rental price differentials between a given 
city and the club average tend towards zero or a nonzero constant. In the second 

Fig. 8  Number of steady states (convergence clubs plus divergent cases) in subsequent 3-year periods 
depending on the data filtering method



2045

1 3

Testing for overall and cluster convergence of housing rents…

robustness specification, a time series of the form Δyitc11 is analysed to test whether 
growth rates are converging over time among members of a given convergence club. 
In the framework of Eq. (5) convergence in growth rates occurs when the estimated 
t-statistic for �̂�i is less than the critical value and simultaneously the fitted parameter 
�̂�i is statistically insignificant.

Table 6 presents the results of the robustness tests conducted. Based on them, it 
can be concluded that there is no absolute price convergence in the identified con-
vergence clubs, which is in line with the generated values of the parameter b under 
the PS approach. Moreover, the test of stationarity of the variable Δyitc mostly con-
firmed the results obtained in the PS analysis showing convergence in the rates of 
change of rental prices. However, some differences can also be identified between 
the estimates generated by the PS approach and those by this robustness test. How-
ever, this applies only to the clustering based on the trend components obtained 
through the HP and Butterworth filters. For example, when analysing the estimates 
in Table 5 it can be seen that the cities of Kielce and Olsztyn are divergent units and 
are not part of any convergence club. However, the clusterings based on data filtered 
using the boosted HP and CF methods indicate that rental prices in the above-men-
tioned urban agglomerations form their own two-element convergence club. This 
fact has been confirmed by the robustness test carried out, which revealed that the 
growth rates of rental prices are equalising between these cities (see Table 6).

The robustness tests carried out, however, did not indicate which clustering is 
definitely the most reliable, i.e. whether the one obtained on the basis of data filtered 
with the boosted HP method or the one where the CF filter was applied. Therefore, 
in order to finally determine the most accurate division, the following formula was 
used12:

where Nc denotes the number of cities in a convergence club c , while ||Δyitc|| should 
be interpreted as the absolute value of the difference between the growth rate in the 
city i from club c at time t and the average growth rate in club c at time t . The lower 
the CP value, the smaller, on average, the difference between the rental price growth 
rates in the cities and the average values in the clubs to which these cities belong, 
and consequently the estimated clubs are characterised by greater homogeneity.

The results indicated that the most accurate clustering was obtained by the PS 
approach, in which the boosted HP filter was used to extract the trend components 

(13)CP =

∑C

c=1

∑Nc

i=1

∑T

t=1
��Δyitc��

(T − 1)
∑C

c=1
Nc

11 The expression  Δyitc can also be written as ln
(

pitc

pitc−1

)
− ln

(
ptc

ptc−1

)
 which is equivalent to the difference 

between the growth rate in the city i from club c at time t and the average growth rate in club c at time t. 
It should be stressed that the study of the equalization of growth rates by means of stochastic conver-
gence is not frequent, however, it is nevertheless possible to present here some works (see, for example, 
Kočenda, 2001).
12 The conceptualised CP indicator is only applicable if convergence in growth rates takes place in the 
estimated clubs.
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of the time series. In particular, for this partitioning, the CP value was 0.0324, while 
for the clustering obtained when filtering the data with the CF method it was already 
0.0339.13 Taking into account the robustness tests carried out and the results pre-
sented in Sect. 3.2, it should be concluded that the most reliable assignment of the 
examined cities to convergence clubs was proposed by the PS analysis, which used 
the trend components extracted using the boosted HP filter.

3.4  What drives club convergence formation in the Polish rental housing market?

In order to check which factors, drive the formation of convergence clubs in the Pol-
ish residential rental market, a logit model was used, in which the dependent vari-
able takes the value of 1 if two cities from a pair are in the same club, and 0 other-
wise. It should be noted that in the case of the dependent variable defined in this 
way, the number of observations is 91 in the model, as the number of unique city 
pairs created is equal to N(N−1)

2
=

14(14−1)

2
= 91.

When examining aggregated prices in the housing market, as in this article, the 
explanatory variables are usually selected in the context of their impact on hous-
ing supply and demand. In terms of demand, the price determinants analysed are 
usually of demographic, economic and social nature. Conversely, supply variables 
describe, among others, the size of the housing stock. In this study, in order to select 
the covariates that may influence the formation of housing rental convergence clubs, 
the current scientific literature has been analysed, in which meso- and macro-deter-
minants of sales housing prices on the Polish real estate market have been examined. 
Unfortunately, there are no empirical analyses explaining housing rental prices in 
Poland. Some studies, however, can be found at the micro-level, which concern ten-
ants’ preferences on local rental markets (see, for example, Gawlik et al. 2017).

The literature review indicated that the key predictors on the demand and supply 
side may be variables describing the level of unemployment (Leszczyński and Olsze-
wski 2017; Tomal 2019a, b, 2021; Cellmer et al. 2020), wages (Cellmer et al. 2020), 
housing stock (Kokot 2018; Matysiak and Olszewski 2019; Tomal 2019b), popu-
lation size and density (Tomal 2019a), city area (Tomal 2019a) and sense of secu-
rity (Źróbek et  al. 2015). The list of explanatory variables was supplemented with 
additional covariates characterising the specificity of the residential rental market in 
Poland, i.e. relating to tourist traffic (measured by total overnight stays) and the num-
ber of students in a given city. Moreover, the model contains regressors determining 
the distance between the surveyed cities and housing sales prices, in order to take into 
account spatial dependencies and links with the residential sales market, respectively. 
It should be stressed that since the dependent variable examines whether any two cit-
ies belong to the same convergence club, each regressor apart from the distance vari-
able is defined as the absolute difference of the values for the cities in the pair.

13 When dividing the cities into clubs based on data filtered using the HP and Butterworth methods, the 
CP values were 0.0353 and 0.0327, respectively. However, these results are not fully comparable with 
those where data were filtered using the boosted HP and CF filters, as the latter assigned all cities to 
clubs, while the former resulted in diverging units as well.
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The estimation results are presented in Table 7. In particular, models 1, 2, 3 and 4 
were based on club convergence analysis estimates obtained from data filtered with 
the HP, boosted HP, Butterworth and CF methods, respectively. On the basis of the 
results obtained, it can be concluded that by far the best model in terms of goodness 
of fit is model 2 where the value of pseudo-R2 is 0.27 and is substantially higher than 
in the other models. Also, regarding the significance and direction of the impact of the 
average marginal effects, this model seems to be most in line with expectations. In par-
ticular, taking into account the factors affecting housing supply, it can be noted that the 
smaller the absolute difference in the number of dwellings and the area of a city in two 
cities the more likely it is that these cities will belong to the same convergence club. 
On the other hand, in terms of demand determinants, three variables are significant in 
model 2: population size, number of students and unemployment rate. For the latter 
two, the estimates of the average marginal effects are as expected, i.e. cities with simi-
lar unemployment rates and the number of students are more likely to belong to one 
convergence club. However, in the context of the population size variable, the situation 
is reversed. This may be due to the fact that in Poland the high level of development of 

Table 7  Logit model estimates: drivers of convergence club formation

The dependent variable takes the value of 1 when any two cities belong to the same convergence club 
(0 otherwise). In models 1, 2, 3 and 4, the trend component of times series extracted using the Hodrick–
Prescott filter, the boosted Hodrick–Prescott filter, the Butterworth filter and the Christiano–Fitzgerald 
filter were used, respectively. In parentheses, robust standard errors. Abs. Dif. means absolute difference
***Significant at 0.01 level
**Significant at 0.05 level
*Significant at 0.10 level

Variable Average marginal effects

Model 1 Model 2 Model 3 Model 4

Abs. dif. ln housing stock − 1.63* (0.87) − 2.72*** (1.01) − 2.79*** (1.02) − 0.06 (1.16)
Abs. dif. ln population size 1.70* (0.90) 2.79*** (1.03) 2.82*** (1.04) 0.04 (1.19)
Abs. dif. ln city area − 0.26* (0.14) − 0.65*** (0.16) − 0.41** (0.16) − 0.26 (0.17)
Abs. dif. ln crimes 0.30 (0.18) 0.66 (0.42) 0.49** (0.21) − 0.03 (0.23)
Abs. dif. ln total overnight 

stays
− 0.16 (0.10) − 0.12 (0.11) − 0.18* (0.10) 0.18 (0.11)

Abs. dif. ln number of 
students

− 0.04 (0.10) − 0.20* (0.11) − 0.06 (0.11) − 0.08 (0.12)

Abs. dif. ln population 
density

0.29 (0.19) 0.02 (0.22) 0.22 (0.19) 0.55** (0.24)

Abs. dif. ln housing prices − 0.01 (0.44) 0.14 (0.49) 0.15 (0.47) − 1.19** (0.54)
Abs. dif. ln monthly wages 0.39 (0.52) 0.78 (0.55) 0.40 (0.54) − 0.87 (0.67)
Abs. dif. ln unemployment 

rate
− 0.09 (0.15) − 0.30* (0.16) − 0.08 (0.15) 0.34* (0.17)

Ln distance 0.06 (0.10) 0.24** (0.10) 0.13 (0.10) 0.03 (0.11)
Observations 91 91 91 91
Pseudo-R2 0.16 0.27 0.20 0.15
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the housing market is often not derived from the high population in a given city. For 
example, Cracow and Lodz, which are among the largest cities in Poland in terms of 
population, at the same time have opposite level of housing market development (see 
Fig. 1). The last variable that significantly shapes the formation of convergence clubs 
describes the distance between cities. The estimated parameter in model 2 indicates 
that the greater the distance, the greater the chance that any two cities will be in the 
same cluster. Paradoxically, taking into account the specificity of the Polish housing 
market, this is a desirable result. In particular, in Poland, the main urban agglomera-
tions driving the development of the market under study are Cracow, Warsaw, Gdansk 
and Wroclaw. Analysing the location in space of these cities, one may notice that these 
local governments are located on opposite sides of Poland (see Fig. 6), and therefore, 
the estimated parameter for the distance variable seems plausible.

Examining the other estimated models (1, 3 and 4), it can be concluded that they 
have a rather low pseudo-R2 value, and moreover, the generated parameters for them 
are mostly insignificant as well as inconsistent with expectations; this applies, for 
example, to the parameter for the covariate describing the unemployment rate in 
model 4. Summarising the estimation results, one can notice that they fully con-
firmed the conclusions presented in Sects. 3.2–3.3 indicating that the most optimal 
tool for filtering the data under the PS approach is the boosted HP filter.

4  Conclusions

In this article, an attempt was made to examine comprehensively the convergence 
of housing rental prices across Polish provincial capitals. In particular, this study 
aimed at answering the following research questions:

 Q1. Do residential rents across the surveyed rental markets converge to one steady 
state in the long term? If not, can convergence clubs be identified among the 
cities studied?

 Q2. In the case of absence of overall convergence in the Polish rental market, do 
club convergence analysis estimates differ depending on the time series filtering 
technique? Is the number of convergence clubs stable over time? Is the estimated 
structure of convergence clubs the same as in the case of the residential sales 
market?

 Q3. In the case of absence of overall convergence in the Polish rental market, which 
factors drive the formation of identified convergence clubs?

Referring to question Q1, it should be stated that there is no overall conver-
gence in the Polish residential rental market. It is possible, however, to iden-
tify convergence clubs where rental prices tend to move towards a club-specific 
steady state. In the scope of question Q2, club convergence analysis estimates 
indicate that, depending on the data filtering method, the division of cities into 
clusters differs significantly. Also, the dynamic analysis of steady states indicates 
that the number of long-term equilibria changes not only over time but also with 
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the time series filtering technique. Moreover, on the basis of the revealed frag-
mentation of the residential rental market in Poland into convergence clubs, it can 
be concluded that it is not the same as that of the residential sales market. In the 
context of the final research question (Q3), a study using the logit model shows 
that cities with very similar unemployment rates, housing stocks, city areas and 
student numbers are very likely to be in the same convergence club.

This study obviously has some limitations. The first is the short time frame of the 
study, which is due to data availability. Another limitation is the lack of information 
for a larger number of localities, but this does not affect the results of the analysis to 
a large extent, as residential rents in Poland are concentrated mainly in major cities.

It should also be noted that this survey has revealed that the residential rental 
market in Poland is very fragmented. This may be a consequence of the underde-
veloped nature of rental housing. Long-term residential leasing in Poland is also 
quite strongly destabilised by short-term renting, mainly for tourists, as well as 
by student tenancy. Therefore, state and local policy-makers should focus on the 
development of long-term renting as a supplement to home-ownership. This is 
necessary because of the huge housing shortages in Poland reaching up to three 
million units, as well as because of the increasing sales prices of housing, which 
exacerbates the residential affordability problem. One of the possible actions 
towards the development of the residential rental market in Poland is the pro-
motion by policy-makers of institutional investments, for example, through land-
use planning policy actions. In this context, as in the UK (see National Planning 
Policy Framework 2019), local politicians may consider introducing a mechanism 
for allocating certain locations to build-to-rent investment projects. A second 
possibility for politicians to promote tenancy is joint ventures of a public–private 
nature, in which a public entity could be a donor of land for future investments. 
Unfortunately, in Poland, the level of such activities is extremely low, and in the 
area of housing almost non-existent (Węgrzyn 2014; Tomal and Nalepka 2020). 
It should also be noted that renting in relation to purchasing is very often seen as 
an unprofitable form of providing a good such as housing (Ullah and Sepasgo-
zar 2020). Therefore, policy-makers in Poland, through legislative actions, should 
solve the problem of artificially rising rents in the long-term market, which is a 
result of the growing stock of dwellings allocated for short-term tenancy.

Future research analysing the convergence processes in the Polish residen-
tial rental market should examine how the COVID-19 pandemic affected the 
behaviour of rental prices between the examined locations. It may be assumed 
that due to the lockdown of the entire economy in Poland, which was introduced 
several times, the processes responsible for the formation of the ripple effect in 
the residential market have weakened considerably. In particular, this may affect 
the rental market to a much greater extent than the sales market, which is more 
dependent on population, labour market and financial capital mobility.
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