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Abstract

The thesis investigates the determinants of apartment prices in Russia. We
examined the relationships between quarterly apartment prices in the primary
and secondary markets and a wide range of explanatory variables using a het-
erogeneous panel of 73 regions from 2005 Q1 to 2019 Q4. Because the variables
were co-integrated, the long-run relationships were estimated using a panel
dynamic OLS. The short-run dynamic was captured by the error correction
model. Wages and construction costs were found to be the core determinants
of apartment prices in both the primary and secondary markets. Construc-
tion costs were dominant in the primary market and wages in the secondary
market. Unemployment, age structure, migration, exchange rate index, and
existing apartment area per capita were identified as additional price determi-
nants. Negative error correction terms implied that, following a market shock,
apartment prices would revert to their long-run equilibria. The sample was
then divided into subsets containing wealthy and poor regions to test for ro-
bustness. The regression results suggested different dynamics in the wealthy
regions, but otherwise confirmed the results’ robustness. Finally, subperiods
were subjected to indicative analysis. However, no significant changes were
observed following the 2008 and 2014 crises.
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Abstrakt

Tato práce zkoumá determinanty cen bytů v Rusku. Analyzovali jsme vztahy
mezi čtvrtletními cenami bytů na primárním a sekundárním trhu a širokou
škálou vysvětlujících proměnných. Heterogenní panelový vzorek obsahoval data
napříč 73 regiony od 2005 Q1 do 2019 Q4. Protože proměnné byly koin-
tegrované, pro odhad dlouhodobých vztahů byl použit panelový dynamický
OLS estimátor. Krátkodobá dynamika byla zachycena pomocí modelu korekce
chyb. Regrese odhalila, že hlavními determinanty cen bytů na primárním i
sekundárním trhu jsou mzdy a stavební náklady. Stavební náklady převládaly
na primárním trhu a mzdy na sekundárním trhu. Jako další cenové determi-
nanty byly identifikovány nezaměstnanost, věková struktura, migrace, index
směnného kurzu a průměrná podlahová plocha bytů na jednoho obyvatele. Zá-
porný koeficient korekce chyb naznačoval, že po změně cen bytů, v důsledku
ekonomických šoků, se jejich výše vrací ke své dlouhodobé rovnováze. Pro účely
kontroly robustnosti byl vzorek rozdělen do podskupin obsahujících bohaté a
chudé regiony. Výsledky regrese naznačovaly odlišnou dynamiku v bohatých
regionech, nicméně potvrdily robustnost vybraného modelu. Nakonec byla zk-
oumána dynamika cen v různých časových úsecích. Po krizích v letech 2008 a
2014 nebyly však pozorovány žádné významné změny.

Klasifikace JEL C23, 018, P22, R11, R13, R31
Klicova slova ceny bydlení, panelová regrese, regionální
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Chapter 1

Introduction

"The housing market will get worse before it gets better."

– James Wilson1

The residential property market is one of the most important sectors of an econ-
omy. It is of interest for many subjects ranging from individuals (households),
investors, developers, real-estate agencies, and insurance brokers to bankers.
Additionally, the housing markets tend to be highly regulated by the govern-
ment. The efficiency of government regulation is largely influenced by having
adequate economic instruments, a legal framework, and effective enforcement
in place. Policymakers propose regulations based on evidence identified by
economic models, which analyze and predict the residential market dynamics.

There is currently no housing policy implemented on the national level in Rus-
sian Federation. Any regulations related to housing are adopted solely at the
regional and city level in a non-standardized manner. Local institutions are of-
ten unable to prevent or mitigate economic downturns (Guzikova et al. 2017).
A common policy would need to be adopted to implement an effective housing
policy. To design such policies, economists first need to thoroughly understand
which variables affect the housing market both on micro and macroeconomic
levels. Having detailed insights into price determinants and their evolution over
time at the national and the regional level is thus a prerequisite to drafting rel-
evant policies.

1Quote from James Wilson, a Founding Father of the United States
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Supply and demand in the real estate market are determined by a range of
economic, political, social, cultural, demographic, technical, and geographical
factors. The stability of residential property prices has significant implications
on macroeconomic stability, affordability of housing, and the general well-being
of a country’s citizens.

The real estate market in Russian Federation is sensitive to economic booms
and downturns (Bogatyreva et al. 2021). Hence it would be interesting to ex-
plore potential shifts in the price determinants during these periods. Results
could be used to make better decisions for policymakers and investors. Addi-
tional opportunities for research stem from the fact that the property rental
market in Russia remains underdeveloped as historically the emphasis was on
motivating citizens to purchase their properties rather than on renting them
(Guzikova et al. 2017).

To our knowledge, existing literature on housing prices determinants in Russia
focused on single regions or cities. Dynamics on the national level have been
covered only in a limited number of works and such works have not employed
the leading methods proven successful in recent years. Following the need for
unified policy, this work aims to develop a model capturing the housing price
determinants applicable both on the national and regional levels. Additional
insights shall be provided by analyzing determinant evolution between wealthy
and poor regions and over time, capturing the impact of several crises within
the analysis window. The analysis shall use panel data set for all regions in
Russian Federation over 15 year period. The analysis shall cover apartment
prices on the primary and secondary markets providing additional insights into
the dynamics.

The thesis is organized as follows. Chapter 2 provides a brief overview of the
real estate market in Russia. Next, leading research into housing price deter-
minants is summarized in Chapter 3. Chapter 4 follows with an overview of
the methods employed in the empirical part of our work. Chapter 5 gives a
detailed look into the data used including their sources, descriptive statistics,
and charts. Section 5.1 outlines data limitation and their treatment. Chap-
ter 6 discusses the model selection approach, empirical results, limitations, and
suggestions for further research. An overall conclusion is given in Chapter 7.



Chapter 2

Real estate market in Russia

The real estate market in Russian Federation emerged in the 90s because of
privatization. Private ownership was legalized only in 1991 when the citizens
living in previously state-owned residential buildings became owners of their
apartments. Consequently, this has led to the creation of the residential real
estate market. The commercial real estate market materialized later in response
to the so-called large privatization during which the government transferred the
industrial companies to the hands of entrepreneurs.

This implies that the real estate market in Russia is relatively young. Its
development started only twenty years ago and hence is still in its active devel-
opment phase. Together with its long-term investment nature, this adds to its
higher sensitivity to global economic developments (Bogatyreva et al. 2021).
Therefore, the Russian real estate market, despite its short duration, has been
subject to several economic crises.

The first crisis in 1998 was triggered by the announcement of government bond
defaults and related Russian Ruble (RUB) exchange rate fluctuations. This
subsequently resulted in the freezing of several investment projects and real
estate value denominated in United States Dollar (USD) has plummeted signif-
icantly (Medyanik 2017). Under these conditions, individuals holding savings
in USD were able to afford housing in regions that were previously too expensive
for them. The market started to gradually stabilize following this short col-
lapse. However, the overall real estate price level remained lower as compared
to pre-crisis.
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As with the rest of the world, the Financial Crisis of 2008 had a significant
impact on the evolution of the real estate market in Russia, which was af-
fected by a sharp reduction in supply, tightening of mortgage eligibility criteria
as well as a reduction in investment inflow to the primary residential market.
Additionally, the crisis has led to the bankruptcy of several large construc-
tion companies which contributed to a further reduction in residential housing
supply in the following years. As a consequence of the gradual reduction in
purchasing power of Russian citizens, the supply structure of primary hous-
ing has adjusted towards small-sized apartments which are more affordable for
common buyers (Medyanik 2014). Several studies highlight that the residential
property market fully recovered only in 2013 (Ovsiannikova 2015).

The next financial crisis emerged in early 2014 as a consequence of numerous
economic and political factors such as worsening geopolitical relations due to
the annexation of Crimea and related sanctions towards Russia, a reduction in
oil and gas prices which are significant contributors to Russia’s income side of
the economy, pressures on foreign exchange markets and reduction in invest-
ment activities (Ilina 2015). Despite these headwinds, the real estate market
managed to continue growing until 2016. This can be explained by the multi-
plier effect of investments done in preceding years (Zalkind 2014). This crisis
has affected primarily commodity exporters and resulted in increases in con-
struction material prices. In reaction, interest rates also rose sharply which in
turn led to a reduction in real estate prices in both residential and commercial
markets in the following years (Bogatyreva et al. 2021).

At the beginning of 2020, the worldwide pandemic caused by the spread of
Covid19 triggered another crisis. Contrary to the previous crises, this one was
not directly linked to exchange rate fluctuations and other standard drivers of
economic downturns (Tretyachenko et al. 2021). To mitigate the spread of the
disease, the Russian government has imposed severe national restrictions and
issued work holidays with full pay despite not working. This has surely harmed
the real estate market on both supply and demand sides.

The impact of the global pandemic or other unexpected events in the public
health area on the real estate markets have not been thoroughly researched.
The time preceding Covid19 is characterized as a period of economic stagnation
connected with the reduction of real income of Russian citizens. This implies
that the restart of the real estate market will be of longer-term nature (Trety-
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achenko et al. 2021). Hence, the overall effect of the pandemic will be possible
to evaluate only in the following years and shell be outside of the scope of this
work.

The defining factor of the Russian real estate market is that it does not have
a properly developed rental market. The rental market underwent significant
reorganization after the dissolution of the Soviet Union in 1991. The share of
rental housing in the total housing market amounted to 74 %. However, in
2015, the share reduced to less than 13 % which consisted primarily of housing
for socially disadvantaged population (Kholodilin 2019). The underdeveloped
rental market is a consequence of the housing policy driven by the government
which was historically stimulating private ownership (Guzikova et al. 2017).
The private rental market is relatively small and rental properties are concen-
trated in large cities. The size is estimated to be 239 million square meters
which represent 6 % of the total housing market in 20211. Nevertheless, the
official statistics underestimate the share due to the existence of a grey market
where properties are rented unofficially to avoid related taxes. The true extent
is thus impossible to estimate (Kholodilin 2019).

In the current phase of real estate market development, Russia does not expe-
rience issues that are relevant for European countries such as having to tackle
mass migration. Nevertheless, several studies have identified similarities in
the housing market trends with the developed markets in Europe. Specifically,
there is increased construction of low-cost housing, socially disadvantaged hous-
ing is starting to gain share and the rental market is becoming more present
(Guzikova et al. 2017).

Regional rental markets in Russia have had their specific determinants. The
development was to large extent driven by entrepreneurial activity, housing
construction, income levels, and other economic factors in the given region.
This means that regional markets were developed asynchronously (Ovsian-
nikova 2015). At the end of 2019, 64 % of all housing construction was con-
centrated in 10 leading regions in Russia2. This emphasizes the importance of
these regions and highlights the existence of regional differences.

1Data from analytical center DOM.RF which is a financial institution for development in
the housing sector of Russia. It was created in 1997 by a decree of the Government of the
Russian Federation to facilitate the implementation of the state housing policy.

2Data from analytical center DOM.RF
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Developing the housing market brings benefits to the overall economy. Another
work by Ovsiannikova et al. (2017) show that investments in housing construc-
tion result in a significant multiplier effect. Specifically, the authors estimate
that the multiplier effect results in 4.1 RUB of growth value added per RUB
invested. This means every RUB spent will bring 4.1 RUB of growth value added
in related economic areas. Attracting investors to construction sectors might
thus be one of the primary goals for policymakers.



Chapter 3

Literature Review

This section provides an overview of the extensive research that has investigated
the determinations of property prices in various settings and geographical lo-
cations.

As was mentioned in the introduction, there is currently no housing policy im-
plemented on the national level in Russia and individual policies are in place
in specific regions. The absence of a common strategy is a likely cause why
the majority of works in Russia were focusing on analyzing housing price de-
terminants only in selected regions or cities. This work aims to enrich the
existing research by using the holistic approach and utilizing data from the
whole Russian Federation both from national as well as regional points of view.

Kostylev (2016) in his work divides research on determinants of residential prop-
erty prices in the Russian Federation into three logic groups. The first group
contains works focusing on the analysis of theoretical models of the real-estate
market (e.g. Malkina & Shchulepnikova (2012); Sternik & Apalkov (2015); Be-
din & Gusak (2017)). The second group of works utilizes econometric models
on data from specific regions or broader geographical areas (e.g. Korotaevskiy
& Mandrikova (2011); Puzina (2011); Sanina et al. (2017); Kleshcheva (2021)).
The last group investigates the dynamics of housing markets in larger Russian
cities (e.g. Balash et al. (2011); Salnikov & Mikheeva (2018); Kazimirov &
Peshkov (2019)).

Nevertheless, the above works have focused on identifying the price determi-
nants in selected single locations using variables portraying apartment prop-
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erties such as square area, building type, and distance from the center. Even
though the results of such analyses might be of value for individual investors,
they would not likely satisfy the needs of the policymakers to understand the
overall dynamics on the national level. To enrich the relevant literature, this
work shall utilize macro and micro-economic variables allowing for analysis on
both national and regional levels. Due to the lack of existing literature on
the overall housing price determinants in Russia, our goal is to review leading
research not only from Russia but also from other countries. Key findings and
implications shall be utilized for our empirical analysis.

To the best of the our knowledge, the most comprehensive study on the regional
determinants of real estate prices in Russia was conducted by Kostylev (2016).
The author used data set containing records for 75 regions of Russia for the pe-
riod spanning from 2005 Q1 to 2014 Q3. The author utilized Fixed Effect (FE)
panel regression. The results showed that the log of wages was the most signif-
icant determinant of real-estate prices in both primary and secondary housing
markets. Additionally, the factor portraying the share of urban housing on the
total available residential housing was among the most significant housing price
determinants. Kostylev (2016) used the Granger causality test to show that
the housing prices causally determined the total area of newly built properties,
but not vice versa.

The most significant positive FEs were occurring in the cities of Moscow and St.
Petersburg as well as Moscow oblast1 and Nizhny Novgorod oblast which were
both regions with growing price bubbles at the time. The negative FEs were
found in the North Caucasian Federal District which implies that there were
factors negatively affecting prices on primary and secondary markets (likely
caused by the high presence of terror attacks). The author highlights that the
dynamics of real estate prices were significantly affected by the Financial Crisis.

Kostylev (2016) also employed principal component analysis with Kaiser-Varimax
rotation to determine the integral variables. To construct a regional rating,
the author used variables such as construction producer price index, wages,
dwelling space per person, share of urban housing on the total available hous-
ing, commissioning of residential buildings per 1000 people, business confidence
index in construction, and the average annual number of employees working
in the construction sector. Housing affordability, the efficiency of construction

1Oblast means specific region covering broader area
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organizations, and total housing area per capita were identified among the in-
tegral factors in 2005. The integral factors shifted to construction efficiency,
availability of residential housing, and confidence in the construction sector in
2014.

Furthermore, the author identified seven regional groups of common regional
trends based on the values of integral factors using k-means and Ward’s method.
These regional markets have undergone large structural changes between the
years 2005 and 2014. Using such classification allows for the identification of
homogeneous regional groups depending on the level of their housing market
maturity. Taking this into account, we aim to extend the core analysis by
evaluating the housing price determinants using period subsamples reflecting
the impact of economic crises.

The work of Kalabiska & Hlavacek (2022) provided a lot of inspiration for our
research. The authors studied determinants of apartment prices in 14 regions of
the Czech Republic. Their quarterly data set covers the time period of 20 years
from 2000 Q1 to 2019 Q4. Panel Dynamic Ordinary Least Squares (DOLS) was
used as a primary estimation method with an Error Correction Model (ECM)
for capturing the short-run dynamics of apartment price fluctuations. Their
findings indicate that apartment prices in the Czech Republic are driven mainly
by wages and the unemployment rate on the demand side and apartment stock
on the supply side. Furthermore, the regression showed a positive effect of
net migration, divorces, mortgages, and Real Effective Exchange Rate (REER)
on apartment prices. Based on negative coefficients of the Error Correction
Term (ECT), the authors concluded that the real estate price converges to its
long-term equilibrium in response to the shocks. Using the Granger causality
test, reverse dependence of rents on housing prices was identified. This means
that changes in housing prices Granger cause changes in rents.

Furthermore, the authors estimated their final model with outlier regions ex-
cluded. This was used for robustness checking purposes as well as to identify
the impact of wealth on the apartment price determinants in different regions.
The results revealed that the positive effect of building plot price on apartment
price is significant only in high-income regions. On the other hand, the effect of
labor force factors turned out to be larger in lower-income regions. We intend
to evaluate whether such behavior can be also identified in the Russian market
by employing the analysis of regional subsamples based on their wealth levels.
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Another study of real estate prices determinants at the regional level was con-
ducted by Belke & Keil (2017). The authors used annual data for 127 cities
in Germany for the period from 1995 to 2009 with a similar set of factors as
Kalabiska & Hlavacek (2022) and two dependent variables - house prices and
prices of newly built apartments. Pooled Ordinary Least Squares (OLS) and FE

panel regressions confirmed that demand and supply factors are robustly linked
to housing prices and can be used to identify price bubbles. Among these fac-
tors were, on the supply side, the number of newly constructed apartments, the
number of real estate transactions, and the stock of existing housing. On the
demand side, the quality of regional infrastructure, the working-age population
and the number of households as captured by the number of hospitals per 1000
inhabitants.

Stepanyan et al. (2010) examined determinants of residential property prices
using a sample of 11 countries of Former Soviet Union (FSU) including Rus-
sia. They utilized the pooled mean group estimator which ensures homogeneity
constraints on the long-run relationship between housing price and its funda-
mental determinants. Real Gross Domestic Product (GDP) was used as the
main determinant of real estate prices in their analysis. Additionally, two new
explanatory variables were employed - workers’ remittances and foreign inflows
- to take into account the impact of external flows on incomes and the availabil-
ity of mortgage financing. The results suggest that all three determinants are
significant in terms of explaining the dynamics of real estate prices in the FSU

countries. Furthermore, the authors confirmed the robustness of their results by
re-estimating the model after excluding the two largest oil revenue–dependent
countries (Kazakhstan and Russia) from the sample.

Égert & Mihaljek (2007) aimed to identify determinants of housing prices in
eight transitional economies of Central and Eastern Europe (CEE) in con-
trast to 19 developed Organisation for Economic Co-operation and Develop-
ment (OECD) countries. Authors used panel DOLS techniques with ECM. In
addition to traditional demand and supply fundamental factors, they also con-
sidered transition-specific factors such as the transformation of housing market
institutions and improvements in the quality of newly constructed housing. The
analysis showed that the traditional fundamental factors are highly significant
drivers of real estate prices in both CEE and OECD countries. Furthermore, the
results confirmed that transition-specific factors are significant in determining
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property prices in CEE countries. Authors also noticed that the absolute values
of the ECT are much higher in transitional economies than those in developed
countries. This suggests that housing prices in CEE countries are more elastic
and reach long-run equilibrium faster.

Another study of real estate price determinants in Central, Eastern, and South-
eastern European countries was conducted by Huynh-Olesen et al. (2013). The
analysis used quarterly data from 1997 to 2011 with a large scale of economic
fundamental factors as well as transition-specific factors related to housing
demand. The most significant factors identified were household income, age
structure, interest rates, construction costs, external demand for housing, and
credit financing of house purchases. However, these determinants could not
fully explain the dynamics in housing prices. The authors found evidence of
real estate prices exceeding the levels indicated by the explanatory factors in
the period before the Financial Crisis in almost all countries covered in the sam-
ple. The Financial Crisis triggered a sharp correction and in 2011 the housing
prices were even below the levels indicated by the fundamental determinants.

Kholodilin & Ulbricht (2015) investigated the determinants of apartment prices
in 48 large European cities across 24 countries including 7 largest Russian cities.
They constructed a data set of internet offer prices collected in the first half
of 2012. Using Bayesian Model Averaging, the authors were able to identify
three relevant dwelling price level determinants which have a positive effect
and are in line with theoretical predictions: population density, mortgage per
capita, and income inequality. As expected, unemployment was found to have
a negative effect on dwelling prices. The robustness of the model was checked
by applying OLS and quantile regression as alternative estimation techniques
and by analyzing the Euro area sub-sample. The authors concluded that the
results were robust. However, mortgage per capita became insignificant when
only the Euro area sub-sample was considered.

Additionally, the authors prepared an extensive table summarizing determi-
nants based on their as well as other relevant studies’ results. The table con-
tains significant housing price determinants, their signs, and magnitudes. This
brings added value by helping future research to include relevant variables to
the model and avoid omitted variables bias.

One of the recent studies into cross-country housing price determinants was
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conducted by Tripathi (2020). The author of this study used annual data for 43
countries including Russia over the period from 1970 to 2017 with a large scale
of demand and supply fundamental factors. To perform the empirical analysis,
the author utilized the Random Effect (RE) panel data regression model. The
estimated results suggest that rent, price-to-income ratio, price-to-rent ratio,
urbanization, GDP, population age structure, inflation, broad money, and REER

all have a positive effect on real estate prices. The regression also showed a
negative effect of the share of employment in services on housing prices.

The above overview of relevant research in Russia as well as other countries
gives us an idea on which variables have been proven as valid determinants of
housing prices. Additionally, the above studies have generally utilized standard
panel data methods such as FE, RE and more complex Panel Dynamic Ordinary
Least Squares (PDOLS) that can be considered as leading model for this type
of research. The details on econometrics methods as well as their rationale are
given in the next chapter.



Chapter 4

Methodology

This chapter focuses on the relevant methodology utilized within the empirical
part of this work. The chapter is organized as follows.

The first part focuses on temporal dis-aggregation of low-frequency observations
into higher frequency ones using a framework summarized by Sax & Steiner
(2013) to solve the issues of data availability. Section 4.2 follows with a de-
scription of the panel unit-root testing approach closely followed by Section 4.3
to evaluate relevance of considered variables and Section 4.4 on co-integration
testing approach in order to determine the appropriate data treatment and
model selection. The rationale for the model selection approach is described
together with the leading model in Section 4.5.

4.1 Temporal dis-aggregation

One of the challenges that were identified early in the data acquisition process,
was the lack of higher frequency observations for a subset of considered ex-
planatory variables on the regional level and/or for extended periods. To our
knowledge, all relevant and available quarterly (or monthly to be aggregated)
observations of variables that could be included in our analysis have been ac-
quired from relevant sources1. Nevertheless, additional valuable variables such

1Data have been primarily downloaded from https://fedstat.ru/, more details are provided
in Chapter 5 describing the used data set for this research

https://fedstat.ru/
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as wages and construction costs are available merely on yearly frequency for
the set of regions and sub-regions considered.

To include these variables in the empirical analysis and broaden the contri-
bution of this thesis, we intend to employ temporal dis-aggregation methods
which allow for dis-aggregation of lower frequency time series into higher fre-
quency ones. These methods are widely used in official statistics across the
world (Sax & Steiner 2013).

There are multiple methods ranging from very simple ones resulting in linear
dis-aggregation to ones employing indicator series that help to generate close-to-
reality higher frequency series. The authors highlight that even if the indicator
series are unavailable, it might still be of value to employ the simple way of
generating higher frequency observations, especially if they are subject to linear
evolution.

This thesis follows the framework of Sax & Steiner (2013) that they conve-
niently implemented in R package tempdisagg. The package provides the fol-
lowing dis-aggregation methods: Denton (Denton 1971) and Denton-Cholette
(Dagum & Cholette 2006) which will produce higher frequency series close to
the indicator series regardless of whether the indicator series is correlated with
the lower frequency series. These methods can also generate higher frequency
series without any indicator variables which can be useful in specific settings
with linear evolution. Chow-Lin (Chow & loh Lin 1971), Fernandez (Fernández
1981) and Litterman (Litterman 1983) on the other hand regress one or more
indicator series on the low-frequency one and use the results to predict the new
higher frequency series. Chow-Lin is appropriate for stationary or co-integrated
series whereas Fernandez and Litterman are suitable for non-cointegrated se-
ries.

The goal of dis-aggregation methods is to estimate unknown higher frequency
series denoted by y whose sums, averages, first or last values are consistent with
known low-frequency series yl. To improve the accuracy of the estimated higher
frequency series y, one or more other higher frequency indicators denoted by
matrix X can be utilized.

The general approach includes two steps. First is to determine the preliminary
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quarterly2 series denoted by p. In the second step, the differences between the
yearly values of the preliminary series and the yearly values of the observed se-
ries have to be distributed among the quarterly series. This can be represented
by the following equation:

ŷ = p + D · ul (4.1)

where ŷ is the estimated quarterly series, D is n×nl distributional matrix with
n quarterly and nl yearly observations. ul is a vector of length nl and consists
of differences between annualized values of p and actual values of yl:

ul = yl + C · p (4.2)

where C is nl × n conversion matrix which in the case of yearly values being
the sum of quarterly ones can be constructed as:

C =
⎛⎝1 1 1 1 0 0 0 0

0 0 0 0 1 1 1 1

⎞⎠ . (4.3)

Equation 4.1 defines the general framework for all mentioned dis-aggregation
methods, specific implementations differ in the way they determine the prelim-
inary series p and the distributional matrix D. The details of each method are
provided in Sax & Steiner (2013) as well as in the individual papers referenced
above.

4.2 Stationarity analysis

To determine the proper treatment of our data and subsequently select the
appropriate model, one of the initial steps is to evaluate the stationarity or
non-stationarity (i.e. the presence of unit-root process) of involved variables.
Incorrect treatment might result in a spurious regression problem3 and lead
to an invalid inference of regression coefficients. Phillips & Moon (2000) have
shown that under panel data setting, the spurious regression is partially miti-

2Without loss of generality, let us refer to higher frequency series as quarterly and lower
frequency series as yearly

3By spurious regression, it is meant regression of non-stationary and not co-integrated
variables
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gated assuming both cross-sectional and time-series asymptotics. This however
does not ensure full mitigation of the spurious regression problem.

Selection of the appropriate unit-root test is thus key to obtaining valid results.
There is a large number of available panel unit-root tests that can be categorized
into the so-called first and second-generation tests. The distinguishing factor is
that first-generation panel unit root tests assume the individual time series in
a panel to be cross-sectionally independently distributed whereas the second-
generation tests allow and account for cross-sectional dependence. Hurlin &
Mignon (2007) and Pesaran (2007) in their works highlight that the assumption
of cross-sectional independence of first-generation panel unit-root tests has been
rather restrictive and, if violated, might adversely affect the power of such tests.

This research incorporates macroeconomic variables on the national as well as
regional levels. It is safe to assume that economic variables on the regional
level will follow similar dynamics and hence be cross-sectionally dependent.
This calls for employing one of the second-generation unit root tests.

For the purposes of this research, we shall employ Cross-sectionally Augmented
IPS (CIPS) which is a simple second-generation panel unit root test proposed
by Pesaran (2007). The test is an extension of the widely applied IPS test
(Im et al. 2003). Pesaran (2007) utilizes a dynamic linear heterogeneous model
with a one-factor structure of the disturbances and augments the Dickey-Fuller
regression with a cross-sectional average of the lagged levels as well as first-
differences of the individual series. In the presence of serial correlation, the
Augmented Dickey-Fuller (ADF) regression is used.

The below notation to construct the CIPS statistic follows the work of Hurlin &
Mignon (2007). In the simple case of no serial correlation, the Cross-sectionally
Augmented Dickey-Fuller (CADF) regression for the ith cross-section is defined
as follows:

∆yi,t = αi + ρiyi,t−1 + ciȳt−1 + di∆ȳt + vi,t (4.4)

where ȳt−1 = N−1∑︁N
i=1 yi,t−1 is the cross-sectional average of the lagged levels

and ∆ȳt = N−1∑︁N
i=1 ∆yi,t is the average of first-difference of the individual

series.

The null hypothesis, denoted by H0, states that all individual time series are
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non-stationary processes whereas the alternative hypothesis, denoted by HA,
is defined that at least a fraction N1

N
of individual time series are stationary.

Both can be formalized by the following equations:

H0 : ρi = 0 for i = 1, 2, · · · , N (4.5)

HA :

⎧⎪⎨⎪⎩ρi < 0 for i = 1, 2, · · · , N1

ρi = 0 for i = N1 + 1, N1 + 2, · · · , N
(4.6)

Let us denote ti(N, T ) as the CADF statistics for the ith cross-section calculated
using the standard OLS t-statistics of the ρi coefficient of yi,t−1 in Equation 4.4.
The CIPS test is then constructed using the CADF statistics as defined in the
Equation 4.7. As the final step, CIPS test utilizes adjusted version of the IPS’
t-bar test constructed by averaging the CADF statistics:

CIPS = N−1
N∑︂

i=1
ti(N, T ). (4.7)

The distribution of the CIPS statistic is non-standard even asymptotically. The
standard critical values cannot be used and instead 1%, 5% and 10% critical
values for varying dimension of T and N are tabulated in the appendix of
Pesaran (2007). Under the presence of serial correlation in the residuals, an
extension of the above CIPS can be easily derived by utilizing ADF regression
in the Equation 4.4.

Furthermore, the test exhibits good power even in the case of very small N

and/or T as well as of their different combinations. Pesaran (2007) also high-
lights that a large share of previous panel unit-root test require T to be larger
than N which might be problematic for our type of research with large number
of heterogeneous regions.

The more widely utilized methods such as the ADF test shall be applied for ro-
bustness checking purposes despite the likelihood of cross-sectional dependence.
Additionally, region invariant variables shall be tested using the standard ADF

test as well.
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4.3 Granger causality

An additional step is to determine the causal relationships among the studied
variables and thus evaluate whether the variables are relevant for modeling
the dependent variables. Granger (1969) proposed a framework for testing for
Granger causality in a time series setting which is used as a basis for corre-
sponding, but more complicated, tests under panel data setting.

Assuming xt and yt are stationary variables (i.e. differencing needs to be applied
to any non-stationary variables before employing this test), the following model
can be utilized to determine whether x Granger causes y:

yt = α +
K∑︂

k=1
γkyt−k +

K∑︂
k=1

βkxt−k + εt (4.8)

where t = 1, . . . , T represents the time-series dimension, k = 1, . . . , K is the lag
order used in the test. The test checks whether past values of x are significant
predictors of current values of y while including past values of y in the model.
If this holds, then x has a causal effect on y. This can be tested using the
standard F test applied on Equation 4.8 with the following null hypothesis:

H0 : β1, . . . , βK = 0. (4.9)

Rejecting the null hypothesis implies that x Granger causes y. Switching the
variables allows for testing in the opposite direction.

Dumitrescu & Hurlin (2012) extended the initial model for panel data setting.
The corresponding model can be written as:

yi,t = αi +
K∑︂

k=1
γi,kyi,t−k +

K∑︂
k=1

βi,kxi,t−k + εi,t (4.10)

where i = 1, . . . , N represents the additions of cross-sectional dimension to the
model defined by Equation 4.8. The test allows for varying coefficients across
cross-sections but assumes coefficients to be invariant over time. The causal-
ity effect can be equivalently tested using the following null and alternative
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hypotheses:

H0 :βi,1, . . . , βi,K = 0, for i = 1, . . . , N (4.11)

HA :

⎧⎪⎨⎪⎩βi,1, . . . , βi,K = 0 for i = 1, . . . , N1

βi,1 ̸= 0 or . . . or βi,K ̸= 0 for i = N1 + 1, . . . , N
(4.12)

Hence, under the null hypothesis, there is no causal relationship for any cross-
section whereas under the alternative, there is a fraction N1

N
of cross-sections

with a causal relationship and N−N1
N

with no causal relationships.

To test this, the authors proposed the following procedure by first running N

individual regressions for each cross-section, then performing the F test on the
K linear hypotheses and producing the individual Wald statistics denoted as
Wi. The last step is to calculate the average Wald statistics W̄ . The authors
showed using Monte Carlo simulation that W̄ has an asymptotically standard
normal distribution and is generally well behaved.

The only limitation is the assumption of cross-sectional independence which is
restrictive. This can be mitigated by employing more advanced block-bootstrap
procedures in empirical applications. Nevertheless, the authors call for the
development of second-generation tests similarly as was done for panel unit
root tests outlined above. Further details are provided in the original paper by
Dumitrescu & Hurlin (2012).

4.4 Co-integration testing

In addition to knowing whether the individual variables are stationary, co-
integration needs to be determined to select the appropriate model specifica-
tion. To evaluate whether there are any co-integrating relationships among the
variables, two methods shall be applied.

The first method proposed by Kao (1999) builds upon the standard Engel-
Granger residual co-integration test and utilizes the concept that if the tested
non-stationary series are co-integrated, then the resulting residual series should
be stationary and vice versa.

Without loss of generality, under a bi-variate setting, the regression model is
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defined as follows:

yi,t = αi + βxi,t + ei,t (4.13)

where i = 1, . . . , N is number of cross-sections, t = 1, . . . , T is number of time
series observations, αi is cross-section specific intercept and β is homogeneous
slope parameter across all cross-sections and yi,t and xi,t follow random walk
process:

yi,t = yi,t−1 + ui,t, (4.14)

xi,t = xi,t−1 + εi,t−1. (4.15)

The next step is to apply the Dickey-Fuller4 test on the estimated residual
series:

êi,t = ρêi,t−1 + vi,t. (4.16)

The null and alternative hypotheses can be formalized as follows:

H0 : ρ = 1, (4.17)

HA : ρ < 1. (4.18)

where under the null hypothesis of no co-integration, the residuals remain non-
stationary. The limitation of the Kao co-integration test stems mainly from the
fact that it cannot identify the number of co-integrating relationships among
the tested set of variables. Further details are provided in the original paper.

Hence, to identify the number of co-integrating relationships, the testing ap-
proach proposed by Maddala & Wu (1999) shall be applied. The test utilizes
the likelihood ratio trace and maximum eigenvalue tests proposed by Johansen
(1988) to identify the co-integration relationships for individual cross-sections
and then combines them into an overall panel co-integration test.

In the case of the likelihood trace test, the null hypothesis states there are at
most r co-integrating vectors against the alternative of r = N co-integration
vectors. For the maximum eigenvalue test, the null remains the same against
the alternative hypothesis of r + 1 co-integrating vectors. Hence, a step-wise

4Alternatively ADF test in case of serial correlation in residuals
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approach can be utilized to identify the number of co-integrating relationships.

4.5 Modelling approach

The standard approach to econometric analysis was to first check for non-
stationarity of the analyzed series and if non-stationary behavior was detected,
apply first differences followed by employing standard panel data models such as
FE and RE estimators. This approach yields valid results and related coefficient
inference, but taking differences will inherently remove a certain portion of
information from the data for the long-run dynamics as highlighted by Baltagi
(2005).

Under the right setting, more sophisticated methods can be applied to the
non-stationary data while producing valid coefficient estimates. Specifically,
under the condition of variables being non-stationary and at the same time
co-integrated, i.e. following a common long-term trend, then methods such as
Fully Modified Ordinary Least Squares (FMOLS) and PDOLS can be applied to
obtain the long-run equilibrium relationships.

Both of these models are able to account for endogeneity bias as well as serial
correlation arising from the co-integrating relationships. FMOLS, proposed by
Pedroni (2001), mitigates the endogeneity and serial-correlation by employing
parametric corrections to achieve valid inference whereas PDOLS, attributed to
Kao & Chiang (2000), accounts for the above-mentioned issues by adding the
lags and lead of the first-differences of non-stationary explanatory variables.

The relevant literature shows a clear preference to use PDOLS which was em-
ployed by studies of Égert & Mihaljek (2007); Huynh-Olesen et al. (2013);
Kalabiska & Hlavacek (2022) rather than FMOLS which has been used gener-
ally as a robustness check only. Kao & Chiang (2000) in his work compares
OLS, FMOLS and PDOLS using Monte Carlo simulations for different settings.
The results show that OLS is biased and PDOLS generally outperforms FMOLS,
especially in the case of heterogeneous panels where the parametric correction
fails to account for the bias. Additionally, the FMOLS estimator is more com-
plicated and computationally demanding to estimate. The author concludes
that PDOLS is more promising for estimating co-integrated panel regressions.
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This is further supported by additional Monte Carlo simulations performed by
Mark & Sul (2003) and Wagner & Hlouskova (2010).

Based on these findings, PDOLS shall be henceforth used as the primary econo-
metric model. The PDOLS model for estimating the long-run relationships is
defined as follows:

yi,t = αi +
H∑︂

h=1
βi,hXi,t +

H∑︂
h=1

ki,2∑︂
j=−ki,1

γi,j∆Xi,t−j + εi,t (4.19)

where yi,t is the dependent variable for i-th cross-section and t-th period rep-
resenting apartment prices in our case, βi,h are the coefficients for explanatory
variables h = 1, . . . , H. γi,j are coefficients representing the lags (ki,1) and
leads (ki,2) of the differences of the explanatory variables for individual cross-
sections. The lag and lead order is generally increasing with the longer time
series dimension of the panel and shall be determined automatically using the
appropriate information criteria in the statistical software.

4.5.1 Short-run dynamics

As with many economic variables, apartment prices tend to revolve around the
long-term equilibrium and it is often of interest to identify short-run fluctua-
tions from such equilibrium states to gain further insights into the relationships.
To estimate these short-run fluctuations, ECM can be implemented as an ex-
tension of the applied models.

ECM expands the standard models by adding ECT attribute portraying the
short-run deviations from the long-run equilibrium. The estimated ECT should
be negative and the higher its magnitude the faster the deviation from the
long-run equilibrium converges back to it.

The ECM extension in the case of PDOLS is characterized by Equation 4.19 as
follows:

∆yi,t = αi + ρi

(︄
yi,t−1 −

H∑︂
h=1

βi,hXi,t−1

)︄
+

H∑︂
h=1

γi,h∆Xi,h,t + εi,t (4.20)

where ρi is the coefficient for ECT.
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4.5.2 Robustness checking

In addition to PDOLS, FMOLS as well as the standard FE and RE panel models
will be estimated for robustness checking purposes. Additionally, results using
the Auto-Regressive Distributed Lag (ARDL) model, which has been employed
in the works of Stepanyan et al. (2010), shall be provided as an additional layer
of robustness check. ARDL is a standard OLS model which includes lags of both
dependent and independent variables.



Chapter 5

Data

This chapter presents the data set used within the empirical part of this thesis
as well as their key properties. The chapter begins with a general overview
of used data, their sources, and the rationale for period selection. Section 5.2
follows with details on dependent variables as well as their descriptive statics.
Next, Section 5.3 provides key insights into used explanatory variables and
their properties. Stationarity analyses are included for both dependent and
explanatory variables.

Our data set is in the form of an unbalanced panel with quarterly observations
beginning in 2005 Q1 and going until 2019 Q4. The rationale for selecting
this period is twofold. Firstly, by having data from 2005, the impact of several
financial crises1 on apartment prices and their determinants can be investigated.
Additionally, the data availability before 2005 is limited preventing the use of
earlier data in the analysis.

The available data contain records for 8 federal districts with 85 federal subjects
which include 46 oblasts, 22 republics, 9 krais, 4 autonomous okrugs, 3 federal
cities, and 1 autonomous oblast2. Selected regions have formed recently, under-
gone territorial transformations, or were subject to non-standard developments
and events. Further discussions is given in Section 5.1 providing information
on data limitations and their treatment.

1As highlighted in Chapter 2, Russian real estate market has been subject to several
economic crises such as the ones in 2008 and 2014

2All of these will be hereafter generally referred to as regions unless a specific distinction
is needed
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The majority of the data used in this research were obtained through the Unified
Interdepartmental Statistical Information System (UISIS)3. UISIS was launched
in 2011 and combines data collected from over 60 public authorities in Rus-
sian Federation. Additional complementary attributes were acquired from the
Federal State Statistics Service (FSSS)4 and the Central Bank of Russia (CBR)5.
The remaining attributes were obtained through the Federal Reserve Economic
Data (FRED) database6.

5.1 Data set limitations and treatment

As highlighted above, selected regions were affected by non-standard develop-
ment leading to partial or even complete unavailability of the relevant data.
One of such regions is the North Caucasian Federal District with a large share
of observations unavailable for several variables including the dependent ones.
The economy over the studied period was subject to rather extreme dynamics,
especially in terms of unemployment which reached 67% in 2005 in the Chechen
Republic. Additionally, the migration coefficient reached its highest value of
-499 in 2005 implying large migration from the Republic of Ingushetia. Such
extremes could distort the analysis and render identified results invalid.

The cause of these extreme dynamics stems from the region’s history and lo-
cation. The North Caucasian Federal District was founded in 2010 following
its split from Southern Federal District. The region is situated on the slope
of the Greater Caucasus mountain range and was subject to several military
interventions. The Chechen Republic was in a war state until 2009 and so
were some of the neighboring regions. For these reasons, observations for the
Republic of Dagestan, Republic of Ingushetia, Kabardino-Balkarian Repub-
lic, Karachay-Cherkess Republic, Republic of North Ossetia-Alania, and the
Chechen Republic were removed from the sample. Only Stavropol Krai from
North Caucasian Federal District was included in the data set as the data
were fully available and because it has not been subject to adverse events. For
illustrative purposes, the map of these excluded regions is given in Figure 5.1.

3UISIS website (https://fedstat.ru) which is only available in Russian
4FSSS website (https://eng.rosstat.gov.ru)
5CBR website (https://www.cbr.ru/eng)
6FRED website (https://fred.stlouisfed.org)

https://fedstat.ru/
https://eng.rosstat.gov.ru
https://www.cbr.ru/eng/
https://fred.stlouisfed.org/
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The Republic of Crimea and the federal city of Sevastopol, which is located in
Crimea, were also omitted from the data set because of low data availability.
This is likely resulting from the territorial disputes over these regions between
Russia and Ukraine.

Figure 5.1: North Caucasian Federal District - Geography
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Additionally, 3 autonomous okrugs of Nenets, Khanty-Mansi, and Yamalo-
Nenets7 had to be removed from the data set, because they belong under
other broader regions and data were available only for these parental regions.
Chukotka, the last autonomous okrug, was also removed from the data set due
to the unavailability of apartment price data which are to be used as the de-
pendent variable. This is likely a consequence of the remote location of this
region, its industrial focus, and its small population.

After the above-mentioned exclusions, the final data set contains data for 7
federal districts with 71 regions and 2 federal cities together giving 73 hetero-
geneous cross-sections for our analysis. This results in a diverse set of regions
representing varying geographical and economic conditions across the Russian
Federation.

7Nenents belongs under Arkhangelsk oblast, Knanty-Mansi and Yamalo-Nenets both be-
long under Tyumen oblast

https://en.wikivoyage.org/wiki/North_Caucasus
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Regarding the time dimension, the period spans from 2005 Q1 until 2019 Q4
with the time series differing in the number of observations across individual
regions. The time dimension ranges from 40 to 60 observations, where 60 equals
the whole period. The final data set is thus in the form of an unbalanced panel
and contains 4,380 observations for fully populated variables.

Last, but not least, a certain share of relevant variables on the regional level
were available only on yearly observation frequency which does not fit the scope
of this work. Thus, the yearly time series for selected explanatory variables were
dis-aggregated using methods described in Chapter 4. The detailed treatment
for each variable is described in Section 5.3 summarizing explanatory variables.

5.2 Dependent variables

Selection of the appropriate dependent variables is the first step. Several repre-
sentative variables for apartment prices are available. This research utilizes the
average price per square meter of residential properties denominated in RUB

on both the primary residential market (newly built properties) and the sec-
ondary market (existing properties resold on the market) as the main variables
of interest. This follows the leading research on this topic done by Égert &
Mihaljek (2007), Huynh-Olesen et al. (2013) and Kalabiska & Hlavacek (2022).

Table 5.1: Apartment price per m2 - primary and secondary
market

Attribute N Mean St. Dev. Min Max
price_prim 4,244 41,485.05 18,670.96 11,701.50 203,190.00
price_sec 4,380 42,017.41 20,242.70 7,876.09 192,986.90

Table 5.1 presents the descriptive statistics for the dependent variables. Look-
ing at the min and max values on the primary and secondary market, one may
notice there is a large gap in the apartment prices. This is likely caused by
the wealth differences between rich and poor regions. The high value of the
standard deviation further indicates that the prices are spread out over a wider
range.

The grid plot for individual apartment price time series for all regions on the
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primary market is given in Figure A.1 and on the secondary market is available
in Figure A.2. The grid plot confirms the above hypothesis that the rich regions
such as Moscow, St. Petersburg, Primorsky krai, Sakhalin oblast, and the Re-
public of Sakha are subject to significantly different apartment price evolution
than the rest of the sample. This applies to both primary and secondary real
estate markets.

Careful consideration should be given to the treatment of wealthy regions which
can be considered to some extent as outliers and could distort the analysis.
Nevertheless, the removal of such observations from the sample could reduce
the generalization of empirical results. These regions will be thus kept in the
sample and the robustness of the results shall be validated on sub-samples
splitting regions into wealthy and poor ones.

Taking into account the number of observations in the summary statics to-
gether with the grid plots, one may identify that the time series are not fully
populated for all cross-sections. Specifically, the data set contains no or limited
observations for Murmansk Oblast (100 % missing) and Magadan Oblast (53 %
missing) for apartment prices on the primary market. Hence, these regions will
be omitted from the analysis of the primary market apartment prices. Several
other regions are not fully populated, but the unavailability is of small scale
with no further treatment required.

Additional insights into the price per square meter dynamics on the primary
and secondary market are provided in Figure 5.2 for selected wealthy, mid-
range, and poor regions for legibility reasons8. Looking at the charts for both
primary and secondary markets, a sharp increase is visible around 2007, which
is attributed to the Financial Crisis, with apartment prices rising between 90
% and 340 %9. Furthermore, a slight decline in prices in the primary market
can be observed in 2011 and 2016 in the wealthy regions.

It is noticeable that real estate prices in the mid-range and poor regions are fol-
lowing similar dynamics. Apartment prices in these regions have been steadily
increasing since 2011. Additionally, the charts show that the dynamics and
apartment price growth in Moscow are significantly different from the remain-

8Wealthy regions are represented by Moscow, St. Petersburg and Sakhalin Oblast, mid-
range by Sverdlovsk Oblast and poor by Kostroma Oblast, the Republic of Altai and the
Republic of Kalmykia

9Depending on the specific region with wealthy regions exhibiting the highest price growth
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ing regions. Moscow city is generally taken as an independent region and has
the highest property prices in the data set as well as the best values for economic
attributes. High growth is present also in St. Petersburg which is the second-
best performing city after Moscow from an economic point of view. These two
wealthy regions can be thus viewed as outliers in the data set similarly as was
highlighted by Kostylev (2016) in his research. Furthermore, the charts may
imply the presence of market bubbles in these wealthy regions.

Figure 5.2: Price per m2 on primary and secondary market
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Comparing the prices on the primary and secondary markets from 2009, it
is visible that the secondary market was showing slower growth without any
significant surges. Prices on the primary market were growing gradually in
the mid-range and poor regions whereas wealthy regions were subject to short
periods of high growth and price stagnation.
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5.2.1 Stationarity analysis

As was highlighted in Chapter 4, it is critical to properly evaluate the order
of integration of the investigated variable to select the appropriate model and
ensure the validity of related coefficient inference.

Before employing any formal tests, a visual inspection of the dependent variable
plots was performed. The grid charts in Figure A.1 and Figure A.2 generally
show an upward trend requiring corresponding test specifications to be selected.
Additionally, the dynamics seem to follow a common trend which might indi-
cate cross-sectional dependence. To confirm the hypothesis of cross-sectionally
dependent series, the scaled LM test proposed by Pesaran (2004) was employed.
The null hypothesis states that there is no cross-sectional dependence. The out-
puts presented in Table 5.2 result in rejection of the null hypothesis on 1 %
significance level for both primary and secondary market price series.

Table 5.2: Pesaran scaled LM test - apartment prices

Primary market Secondary market
Null hypothesis Statistics p-value Statistics p-value
No cross-section dep. 1292.96 < 0.01*** 1284.81 < 0.01***
***-significant at 1% level, **-significant at 5% level,
*-significant at 10% level

The results thus confirm that the series’ are cross-sectionally dependent and ap-
propriate panel unit-root tests accounting for cross-sectional dependence need
to be applied to obtain valid results. Following the methodology, CIPS test
is utilized to check for stationarity or non-stationarity of the investigated se-
ries. The lag order was determined automatically by the statistical software
based on Hannan-Quinn Information Criterion (HQC) as it is most suitable for
large data sets (Liew 2004). The lag order was selected between 0 and 8 lags
depending on individual cross-sectional time series.

The results of CIPS tests provided in Table 5.3 do not allow for rejection of
the null hypothesis stating that the level series follow unit-root processes. To
remove the trend, logarithmic transformation was applied. The test on the
transformed series resulted in an identical outcome. Another option is to take
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the first difference of the series. Tests performed on the differenced series lead to
the rejection of the null and suggest that the differenced series’ are stationary.
Therefore, we can conclude that price variables in levels and logarithms are
non-stationary whereas the differenced series are stationary.

Table 5.3: Panel unit-root test - apartment prices

Perasan’s CIPS test
CIPS Lag p-value

price_prim −2.169 0 − 8∗ > 0.10
price_prim_l −2.451 0 − 8∗ > 0.10
price_prim_ld −3.807 0 − 8∗ < 0.01
price_sec −2.139 0 − 8∗ > 0.10
price_sec_l −2.458 0 − 8∗ > 0.10
price_sec_ld −4.322 0 − 8∗ < 0.01

∗ based on HQC

Similar results were obtained when applying the standard ADF tests which do
not account for cross-sectional dependence and thus are not appropriate under
our settings. For the empirical analysis, logarithmic transformation of depen-
dent variables shall be applied to allow for a straightforward interpretation of
regression coefficients as percentage changes.

5.3 Explanatory variables

The empirical part utilizes quarterly data on wages, unemployment, age struc-
ture representing the share of the working-age population, migration, existing
apartments per capita, Exchange Rate (ER) of RUB with Euro (EUR), USD and
a general basket of currencies, MIACR and construction cost. These variables
were selected based on the finding in previous research, data availability as well
as preliminary testing. Descriptive statistics of these are provided in Table 5.4.

However, several of these attributes are not available on a quarterly basis which
is a common issue and needs to be addressed. As already mentioned in Chap-



5. Data 32

Table 5.4: Descriptive statistics - Explanatory variables

Statistic N Mean St. Dev. Min Max

wages∗ 4,380 23,582.38 13,494.98 4,236.95 98,824.22
unemployment∗ 4,380 6.62 2.79 0.27 23.96
age structure 4,380 59.96 3.43 50.68 70.55
migration∗ 4,380 −1.49 14.65 −57.57 76.82
construction cost 4,380 31,488.47 11,783.01 8,267.68 99,831.86
m2 per person 4,380 24.03 3.25 12.56 34.19
ER index USD 60 0.34 6.66 −19.93 19.48
ER index EUR 60 0.68 6.17 −15.46 22.54
ER index basket 60 0.51 5.54 −16.78 20.31
MIACR 60 8.53 3.45 4.23 21.14

∗ seasonally adjusted

ter 4 on methodology, temporal dis-aggregation methods shall be utilized to
generate unavailable or incomplete10 time series.

Such methods have been already used in related research. For instance, the
widely cited work of Égert & Mihaljek (2007) applied temporal dis-aggregation
to generate quarterly observations by linear interpolation or by averaging monthly
observations. This work aims to utilize indicator series (if available) to estimate
more relevant quarterly series for poorly populated explanatory variables that
have been found to be significant housing price determinants. Should indicator
series not be available, linear extrapolation shall be applied. The list of all
variables including description, measurement units, applied transformations,
and sources is given in Table B.1.

Wages are a widely used variable that has been proven to determine residen-
tial prices (Kholodilin & Ulbricht 2015). It serves as a leading indicator of
wealth and is a powerful driver of housing demand. We utilize data for average
monthly nominal wages that have been aggregated to quarterly observations.
The monthly data on a regional level are available starting from 2013 Q1. Only
yearly observations are available before this date. To obtain quarterly observa-
tions until 2012 Q4, temporal dis-aggregation of the yearly series was applied
with the use of quarterly wages for the whole of Russia as indicator series repre-
senting the quarterly wage dynamics. The series has been seasonally adjusted.

10From the time point of view, for certain regions and/or attributes, the quarterly time
series do not strictly follow the intended analysis window
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In line with previous research on this topic as well as general economic theory,
a positive relationship between wages and apartment prices is expected.

Figure 5.3: Wages - selected regions
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Figure 5.3 presents the series for selected wealthy, mid-range, and poor regions
and is showing a growing gap between wealthy and poor regions over time.
This is confirmed by the high standard deviation observed in the descriptive
statistics in Table 5.4 as well as by the average of 23,582 RUB and maximum of
98,824 RUB for average wage suggesting an uneven distribution of wages across
the regions. The details for the evolution of average wages in all regions over the
investigated period are provided in Figure A.3. The chart shows that higher
and above-average wages are present in selected economically strong regions
such as Moscow, Kamchatka krai, Magadan oblast, Sakhalin oblast, Tyumen
oblast, and the Republic of Sakha. These regions correspond with the regions
that have been identified to have the highest apartment prices. This is in line
with our expectations.

The relationship between the unemployment rate and apartment prices was
established by Égert & Mihaljek (2007) and Kholodilin & Ulbricht (2015). It
is a labor market factor that, similarly to wages, directly affects the purchas-
ing power of households. An analysis conducted by Égert & Mihaljek (2007)
revealed a significant negative correlation between the unemployment rate and
property prices. The data for the unemployment rate until 2009 is available
only on yearly basis. However, quarterly observations for the whole of Rus-
sia are available for the required period. Hence, temporal dis-aggregation was
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applied to convert the annual unemployment rate into the quarterly frequency
with the use overall quarterly unemployment rate as the representative indica-
tor series. The final series has been adjusted for seasonality.

Figure 5.4: Unemployment - selected regions
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The summary statistics presented in Table 5.4 show that the average unem-
ployment rate over the studied period was 6.62 % and the lowest value of 0.27
% was observed in the capital city Moscow at the beginning of 2008. Even
though it grew as a consequence of the Financial Crisis, Moscow remained the
region with the overall lowest unemployment rate in the data set as can be seen
in Figure A.4 showing the unemployment rate in regions. On the other hand,
the highest unemployment rate was present in the Republic of Kalmykia, the
Republic of Altai, and the Republic of Tuva with a peak unemployment rate
of 25.5%. This is further confirmed when looking at Figure 5.4 showing the
unemployment rate evolution in selected regions.

Studies conducted by Belke & Keil (2017), Huynh-Olesen et al. (2013) and Tri-
pathi (2020) identified that working-age population is another significant de-
terminant of real estate prices. Variable age structure representing the share
of people of working-age11 over the total population in the region is utilized
in this work. The data were available on yearly basis only and no appropriate
quarterly indicator series were identified. The quarterly observations were thus
obtained using linear dis-aggregation of the yearly series.

11The working age in Russia is differing between males (16 - 59) and females (16 - 54).
These ranges were applicable until 2019
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The chart in Figure 5.5 and the grid chart in Figure A.5 that the working-age
population has been steadily decreasing across all regions until 2019 with a
potential trend reversal12. This may be an indication of the aging population
affecting the active workforce with potential impacts on the demand for hous-
ing. The share of the working population decreased from approximately 63
% in 2005 to 55 % in 2020. The largest share of the working population is
present in the northern regions such as Kamchatka krai, Magadan, Murmansk,
and Sakhalin oblast reaching 70 % share. Higher average wages likely serve as
compensation to attract citizens to work in these regions with harsh climate
conditions severely affecting standards of living. This implies a higher share of
the working population as the population is attracted primarily to work.

Figure 5.5: Age structure - selected regions
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Kalabiska & Hlavacek (2022) established the significance of migration as
a demographic factor explaining the dynamics in housing prices. Available
databases contained a variable representing migration on the regional level.
The migration coefficient is calculated as the number of immigrants moving
to or from the region divided by the average yearly population of the given
region (per 10 000 people). This variable was available only for yearly fre-
quency. Temporal dis-aggregation using quarterly migration numbers was thus
used to generate the corresponding quarterly series. The final series has been
seasonally adjusted. The migration coefficient includes people moving among

12This is however visible only at the end of the studied period and trend reversal cannot
be fully determined without having additional data
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different regions in Russia, but also immigration of foreigners. A positive rela-
tionship between the higher value of the migration coefficient and apartment
prices is expected.

Figure A.6 shows the migration dynamics in different regions. The largest
positive rates of migration can be observed in Moscow, St. Petersburg, Moscow
oblast, and Leningrad oblast whereas the highest negative rates are present in
Jewish oblast, Kamchatka krai, Murmansk oblast, Magadan oblast, and the
Republic of Kalmykia. This is further confirmed by Figure 5.6 showing the
dynamics for selected regions. The charts show rather volatile development
over time with a peak around 2013 in St. Petersburg implying a very high
inflow of citizens to this region.

Figure 5.6: Migration - selected regions

−25

0

25

50

2006Q1 2008Q1 2010Q1 2012Q1 2014Q1 2016Q1 2018Q1 2020Q1

Time

M
ig

ra
ti
o

n

Region

city_moscow

city_stpetersburg

obl_kostroma

obl_sakhalin

obl_sverdlovsk

rep_altai

rep_kalmykia

Huynh-Olesen et al. (2013) in their work emphasized and demonstrated that
constructions costs are a key supply-side factor positively affecting property
prices. For the purpose of this research, constructions costs are represented by
metrics defined as the sum of actual investment expenditures of developers per
one square meter of finished construction space during the reporting period
(irrespective of construction start dates). The data are available only on a
yearly frequency. To obtain quarterly series, linear temporal dis-aggregation
was employed.

Looking at the construction costs plotted for selected regions in Figure 5.7,
an uneven distribution is again visible with the highest costs being present in
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Moscow, St. Petersburg, Kamchatka krai, Magadan, Murmansk, and Sakhalin
oblast. Per the summary statistics, construction costs peaked at 99,831 RUB

per square meter in Moscow. The average cost across all regions was 31,488
RUB. Further insights on regional construction costs evolution are provided in
Figure A.7.

Figure 5.7: Construction cost per m2 - selected regions
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Another supply-side factor used is the existing apartment floor size per
capita. The variable m2 per person is calculated as the existing apartment
space in square meters divided by the number of permanently living popula-
tion in the region at the end of the reporting period. Due to the lack of available
data on quarterly frequency, linear dis-aggregation was applied to yearly data
to estimate quarterly series. In this case, it can be assumed that there is no
significant intra-year dynamics, and employing linear dis-aggregation is a rea-
sonable approach. Looking at Figure A.8, almost all regions show a gradually
increasing trend during the investigated period. In Moscow, the newly built
housing spaces are offset by a higher inflow of migrants from other regions as
well as countries which causes the existing apartment floor size per capita to
remain rather constant.

Additionally, Moscow and Leningrad oblast experienced a significant drop in
apartment fond in 2012 due to territorial expansion of Moscow and St. Pe-
tersburg cities which are considered as independent regions. Connecting the
information for St. Petersburg in Figure 5.8 with Figure 5.6 suggests that the
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drop in existing apartment size per capita can be also attributed to the high
immigration to this region in 2014.

Figure 5.8: m2 per person - selected regions
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Asal (2018) and Kalabiska & Hlavacek (2022) used ER index in their analyses
as an indicator of international competitiveness. The real ER index - basket is
defined as the weighted geometric average of RUB relative to the currencies of
Russia’s main trading partners. The index is adjusted for inflation. A positive
value indicates an appreciation of RUB compared to the previous period and
vice versa. Appreciation of domestic currency in relation to foreign currencies
may incentivize investment activities and consequently lead to rising property
prices. Analogically, depreciation can lead to imported goods becoming more
expensive for the domestic population which can in turn increase construction
costs. This is especially apparent if construction materials are being imported.
Additionally, the real ER index with USD and EUR are available in the data set
as other potential variables controlling for international competitiveness. All
of these are region invariant variables.

Comparing the series in Figure 5.9, the real ER - USD follows a different pat-
tern than the real ER index - basket and the real ER with EUR. Malkina &
Shchulepnikova (2012) in her analysis of the Russian real estate market high-
lights that prices of real estate properties were primarily denominated in USD

until 2004 when the new monetary policy was implemented. The reason is that
due to high fluctuations of RUB, USD was the preferred currency for real estate
transactions. These transactions were primarily conducted in cash as there was
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a lack of mortgage or other financing options. Although the regulation was in
place since 2004, the use of USD remained prominent for real estate transac-
tions (especially for high-value properties) and the switch to RUB was rather
gradual. This explains the different dynamics during the first years.

Figure 5.9: Real Effective Exchange Indices
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Variables representing market interest rate conditions such as three-month
inter-bank rate, mortgage rate, or ten-year government bond rate are often
used in the relevant literature (Belke & Keil 2017; Kalabiska & Hlavacek 2022;
Kholodilin & Ulbricht 2015). Available data contain MIACR which is a weighted
average actual rate on loans granted by Moscow banks and is one of the leading
indicators for the Russian money market. MIACR rates are calculated based
on information about deals made by credit institutions from Moscow and the
Moscow region on the inter-bank lending market. For the purpose of this thesis,
MIACR rate for a period of 31 to 90 days is taken. MIACR is an additional
macroeconomic variable and hence is region invariant.

The evolution of MIACR is available in Figure 5.10. The average rate over the
studied period was 8.5 % with two peaks in 2009 and 2015 when the rates
reached 21.1 % and 18.4 % respectively. These hikes are attributed to the
crises in 2009 and 2014 adversely affecting the economy.
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Figure 5.10: MIACR rate
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5.3.1 Stationarity analysis

Similarly, as for the dependent variables, stationarity analysis needs to be con-
ducted to identify the order of integration of employed variables, their subse-
quent treatment as well as appropriate model selection. The equivalent ap-
proach starts with validating the assumption of cross-sectional dependence for
all variables except for region invariant ones are used.

Table 5.5: Pesaran scaled LM test - explanatory variables

Statistics p-value
wages 2116.47 < 0.01***
unemployment 702.92 < 0.01***
age structure 2093.07 < 0.01***
migration 221.68 < 0.01***
m2 per person 1982.26 < 0.01***
construction cost 1684.81 < 0.01***
***-significant at 1% level, **-significant at 5% level,
*-significant at 10% level

The results of the scaled LM test in Table 5.5 confirm cross-sectional depen-
dence. For these variables, CIPS panel unit root test is conducted and standard
ADF test is utilized for region invariant variables. The results for explanatory
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variables are presented in Table 5.6 and Table 5.7. As with stationarity analy-
sis for dependent variables, the lag order was determined automatically based
on HQC. The lag order was selected between 0 and 8 lags.

Table 5.6: Panel unit-root test - explanatory variables

CIPS Lag p-value
wages −1.765 0 - 8∗ > 0.10
wages_l −1.817 0 - 8∗ < 0.01
wages_ld −3.285 0 - 8∗ < 0.01
wages −1.712 0 - 8∗ > 0.10
wages_l −2.539 0 - 8∗ 0.0899
wages_ld −3.392 0 - 8∗ < 0.01
unemp −2.437 0 - 8∗ > 0.10
unemp_d −4.123 0 - 8∗ < 0.01
unemp −2.374 0 - 8∗ > 0.10
unemp_d −4.192 0 - 8∗ < 0.01
age_structure −1.609 0 - 8∗ > 0.10
age_structure_d −2.978 0 - 8∗ < 0.01
migration −1.275 0 - 8∗ > 0.10
migration_d −3.475 0 - 8∗ < 0.01
migration −2.123 0 - 8∗ > 0.10
migration_d −3.639 0 - 8∗ < 0.01
const_cost −1.667 0 - 8∗ > 0.10
const_cost_l −1.822 0 - 8∗ > 0.10
const_cost_ld −2.158 0 - 8∗ < 0.01
m2_per_person −1.552 0 - 8∗ > 0.10
m2_per_person_d −3.630 0 - 8∗ < 0.01

∗ based on HQC

The results for price variables, i.e. wages and construction costs suggest that
both are non-stationary in levels. If logarithmic transformation is applied, the
CIPS allows rejecting the null of non-stationarity for wages whereas it cannot
be rejected for construction costs. Nevertheless, by investigating the grid plot
of logarithmic wages, growing trends and instability for selected regions can be
observed. This difference in test and visual conclusions can be attributed to the
way the alternative hypothesis is constructed. The null hypothesis states that
all individual time series are non-stationary whereas the alternative states that
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at least a portion is stationary. It would thus be safer to assume that taking
logarithmic differences would lead to stationary series. For the next steps,
logarithms of wages and constructions are used as they stabilize the series and
the regression coefficients can be easily interpreted as percentage changes.

The CIPS test results further indicate that variables for unemployment, age
structure, migration, and existing apartments are non-stationary in levels. Ap-
plying the CIPS test on differenced series allows for rejection of the null hypoth-
esis stating non-stationarity on 1% significance level.

The results of ADF test for region invariant variables provided in Table 5.7
indicate that exchange rate related variables for EUR and USD are stationary in
levels likely as a consequence of how these variables are constructed. The same
cannot be said about MIACR for which there is not sufficient evidence to reject
the null in levels suggesting MIACR is a non-stationary variable. Applying the
first differences allows us to reject the null hypothesis, however only on a 5 %
significance level.

Table 5.7: Unit-root test - region invariant variables

ADF Lag p-value
er_index_usd −5.641 4 < 0.01
er_index_eur −6.391 4 < 0.01
er_index_basket −6.490 4 < 0.01
miacr −2.693 4 0.2946
miacr_d −3.504 4 0.0490



Chapter 6

Empirical results

This chapter applies econometric methods described in Chapter 4 to the data
presented in Chapter 5.

The initial part in Section 6.1 focuses on evaluating whether the explanatory
variables are relevant for modeling apartment prices using the Granger causality
test. Section 6.2 extends the stationarity analysis results by applying relevant
co-integration tests to determine the appropriate modeling approach. The final
model and regression results are described and discussed in Section 6.3.

6.1 Granger causality

Before proceeding to model selection, it is necessary to evaluate the relevance of
variables as drivers of apartment prices. Granger (1969) causality test is thus
employed to investigate the causal relationships among the variables. This
method was for instance applied in the works of Cohen & Karpavičiūtė (2017)
and Kalabiska & Hlavacek (2022), both of which are highly relevant for this
work. The extension for panel data setting proposed by Dumitrescu & Hurlin
(2012) is utilized.

The test assumes that the evaluated variables are stationary. This means the
earlier obtained results need to be taken into consideration. First differences
are thus applied to wages, unemployment, construction cost, and MIACR before
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employing the Granger causality test. The results are provided in Table 6.1 for
the primary market and Table 6.2 for the secondary market.

Table 6.1: Granger causality test - primary market

Null hypothesis Obs. F-stat. Prob.

wages does not Granger cause price_prim 4098 131.95 0.0000∗∗∗

price_prim does not Granger cause wages 4098 436.47 0.0000∗∗∗

unemployment does not Granger cause price_prim 4098 12.84 0.0003∗∗∗

price_prim does not Granger cause unemployment 4098 6.87 0.0088∗∗∗

const_cost does not Granger cause price_prim 4098 124.68 0.0000∗∗∗

price_prim does not Granger cause const_cost 4098 162.57 0.0000∗∗∗

er_index_basket does not Granger cause price_prim 4098 2.55 0.1104
price_prim does not Granger cause er_index_basket 4098 9.58 0.0020∗∗∗

er_index_eur does not Granger cause price_prim 4098 2.38 0.1230
price_prim does not Granger cause er_index_eur 4098 17.72 0.0000∗∗∗

er_index_usd does not Granger cause price_prim 4098 34.68 0.0000∗∗∗

price_prim does not Granger cause er_index_usd 4098 21.31 0.0000∗∗∗

miacr does not Granger cause price_prim 4098 27.69 0.0000∗∗∗

price_prim does not Granger cause miacr 4098 42.13 0.0000∗∗∗

∗∗∗-significant at 1% level, ∗∗-significant at 5% level, ∗-significant at 10% level

The results show that wages, unemployment, construction cost and MIACR are
causal determinants of apartment prices. Additionally, the test indicates a
mutually causal relationship between apartment prices and construction costs.
This is expected as construction costs are a major input for the supply of
new apartments. The same applies to wages and unemployment and can be
attributed to the fact that housing is an inherent part of peoples’ lives. This can
be taken as a possible explanation of the two-way causal relationship between
apartment prices and these demand-side variables.

Moreover, the test suggests that apartment prices cause MIACR rate. However,
the Granger causality test requires intuition and a logical approach before mak-
ing any conclusions. In this case, it does not seem plausible that MIACR could
be determined by residential apartment prices, especially given its definition
(refer to Section 5.3).

Furthermore, the results suggest that ER index - USD Granger causes apart-
ment prices whereas the causal effects of ER index - basket and ER index - EUR
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Table 6.2: Granger causality test - secondary market

Null hypothesis Obs. F-stat. p-value

wages does not Granger cause price_prim 4234 116.23 0.0000∗∗∗

price_prim does not Granger cause wages 4234 440.52 0.0000∗∗∗

unemployment does not Granger cause price_prim 4234 19.23 0.0000∗∗∗

price_prim does not Granger cause unemployment 4234 8.31 0.0040∗∗∗

const_cost does not Granger cause price_prim 4234 53.96 0.0000∗∗∗

price_prim does not Granger cause const_cost 4234 17.91 0.0000∗∗∗

er_index_basket does not Granger cause price_prim 4234 2.65 0.0904∗

price_prim does not Granger cause er_index_basket 4234 22.63 0.0000∗∗∗

er_index_eur does not Granger cause price_prim 4234 2.60 0.0983∗

price_prim does not Granger cause er_index_eur 4234 29.64 0.0000∗∗∗

er_index_usd does not Granger cause price_prim 4234 57.38 0.0000∗∗∗

price_prim does not Granger cause er_index_usd 4234 50.72 0.0000∗∗∗

miacr does not Granger cause price_prim 4234 24.93 0.0000∗∗∗

price_prim does not Granger cause miacr 4234 56.34 0.0000∗∗∗

∗∗∗-significant at 1% level, ∗∗-significant at 5% level, ∗-significant at 10% level

variables on apartment prices are not identified. In this case, ER index - USD

creates more pressure on the residential property prices as compared to other
currencies. This seems plausible given the importance of USD for mortgages
prior to the crisis in 2008 as highlighted in Chapter 5. The results are compa-
rable for both primary and secondary markets. Hence, for the following steps,
ER index USD shall be utilized.

6.2 Co-integration

In preceding Chapter 5, the stationarity analysis was conducted for all de-
pendent and explanatory variables with all being non-stationary except for ER

index variables1. Following the methodological approach outlined in Chapter 4,
one can either employ the first difference transformation of the non-stationary
variables and use standard panel data models or evaluate whether the variables

1The variables are constructed in a way that resembles applying the first difference trans-
formation which may contribute to their stationary result
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are co-integrated and if yes, utilize more sophisticated models such as PDOLS

for estimating the long-run relationships.

Table 6.3: Kao co-integration test

Primary market Secondary market
Null hypothesis t-Stat. Prob. t-Stat. Prob.
No co-integration -17.8322 0.0000∗∗∗ -13.4425 0.0000∗∗∗

∗∗∗-significant at 1% level, ∗∗-significant at 5% level,
∗-significant at 10% level

To evaluate co-integration among variables, the test proposed by Kao (1999)
is applied to the full set of non-stationary dependent and explanatory vari-
ables, i.e. all except for ER index variables. The test is applied separately to
the primary and secondary markets. The full set thus includes log(price pri-
mary market) or log(price secondary market), log(wages), unemployment, age
structure, migration, m2 per person, log(construction cost), and MIACR. The
results are presented in Table 6.3. The null hypothesis of no co-integration can
be rejected on a 1 % significance level in both cases implying the variables are
co-integrated.

Table 6.4: Johansen panel co-integration test

Primary market Secondary market
Null hypothesis F-stat. Prob. F-stat. Prob.
None 2423.0 0.0000∗∗∗ 2821.0 0.0000∗∗∗

At most 1 1597.0 0.0000∗∗∗ 1500.0 0.0000∗∗∗

At most 2 948.0 0.0000∗∗∗ 828.2 0.0000∗∗∗

At most 3 592.8 0.0000∗∗∗ 490.2 0.0000∗∗∗

At most 4 323.7 0.0000∗∗∗ 294.2 0.0000∗∗∗

At most 5 207.0 0.0080∗∗∗ 207.9 0.0006∗∗∗

At most 6 167.0 0.1324 171.9 0.0704∗

At most 7 203.4 0.0008∗∗∗ 197.3 0.0030∗∗∗

∗∗∗-significant at 1% level, ∗∗-significant at 5% level,
∗-significant at 10% level

The limitation of the Kao co-integration test is that it does not allow for the
identification of the number of co-integrating relationships in the evaluated
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set. To find the specific number of co-integrated variables, co-integration test
proposed by Johansen (1995) was employed. The test results are given in
Table 6.4 and suggest at least six co-integrating relationships. This is based
on the fact that there is not enough evidence to reject the null hypothesis of at
most six co-integrating relationships at the generally accepted 5 % significance
level in both primary and secondary market sets.

The co-integration testing results suggest it is appropriate to utilize PDOLS

to estimate the relationship between apartment prices and the explanatory
variables in the long run. The short-run dynamics shall be modelled using
ECM as outlined in Chapter 4 on methodology.

6.3 Model specification and results

To determine the final model, this work follows the proven approach applied in
the relevant literature. Égert & Mihaljek (2007), Huynh-Olesen et al. (2013)
and Kalabiska & Hlavacek (2022) started by estimating the restricted baseline
model and applied a forward step-wise approach to identify the final model.
This procedure iteratively extends the baseline model with additional variables
and, during each iteration, evaluates the significance of the variables. If signif-
icant, the variable is added to the model, otherwise is excluded. To validate
that the appropriate variables were selected, a backward step-wise approach
was employed by adding all variables to the model first and gradually exclud-
ing the insignificant ones until the final model was identified.

R and Eviews were utilized as statistical software to perform the empirical
analysis. The PDOLS model utilized pooled weighted estimation method which
accounts for individual heterogeneity (Mark & Sul 2003). The lag order was
determined automatically based on the HQC. Newley-West method was used to
calculate the heteroskedasticity and auto-correlation corrected standard errors.

The starting point is thus a simple baseline model containing log(wages), un-
employment, and age structure as key variables determining apartment prices
on the primary and secondary markets. Table B.2 presents estimated results
of such model using different methods from standard panel FE and RE models
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to dynamic panel models such as PDOLS, FMOLS, and ARDL2. The estimated
coefficients are significant at a 1 % significance level in all considered models,
have expected coefficient signs, and are consistent across the models.

The Hausman test was employed to decide between FE or RE model speci-
fication. The results in Table 6.5 suggest that the one-way FE estimator is
the appropriate specification for the considered data set. Nevertheless, as the
FE and RE models are estimated using non-stationary variables (i.e. without
applying the first difference transformation), the results might be subject to
spurious regression problem leading to biased estimates. Looking at the re-
sults, the FE and RE estimates are similar to those of dynamic models both
in terms of value and significance. This might be due to having a relatively
large cross-sectional and time-series dimension mitigating the bias (Phillips &
Moon 2000). Regardless, the dynamic models are more appropriate under this
setting and shall be used going forwards.

Table 6.5: Hausman test

Primary market Secondary market
Null hypothesis χ2-Stat. p-value χ2-Stat. p-value
Cross-sectional random 184.390 0.0000∗∗∗ 13.564 0.0036∗∗∗

∗∗∗-significant at 1% level, ∗∗-significant at 5% level,
∗-significant at 10% level

The baseline model is also estimated using FMOLS and ARDL estimators as
an additional layer of robustness checking. The results are not significantly
different across the models and are robust to varying model specifications.
Following the modeling approach outlined in Chapter 4, the primary model for
coefficient interpretation shall henceforth be PDOLS.

Given that the logarithmic transformation was applied for the apartment prices
as well as wages, the estimated coefficients can be interpreted as follows. If the
wages rise by 1 %, ceteris paribus, apartment price per square meter will rise
by 0.76 %. This holds for both primary and secondary markets. The posi-
tive relationship is in line with the expectations as wages represent household
income and hence purchasing power.

2The model specification was automatically determined by the statistical software as
ARDL(1,1,1,1)
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The coefficient for unemployment indicates that a one percentage point increase
in the unemployment rate would, ceteris paribus, cause apartment prices to de-
crease by 1.9 % in the primary market and by 2.3 % in the secondary market.
Higher unemployment negatively affects the economic situation in a given re-
gion, results in lower economic output, and causes distress for the affected
population. In turn, this results in apartment price reduction. The estimated
effect is thus in line with our expectations.

The remaining coefficient for the working-age population in the baseline model
can be interpreted in the following way. If the share of the working-age popu-
lation decreases by one percentage point, ceteris paribus, the apartment price
decreases by 5.3 % in both primary and secondary markets. This effect is
plausible as with a falling share of the working-age population, the number
of solvent people, who might purchase apartments, is reducing. Consequently,
apartment prices decrease due to the lower demand. As outlined in Chapter 5
on data, population aging effects have been steadily lowering the share of the
working population across all regions over the investigated period with poten-
tial trend change in 2019. However, it is too early to evaluate whether this is
a mere fluctuation from the trend or its real reversal.

Comparing the baseline model results between primary and secondary markets
shows that the coefficients are essentially equivalent. This means that without
including other factors in the model, wages, unemployment, and the working-
age population affect the primary and secondary markets in the same way.
Nevertheless, market prices are subject to a broader set of effects in reality
and might follow different dynamics in the primary and secondary markets.
Therefore, the next part of the research focuses on specifying the final model
for each market separately.

6.3.1 Regression results - primary market

This section focuses on identifying the determinant of apartment prices in the
primary market. As outlined above, the baseline model is iteratively extended
with additional explanatory variables to determine the final model. The added
value of each variable is determined based on its significance and whether the
sign and magnitude of the coefficient are in line with economic theory as well as
previous research. The results of the step-wise estimation approach are given
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in Table 6.6 for models labeled as PDOLS (1.1), being the baseline model
estimated above, to PDOLS (1.8) being the final model selected for primary
market apartment prices.

Table 6.6: PDOLS model regression outputs - primary market

PDOLS PDOLS PDOLS PDOLS PDOLS PDOLS PDOLS PDOLS
(1.1) (1.2) (1.3) (1.4) (1.5) (1.6) (1.7) (1.8)

log(wages) 0.7601 0.7600 0.7586 0.3615 0.7593 0.7503 0.4184 0.3881
(0.0042) (0.0041) (0.0097) (0.01888) (0.0042) (0.0041) 0.0231 (0.0182)

∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗

unemployment -0.0190 -0.0154 -0.0167 -0.0197 -0.0191 -0.0229 -0.0198 -0.0186
(0.0019) (0.0019) (0.0020) (0.0018) (0.0019) (0.0019) (0.0022) (0.0019)

∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗

age structure 0.0529 0.0525 0.0530 0.0315 0.0530 0.0534 0.0330 0.0324
(0.0008) (0.0008) (0.0008) (0.0012) (0.0008) (0.0008) (0.0015) (0.0012)

∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗

migration 0.0034 0.0022 0.0022
(0.0004) (0.0005) (0.0004)

∗∗∗ ∗∗∗ ∗∗∗

m2 per person -0.0010 -0.0014
(0.0028) (0.0009)

∗

log(const. cost) 0.5073 0.4509 0.4666
(0.0234) (0.0285) (0.0228)

∗∗∗ ∗∗∗ ∗∗∗

ER index USD -0.0013 0.0018 0.0018
(0.0007) (0.0007) (0.0007)

∗ ∗∗ ∗∗

MIACR 0.0112 0.0090 0.0100
(0.0009) (0.0011) (0.0010)

∗∗∗ ∗∗∗ ∗∗∗

ECT -0.068 -0.068 -0.072 -0.081 -0.069 -0.068 -0.074 -0.075
(0.005) (0.006) (0.006) (0.007) (0.005) (0.006) (0.08) (0.007)

∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗

Observations 4158 4157 4150 4143 4164 4156 4096 4114
Adjusted R2 0.8521 0.8583 0.8714 0.8991 0.8520 0.8644 0.9101 0.9068

∗∗∗-significant at 1% level, ∗∗-significant at 5% level, ∗-significant at 10% level

Migration variable was added to the model PDOLS (1.2) in the initial iteration.
The detailed output is available in Table 6.6. The coefficient for migration is
positive and significant at a 1 % significance level. This means that positive
migration to the region implies increasing apartment prices and vice versa.
This is matching with economic theory and relevant research with migration
increasing population and, in turn, causing higher demand for housing.



6. Empirical results 51

The next step added m2 per person representing the area of existing apart-
ments in the given region per capita. The corresponding coefficient in regres-
sion output labeled PDOLS (1.3) is negative, suggesting that the rising area
of existing apartments per capita reduces their average prices. High values
can be viewed as an excess supply of apartments pushing prices down. This
is following economic theory and our expectations. The coefficient is of small
magnitude without having a practical impact on apartment prices and is not
significant even at a 10 % significance level. Hence, it will be excluded from
the final model for the primary market.

Construction costs are a variable that could affect apartment prices, especially
in the primary market. The estimated coefficient in output labeled PDOLS

(1.4) is significant on a 1 % significance level and has a positive sign, implying
that rising construction costs drive apartment prices up. Adding construction
costs to the model significantly affected the coefficient for wages, which reduced
considerably, suggesting a high correlation among these variables. Additionally,
this implies that the effect of wages was distorted in the baseline model. The
coefficient significance for wages remained unchanged, and hence both wages
and construction costs enter the final model.

As a next step, a region invariant variable representing ER index USD was added
to the model labeled as PDOLS (1.5) with a negative sign for the estimated co-
efficient. This means that depreciation of RUB compared to USD will increase
apartment prices. The economic reasoning is that the depreciation of RUB, as
opposed to other currencies, will make imports more expensive, drive up costs
for construction materials and, in turn, lead to an increase in apartment prices.
The same was identified by Kalabiska & Hlavacek (2022). The variable is signif-
icant on a 10 % significance level only but will be kept in the next interactions
to evaluate whether additional variables do not change its significance.

The last explanatory variable added to the model is another region-invariant
variable MIACR. The coefficient available in regression output labeled as PDOLS

(1.6) suggests that an increase in interest rates positively affects apartment
prices on the primary market. This might seem counter-intuitive as an increase
in interest rates generally reduces cheap financing and makes property financing
less attractive. However, the same results have been identified in the work of
Belke & Keil (2017). A potential explanation is that such high-interest rates
might coincide with a period of high inflation, prompting citizens to hedge
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against it by investing in property ownership.

Model PDOLS (1.7) contains all explanatory variables in the data set. Applying
the backward step-wise approach thus results in the same final model labeled as
PDOLS (1.8) as the variable m2 per person is not significant at a 5 % significant
level and is hence dropped from the model.

The final model for the primary market denoted as PDOLS (1.8) contains
log(wages), unemployment, age structure, migration, log(construction costs),
ER index - USD and MIACR rate. All variables are significant at a 1 % signifi-
cance level except for ER index - USD which is significant at a 5 % significance
level. The variables having the highest effect on apartment prices in absolute
value are wages and construction costs. The magnitude of the wages coeffi-
cient however substantially decreased after the addition of construction costs
to the model. The results suggest that an increase in wages by 1 % will, ceteris
paribus, cause a 0.39 % increase in apartment prices on the primary market.
Similarly, an increase in construction costs by 1 % will, ceteris paribus, lead to
a 0.47 % apartment price hike.

One may notice that the coefficient for age structure and migration reduced
in magnitude with the addition of other variables as compared to the baseline
model. This is likely a consequence of having a more complex model covering
a wider set of effects. The estimated coefficient for age structure in the final
model suggests that if the share of the working-age population is reduced by
one percentage point, the apartment prices will decrease by 3.2 %. The coeffi-
cient for migration implies that an increase of the migration coefficient by one
percentage point will, ceteris paribus, result in apartments getting pricier by
0.2 %.

The coefficients for unemployment and MIACR have similar signs and magni-
tudes as in the preceding iterative models. The coefficient for unemployment
shows that a one percentage point rise in the unemployment rate causes a 1.9
% increase in apartment prices. Equivalently, if MIACR rate rises by one per-
centage point, the ceteris paribus effect is a 1 % rise in apartment prices on the
primary market

The coefficient for ER index - USD changed its sign in the final model and
became significant as opposed to the previous iterations. The effect can be in-
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terpreted as one percentage point appreciation of RUB results in approximately
0.2 % rise in apartment prices. This can be attributed to the economic cy-
cle and potentially higher competitiveness driving up prices. Regardless, the
magnitude of the effect is relatively small and hence it is not a key driver of
apartment prices.

The above results from PDOLS models are portraying the long-run relationships.
To investigate the short-run dynamic, ECM is employed for all model specifica-
tions. ECT is calculated using lagged residuals from the respective model. The
estimated ECT is presented in the lower part of Table 6.6 and is significant at
a 1 % significance level across all model specifications. ECT values range from
-0.068 to -0.081. This means that apartment prices converge to their long-run
equilibrium following market shocks. The final model has ECT value of -0.075,
implying that after a shock, there is on average 7.5 % adjustment every quarter
towards the long-run equilibrium state of apartment prices. The results are in
line with previous research and our expectations.

6.3.2 Regression results - secondary market

The equivalent approach was applied to determine the final model for the sec-
ondary market and hence only the key differences are highlighted. The results
are presented in Table 6.7 and differ from the primary market results mainly
in two variables representing the number of existing apartments and ER index.

The model labeled PDOLS (2.3) was extended with the variable m2 per person.
In contrast with the primary market, the estimated coefficient is significant at a
1 % significance level3, is negative, and of higher magnitude. The relationship
can be interpreted as if there is a rise in the existing apartment floor area,
it will result in the reduction of apartment prices on the secondary market.
Specifically, if the m2 per person increases by one square meter per capita,
ceteris paribus, apartment prices on the secondary market will decrease by
approximately 2 %.

ER index - USD was added in the model labeled PDOLS (2.5) and was significant
at a 5 % significance level resulting in its addition to the model represented by

3The variable in the preceding model, for the primary market prices, was not significant
even at a 10 % significance level and was omitted from the final model
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PDOLS (2.7). However, when ER index - USD is added to a model containing
all remaining explanatory variables, it becomes insignificant. This may be a
consequence of having more variables in the model leading to higher estimator
variance. This results in its omission from the new final model labeled as PDOLS

(2.8).

Table 6.7: PDOLS model regression outputs - secondary mar-
ket

PDOLS PDOLS PDOLS PDOLS PDOLS PDOLS PDOLS PDOLS
(2.1) (2.2) (2.3) (2.4) (2.5) (2.6) (2.7) (2.8)

log(wages) 0.7616 0.7636 0.8071 0.4064 0.7580 0.7486 0.5093 0.4852
(0.0048) (0.0043) (0.0106) (0.0209) (0.0047) (0.0046) (0.0220) (0.0209)

∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗

unemployment -0.0230 -0.01504 -0.0250 -0.0232 -0.0229 -0.02427 -0.0242 -0.0252
(0.0020) (0.0019) (0.0022) (0.0020) (0.0021) (0.0021) (0.0021) (0.0020)

∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗

age structure 0.0531 0.0518 0.0533 0.0332 0.0536 0.0533 0.0333 0.0325
(0.0009) (0.0008) (0.0009) (0.0014) (0.0009) (0.0009) (0.0014) (0.0013)

∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗

migration 0.0064 0.0043 0.0040
(0.0004) (0.0004) (0.0004)

∗∗∗ ∗∗∗ ∗∗∗

m2 per person -0.0201 -0.0273 -0.0273
(0.0030) (0.0028) (0.0027)

∗∗∗ ∗∗∗ ∗∗∗

log(const. cost) 0.4552 0.4103 0.4398
(0.0260) (0.0269) (0.02536)

∗∗∗ ∗∗∗ ∗∗∗

ER index USD -0.0017 0.0012
(0.0008) (0.0008)

∗∗

MIACR 0.0143 0.0109 0.0106
(0.0010) (0.0010) (0.0009)

∗∗∗ ∗∗∗ ∗∗∗

ECT -0.059 -0.060 -0.062 -0.065 -0.060 -0.055 -0.052 -0.054
(0.006) (0.006) (0.006) (0.007) (0.006) (0.06) (0.008) (0.008)

∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗

Observations 4285 4286 4274 4266 4294 4283 4250 4250
Adjusted R2 0.8264 0.8414 0.8626 0.8478 0.8227 0.8371 0.9099 0.9144

∗∗∗-significant at 1% level, ∗∗-significant at 5% level, ∗-significant at 10% level

The final model for the secondary market thus contains log(wages), unemploy-
ment, age structure, m2 per person, log (construction costs), and MIACR. All
regression coefficients are significant at a 1 % significance level. Wages and
construction costs are the core determinants of apartment prices in line with
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the primary market results. However, there is a change in their coefficient
magnitudes with the coefficient for wages being higher than the coefficient for
construction costs. The results suggest that a 1 % increase in wages, ceteris
paribus, results in a 0.49 % increase in apartment prices and a 1 % increase in
construction costs, in a 0.44 % increase in apartment prices on the secondary
market. This is plausible as construction costs are likely more important for
determining prices of newly constructed apartments rather than of the existing
ones. Hence, construction costs’ relative importance decreased as compared to
wages on the secondary market.

The effect of age structure and MIACR does not significantly differ in both
primary and secondary markets as evidenced by similar estimated coefficient
values. The magnitude of the coefficient for unemployment and migration is
higher in the secondary market, suggesting these variables have a higher effect
on the prices of existing apartments as compared to newly built ones. If the
unemployment rate rises by one percentage point, then the apartment prices
will reduce by 6.6 %. An increase in the migration coefficient of one percentage
point increases the apartment prices by 0.4 %. The last variable in the model
is m2 per person and can be interpreted as follows. If the existing area of
apartments per capita increases by one square meter, then the apartment prices
will reduce by 2.7% on the secondary market.

Short-run dynamics are again captured using ECM. The corresponding ECT is
significant at a 1 % significance level, is negative, and ranges from -0.052 to
-0.065 with -0.054 in the final model. This implies that the prices will revert
to their long-run equilibrium states by 5.4 % on average every quarter on the
secondary market. The speed of conversion to the equilibrium states is thus
lower than in the case of the primary market.

6.3.3 Regression results - region subsamples

The used data set contains a large number of cross-sections representing dif-
ferent regions with heterogeneous demographics, economic environments, and
market developments. It is thus of importance to investigate whether the above-
identified results hold for regional subsamples. To check for robustness, the
data set, containing 73 cross-sections representing individual regions, was split
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into several groups based on their wealth. These wealthiest regions may be
considered outliers and could distort the results.

Table 6.8: PDOLS regression outputs - region subsamples

Dependent variable:
log(prices primary market) log(prices secondary market)

all group 1 group 2 wealthy all group 1 group 2 wealthy
log(wages) 0.3881 0.3329 0.3656 0.6211 0.4852 0.4469 0.4707 0.8855

(0.0182) (0.0182) (0.0184) (0.0715) (0.0209) (0.0219) (0.0220) (0.0228)
∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗

unemployment -0.0186 -0.0150 -0.0161 -0.0870 -0.0252 -0.0224 -0.0249 -0.0481
(0.0019) (0.0020) (0.0019) (0.0081) (0.0020) (0.0021) (0.0021) (0.0108)

∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗

age structure 0.0324 0.0294 0.0316 0.0484 0.0325 0.0327 0.0342 0.0440
(0.0012) (0.0013) (0.0013) (0.0043) (0.0013) (0.0014) (0.0014) (0.0032)

∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗

migration 0.0022 0.0012 0.0013 0.0040 0.0033 0.0028 0.0115
(0.0004) (0.0004) (0.0004) (0.0004) (0.0004) (0.0004) (0.0010)

∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗

m2 per person -0.0273 -0.0215 -0.0238 -0.0431
(0.0027) (0.0031) (0.0030) (0.0065)

∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗

log(const. cost) 0.4666 0.5334 0.4909 0.1775 0.4398 0.4582 0.4257
(0.0228) (0.0228) (0.0232) (0.0870) (0.0254) (0.0262) (0.0261)

∗∗∗ ∗∗∗ ∗∗∗ ∗∗ ∗∗∗ ∗∗∗ ∗∗∗

ER index USD 0.0018 0.0021 0.0022
(0.0007) (0.0007) (0.0007)

∗∗ ∗∗∗ ∗∗∗

MIACR 0.0100 0.0101 0.0100 0.0172 0.0106 0.0109 0.0108 0.0187
(0.0010) (0.0010) (0.0010) (0.0035) (0.0009) (0.0009) (0.0009) (0.0037)

∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗

ECT -0.075 -0.087 -0.098 -0.063 -0.054 -0.062 -0.064 -0.071
(0.007) (0.008) (0.009) (0.018) (0.008) (0.009) (0.010) (0.015)

∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗

Observations 4114 3773 3655 486 4250 3902 3670 586
Adjusted R2 0.9068 0.8920 0.9068 0.8509 0.9144 0.8874 0.9120 0.9008

∗∗∗-significant at 1% level, ∗∗-significant at 5% level, ∗-significant at 10% level
group 1: excluding Moscow, St. Petersburg, Primorskiy krai, Sakhalin oblast, Moscow oblast
and Republic of Sakha
group 2: excluding wealthy regions listed below
wealthy: including Moscow, St. Petersburg, Primorskiy krai, Sakhalin oblast, Moscow oblast,
Republic of Sakha, Magadan oblast, Murmansk oblast, Kamchatka krai and Tyumen oblast

The outlier group contains six regions - Moscow, St. Petersburg, Primorskiy
krai, Sakhalin oblast, the Republic of Sakha, and Moscow oblast as these have
the highest apartment prices in the sample. Except for Primorskiy krai, these
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regions also exhibit above-average wages. The group was extended by four
additional regions - Magadan oblast, Murmansk oblast, Kamchatka krai, and
Tyumen oblast because these regions belong to the ones with the highest wages.
The final outlier group thus contains ten regions. These regions reach up to
four times the average wages in the sample.

The results are provided in Table 6.8, showing regressions results ran on four
different samples for each dependent variable. In order to allow for easy com-
parison, the first output labeled as "all" is the final model on the full sample
and corresponds to PDOLS (1.8) in Table 6.6 and PDOLS (2.8) in Table 6.7. The
regression output labeled as "group 1" is the full sample with the exclusion of
the six regions with the highest apartment prices. Output "group 2" excludes
the four additional regions with the highest wages. The last output labeled as
"wealthy" contains only the ten regional outliers.

Comparing the results of the original model with subsamples for "group 1" and
"group 2", the coefficients do not differ extensively while being significant at a 1
% significance level. This implies that outliers in the sample do not distort the
previously identified results. The ECT is higher for "group 2" suggesting that
the conversion to long-run equilibrium relationships is faster after the exclusion
of outliers.

The models for subsamples were determined using the same approach as for
the full sample model. An interesting finding is that for the group of wealthy
regions, construction costs are not as important as for the other regions. On the
primary market, the coefficient is almost three times smaller and is significant at
a 5 % significance level whereas, on the secondary market, it is not significant at
all. Additional insight is provided by looking at the coefficient for migration for
the wealthy regions. Migration is insignificant in the primary market whereas,
in the secondary market, the coefficient is almost three times higher than in
the case of the full sample model. This may suggest that migrants prefer
existing and furnished apartments which are ready for living without additional
investments and work. New apartments in Russia are generally being sold in a
state of no furnishing without flooring and inner plastering. This thus requires
additional investments4, time, and effort making the overall apartment cost
higher than in the case of the secondary market.

4These additional costs are not reflected in the average price per apartment. Nevertheless,
they are an inherent part of the overall apartment price
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The regression for wealthy regions has significantly higher coefficients for wages,
unemployment, and age structure as compared to full sample models. This
implies that apartment prices are driven mainly by demand-side factors in the
long run. Additionally, the coefficient for MIACR is higher, which is in line with
the discussion hypothesizing that higher MIACR is a mere consequence of the
economic environment. This would explain why this effect is higher in wealthy
regions.

6.3.4 Regression results - period subsamples

Russia faced two crises5 in 2008 and 2014. The period was thus split into three
subsamples to capture the effect of these crises on apartment price determi-
nants. The first subsample covers the period preceding the Financial Crisis
including observations from 2005 Q1 until 2008 Q3, the second one follows
with the period between the two crises and contains data from 2008 Q4 until
2014 Q2. The last period covers the period after the Crimea annexation and
spans from 2014 Q3 until the end of the sample in 2019 Q4.

The results presented in Table 6.9 suggest that the crisis in 2008 triggered a
significant change in the determinants of apartment prices. The output using
data preceding this crisis shows m2 per person to be significant and with a
positive sign. This is in line with the booming real estate market during that
time. Additionally, ER index - USD is significant during this period and has
a relatively large effect and negative sign. This supports the hypothesis of
the USD being linked to the real estate market at that time. The coefficient
implies that appreciation of RUB by one percentage point would lead to a 1.3 %
reduction in new apartment prices. Migration has the largest coefficients during
the period until 2008, but either becomes insignificant or is of considerably
smaller magnitude in the following periods.

In general, the results on the period right before and after the crisis in 2014 do
not indicate significant differences in apartment price determinants. However,
the results for subperiods are merely indicative because the short time dimen-
sion is approaching the limitations of the utilized methods. Further research
would need to be conducted to confirm our findings.

5The details on those are provided in Chapter 2
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Table 6.9: PDOLS regression outputs - period subsamples

Dependent variable:
log(prices primary market) log(prices secondary market)

2005Q1 2005Q1 2008Q4 2014Q3 2005Q1 2005Q1 2008Q4 2014Q3
- - - - - - - -

2019Q4 2008Q3 2014Q2 2019Q4 2019Q4 2008Q3 2014Q2 2019Q4
log(wages) 0.3881 0.7056 0.5264 0.5726 0.4852 0.5946 0.7536 0.4605

(0.0182) (0.0352) (0.0242) (0.0231) (0.0209) (0.0445) (0.0185) (0.0272)
∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗

unemployment -0.0186 -0.0187 -0.0252
(0.0019) (0.0026) (0.0020)

∗∗∗ ∗∗∗ ∗∗∗

age structure 0.0324 0.0127 0.0405 0.0325 0.0202 0.0169 0.0428
(0.0012) (0.0023) (0.0018) (0.0013) (0.0046) (0.0019) (0.0022)

∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗

migration 0.0022 0.0043 0.0012 0.0040 0.0086 0.0014
(0.0004) (0.0005) (0.0003) (0.0004) (0.0007) (0.0004)

∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗

m2 per person 0.0169 0.0049 -0.0273 0.0118
(0.0043) (0.0024) (0.0027) (0.0038)

∗∗∗ ∗∗ ∗∗∗ ∗∗∗

log(const. cost) 0.4666 0.3442 0.4459 0.2304 0.4398 0.3224 0.2064 0.3285
(0.0228) (0.0324) (0.0305) (0.0265) (0.0254) (0.0328) (0.0224) (0.0328)

∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗

ER index USD 0.0018 -0.0126 0.0045 0.0060
(0.0007) (0.0027) (0.0012) (0.0011)

∗∗ ∗∗∗ ∗∗∗ ∗∗∗

MIACR 0.0100 0.0159 0.0072 0.0106 0.0183 0.0133
(0.0010) (0.0014) (0.0008) (0.0009) (0.0012) (0.0012)

∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗

ECT -0.075 -0.087 -0.098 -0.063 -0.054 -0.062 -0.064 -0.071
(0.007) (0.008) (0.009) (0.018) (0.008) (0.009) (0.010) (0.015)

∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗

Observations 4114 952 1646 1540 4250 1022 1679 1533
Adjusted R2 0.9068 0.9177 0.9446 0.9407 0.9144 0.9402 0.9229 0.9577

∗∗∗-significant at 1% level, ∗∗-significant at 5% level, ∗-significant at 10% level
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6.3.5 Limitations and implications for further research

Several limitations in our work imply the next steps for further research. Firstly,
multiple variables were not available on a quarterly frequency. To overcome
this, temporal dis-aggregation of the yearly data was employed either using
indicator series or, if such series was unavailable, by linear extrapolation. Such
treatment may remove a certain share of valuable information from the data
and adversely affect the estimated results. Future works should aim to obtain
a higher quality quarterly data allowing for detailed analysis.

Secondly, the span of our data was relatively short to properly investigate the
impact of the crises in 2008 and 2014 and to evaluate whether the market was
subject to bubbles. This might be the cause why our results did not identify
significant changes in determinants over time. A longer time series dimen-
sion would allow future works to validate our findings and permit a thorough
investigation of market bubbles.

Thirdly, our results show that apartment prices are driven by demand-side
factors with the wages being the most significant driver. The results of Ovsian-
nikova et al. (2018) show that the actual need for housing in Russia significantly
exceeds the demand for residential housing. This is caused by low housing af-
fordability for the low-income population, representing a relatively large share
of the Russian citizens. Future research should thus focus on investigating an
effective housing policy. The goal of policymakers should be to bring afford-
able housing to the people in need without artificially inflating the supply of
apartments.

Last, but not least, the identified determinants and their sizes might signifi-
cantly change in response to the war between Ukraine and Russia that began in
early 2022. The related sanctions, imposed by multiple countries, are severely
affecting the Russian economy. Hence, such sanctions will likely impact the
identified housing price determinants. It would thus be of interest to investi-
gate how this conflict affects the apartment price determinants.



Chapter 7

Conclusion

This work aimed to identify the leading determinants of apartment prices in
Russia. We used an unbalanced panel with quarterly observations from 2005
to 2019, containing various supply-side, demand-side, demographic, and other
macroeconomic variables across 73 regions. Prices on the primary and sec-
ondary markets were employed as dependent variables providing additional
details for determinants of new and existing apartments. The variables were
co-integrated, prompting to use PDOLS as the core model to estimate the long-
run relationships. ECM was utilized to investigate the short-run dynamics.

The Russian real estate market and its price determinants have not been ex-
tensively investigated. The existing research has focused on specific regions
only and has not reflected macroeconomic variables. Unlike the existing liter-
ature on the topic, we analyzed data from almost all regions, allowing us to
evaluate the determinants on regional and national levels. Employing a wide
range of macro and microeconomic variables permitted us to assess the impact
of adverse events on the economy.

There is currently no unified housing policy in place, only selected regional
policies have been implemented with mixed results (Guzikova et al. 2017).
The identified results could thus help policymakers define effective regulation
that would solve pressing issues with low housing availability for the socially
disadvantaged population. Nevertheless, due to the complex nature of the real
estate market, further research would be required. Our results could serve as
a baseline for such research.
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Wages and construction costs were identified as core determinants of apartment
prices in the primary and secondary markets. Construction costs were the dom-
inant determinant in the primary market, whereas wages were the key driver of
apartment prices in the secondary market. Such a finding is plausible as con-
struction costs are likely more important for determining apartment prices of
newly constructed apartments rather than the existing ones. Unemployment,
age structure, and migration were identified as additional determinants for
apartment prices in both markets. Interestingly, ER index - USD was found to
positively affect new apartment prices. Nevertheless, the effect is small and can
be attributed to economic cycle specifics and potential higher competitiveness
driving up prices. Negative ECT coefficient implied that apartment prices tend
to revert back to their long-term equilibrium following market shocks. The ro-
bustness of our results was confirmed by running the regression on subsamples
excluding the top wealthy regions.

Additional insights were obtained by analyzing determinant evolution for the
top ten wealthiest regions. Interestingly, the construction cost coefficient be-
came three times smaller in the primary market and lost its significance in the
secondary market. The coefficient for migration was significant only in the sec-
ondary market, whereas its value was much higher than in the original model.
This may suggest that migrants prefer existing and furnished apartments which
are ready for living without additional investments and effort.

Our research was affected by the unavailability of quarterly data for selected
variables. Additionally, the span of our data was relatively short to properly
investigate the impact of the crises in 2008 and 2014 and to evaluate whether
the market was subject to bubbles. This might be the cause why our results did
not identify significant changes in determinants over time. Longer and higher
quality data would allow future works to validate our findings and permit a
thorough investigation of market bubbles.

The ongoing war between Ukraine and Russia and the related sanctions, im-
posed by multiple countries, are severely impacting the Russian economy. It
would thus be of interest to investigate whether and how this conflict affected
the identified relationships.
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A. Additional figures II

Figure A.1: Grid - Price per m2 - primary market
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A. Additional figures III

Figure A.2: Grid - Price per m2 - secondary market
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A. Additional figures IV

Figure A.3: Grid - Wages
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A. Additional figures V

Figure A.4: Grid - Unemployment
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A. Additional figures VI

Figure A.5: Grid - Age Structure
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A. Additional figures VII

Figure A.6: Grid - Migration
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Figure A.7: Grid - Construction costs
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Figure A.8: Grid - m2 per person
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Variables description
Va

ria
bl

e
D

es
cr

ip
tio

n
U

ni
t

Tr
ea

tm
en

t
So

ur
ce

ap
ar

tm
en

t
pr

ic
e

av
er

ag
e

ap
ar

tm
en

t
pr

ic
e

lo
g,

in
R

U
B

tw
o

se
pa

ra
te

va
ria

bl
es

fo
r

pr
im

ar
y

an
d

U
IS

IS
(c

od
e

31
45

2)
pe

r
m

2
on

pr
im

ar
y

an
d

se
co

nd
ar

y
m

ar
ke

t,
U

IS
IS

(c
od

e
33

43
3)

se
co

nd
ar

y
m

ar
ke

t
qu

ar
te

rly
da

ta
w

ag
es

av
er

ag
e

no
m

in
al

m
on

th
ly

lo
g,

in
R

U
B

un
til

20
12

-i
nt

er
po

la
tio

n
of

an
nu

al
da

ta
F

SS
S,

in
co

m
e

pe
r

ca
pi

ta
ba

se
d

on
qu

ar
te

rly
da

ta
on

no
m

in
al

in
co

m
e

U
IS

IS
(c

od
e

33
43

3)
fo

r
th

e
w

ho
le

R
us

sia
,f

ro
m

20
13

Q
1

-
qu

ar
te

rly
da

ta
,s

ea
so

na
lly

ad
ju

st
ed

un
em

pl
oy

m
en

t
nu

m
be

r
of

un
em

pl
oy

ed
%

un
til

20
09

-i
nt

er
po

la
tio

n
of

an
nu

al
da

ta
F

R
E

D
,

as
a

%
of

th
e

la
bo

r
fo

rc
e

ba
se

d
on

qu
ar

te
rly

da
ta

on
un

em
pl

oy
m

en
t

U
IS

IS
(c

od
e

43
06

2)
fo

r
th

e
w

ho
le

R
us

sia
,f

ro
m

20
10

Q
1

-
qu

ar
te

rly
da

ta
,s

ea
so

na
lly

ad
ju

st
ed

ag
e

st
ru

ct
ur

e
sh

ar
e

of
po

pu
la

tio
n

ag
ed

15
to

%
lin

ea
r

in
te

rp
ol

at
io

n
of

an
nu

al
da

ta
U

IS
IS

(c
od

e
31

54
8)

59
(m

en
)

or
15

to
54

(w
om

en
)

U
IS

IS
(c

od
e

33
45

9)
to

to
ta

lp
op

ul
at

io
n

U
IS

IS
(c

od
e

31
55

7)
m

ig
ra

tio
n

sh
ar

e
of

m
ig

ra
nt

s
to

th
e

av
er

ag
e

%
,p

er
10

00
0

an
nu

al
da

ta
di

s-
ag

gr
eg

at
ed

us
in

g
th

e
U

IS
IS

(c
od

e
43

01
7)

nu
m

be
r

of
pe

rm
an

en
t

re
sid

en
ts

pe
rs

on
s

qu
ar

te
rly

nu
m

be
r

of
m

ig
ra

nt
s,

U
IS

IS
(c

od
e

46
16

2)
se

as
on

al
ly

ad
ju

st
ed

m
2

pe
r

pe
rs

on
to

ta
la

re
a

of
re

sid
en

tia
l

m
2

lin
ea

r
in

te
rp

ol
at

io
n

of
an

nu
al

da
ta

F
SS

S,
pr

op
er

tie
s

pe
r

in
ha

bi
ta

nt
U

IS
IS

(c
od

e
40

46
6)

co
ns

tr
uc

tio
n

co
st

av
er

ag
e

co
ns

tr
uc

tio
n

co
st

pe
r

m
2

lo
g,

in
R

U
B

lin
ea

r
in

te
rp

ol
at

io
n

of
an

nu
al

da
ta

U
IS

IS
(c

od
e

31
45

6)
of

to
ta

lr
es

id
en

tia
lp

ro
pe

rt
ie

s
E

R
in

de
x

w
ei

gh
te

d
av

er
ag

e
of

R
U

B
%

,t
o

pr
ev

io
us

qu
ar

te
rly

da
ta

,
U

IS
IS

(c
od

e
42

13
4)

re
la

tiv
e

to
th

e
cu

rr
en

ci
es

of
th

e
qu

ar
te

r
re

gi
on

-in
va

ria
nt

va
ria

bl
e

R
us

sia
’s

m
ai

n
tr

ad
in

g
pa

rt
ne

rs
M

IA
C

R
w

ei
gh

te
d

av
er

ag
e

ac
tu

al
%

qu
ar

te
rly

da
ta

,
C

B
R

ra
te

on
lo

an
s

gr
an

te
d

by
re

gi
on

-in
va

ria
nt

va
ria

bl
e

M
os

co
w

ba
nk

s



B. Additional tables XII

Table B.2: Panel regression outputs of the baseline model
specification
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