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Abstract 
This dissertation thesis consists of three chapters devoted to analyzing residential 

and commercial real estate prices, assessing risks related to residential real estate 
exposures for financial stability, and calibrating borrower-based macroprudential 
measures to address those risks. Each chapter presents a general approach(es), which can 
be used - after certain adjustments - for similar analyses across countries and application 
to the Czech Republic or the CEE countries.  

In Chapter 1, we first show the application of a standard inverted demand model 
of the equilibrium house prices, which we extend to take into account the population 
ageing in the Czech Republic with potential impact on the effective demand for owner-
occupied housing. Then, we present an alternative model that considers possible 
amplification between house prices, mortgage credit, and the real economy and 
investigates whether non-linearities in the short-term house price dynamic are present in 
the Czech Republic. By this, we extend the scarce empirical literature on non-linearities 
in house prices. Next, we abstract from economic determinants of house prices, which may 
lead to biased results if procyclical, and analyze the interaction between asking and 
transaction prices as a kind of revealed expectations of buyers and sellers in the housing 
market. This approach is, to our limited knowledge, an original contribution to the house 
price analysis. Finally, we check the plausibility of the assumption about the stability of 
house prices to incomes, which is used in the models including ours, for catching-up 
economies such as the Czech Republic.  

Chapter 2 presents an approach to assessing risks related to the mortgage exposures 
and to calibrating borrower-based macroprudential measures to address those risks. The 
flow approach is a relative measure that analyzes the evolution of risks in time and searches 
for risky tails in the lending distribution. To this end, we stress-test individual new 
mortgage loans for the ability of the borrowers to service their loans and repay the loans 
over maximum maturity. Results for the Czech Republic suggest that new loans with loan-
to-value over 80%, loan service-to-income over 40% and loan-to-income over 8 could be 
deemed relatively riskier in the second half of 2017. Using this approach, all measures are 
calibrated using a set of metrics that are linked to each other. Therefore, the value-added 
of the approach is that it should lead to higher effectiveness of the policy mix and reduce 
overlaps. The stock approach is an early attempt to extend the flow approach to measures 
the risks in absolute terms. To this end, we stress-test the entire portfolio of mortgage loans 
that we simulated in a forward-looking way. Finally, we show how this approach can be 
used for partial assessment of the effectiveness of borrower-based measures. The results 
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for the Czech Republic suggest that if the economic expansion continued from 2020 
onwards, risks related to the mortgage portfolio would have been significantly higher if 
borrower-based measures had not been introduced in the past. By this approach, we extend 
the empirical literature which is emerging in this field.  

Chapter 3 presents a model for estimating the under- or overvaluation of 
commercial property, distinguishing between property types. To this end, we present semi-
structural model that imitates the functioning of the commercial real estate market, and 
estimate this model on a panel of five CEE countries and Germany. Comparing the results 
with cyclical component of property prices derived using HP filter suggests that using HP 
filter with very high values of the smoothing parameter yield similar results. This would 
confirm that the commercial property price cycle has a longer length than the business 
cycle, possibly because of their linkages to the credit and financial cycle. The model 
contributes to the existing research on commercial property prices, which has been limited 
to the analysis of individual property types or the use of statistical measures. 

 
 

Key words:  

Financial stability, housing market, commercial property market, misalignment of prices, 
mortgage exposures, macroprudential policy, borrower-based measures. 

 

 

  



Abstrakt 

Tato dizertační práce se skládá ze tří kapitol věnovaných analýze cen rezidenčních 
a komerčních nemovitostí, vyhodnocování rizik spojených s expozicemi zajištěnými 
rezidenčními nemovitostmi a kalibraci makroobezřenostních nástrojů zaměřených na 
dlužníky. Každá z kapitol představuje jeden nebo více obecných přístupů, které mohou být 
využity pro analýzy různých zemí. Všechny kapitoly však také ukazují konkrétní aplikaci 
pro Českou republiku nebo země střední a východní Evropy.  

V první kapitole představujeme aplikaci standardního modelu invertované 
poptávky pro odhad rovnovážných cen nemovitostí v České republice. Tento model dále 
rozšiřujeme o efekt stárnutí populace s dopady do efektivní poptávky po vlastnickém 
bydlení. Dále prezentujeme model alternativní, který uvažuje možné vzájemně se 
posilující působení mezi cenami bydlení, hypotečními úvěry a ekonomickou aktivitou. S 
jeho využitím následně testujeme přítomnost nelineárního chování cen nemovitostí v 
České republice v krátkém období, čímž rozšiřujeme omezené množství empirických prací 
na toto téma. V další části odhlížíme od ekonomických fundamentů, které mohou vést 
v případě procykličnosti k zavádějícím výsledkům, a uvádíme originální přístup k analýze 
cen bydlení založený na porovnání vývoje transakčních a nabídkových cen. Uvažujeme 
přitom, že tyto ceny do určité míry reprezentují očekávání kupujících a prodávajících na 
trhu s bydlením. Na závěr testujeme platnost předpokladu o stabilitě cen bydlení ve vztahu 
k příjmům, který je využíván v řadě modelů včetně těch námi prezentovaných, pro 
konvergující země typu České republiky.  

Ve druhé kapitole navrhujeme přístup k hodnocení rizik spojených s expozicemi 
zajištěnými rezidenčními nemovitostmi a ke kalibraci makroobezřetnostních nástrojů 
zaměřených na dlužníky k omezování těchto rizik. Jako první ukazujeme přístup založený 
na pozorování relativního vývoje rizik v čase a hledání rizikových segmentů v hypotečním 
úvěrování. Za tímto účelem provádíme zátěžové testování jednotlivých nově poskytnutých 
hypoték z hlediska schopnosti dlužníků splatit úvěry v souladu se splátkovým kalendářem 
nebo za dobu maximální uvažované doby splatnosti. Závěry pro Českou republiku 
naznačují, že za relativně více rizikové lze považovat úvěry s poměrem výše úvěru a 
zástavní hodnoty nemovitosti na úrovni 80%, a dále také ty s poměrem výše úvěru, resp. 
roční dluhové služby a ročních příjmů žadatelů o úvěr na úrovních 40% a 8. Přidanou 
hodnotou našeho přístupu je, že ke kalibraci nástrojů využívá sadu vzájemně provázaných 
měřítek. Tím by mělo docházet ke zvyšování efektivity zaváděných opatření a k 
omezování zbytečných překryvů. Druhý námi představený přístup je prvním krokem k 
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měření rizik ve smyslu absolutních dopadů v případě jejich materializace. K tomuto účelu 
zátěžově testujeme celé portfolio hypotečních úvěrů, které simulujeme vpředhledícím 
způsobem do budoucna. Závěrem ukazujeme využití tohoto přístupu pro částečné 
vyhodnocení efektivity dlužnických nástrojů. Závěry pro Českou republiku naznačují, že 
pokud by ekonomická expanze pokračovala i po roce 2019, rizika spojená s portfoliem 
hypotečních úvěrů by byla výrazně vyšší v případě, kdy by v minulosti nebyly zavedeny 
makroobezřetnostní nástroje zaměřené na dlužníky. Tímto přístupem doplňujeme zatím 
velmi omezený počet empirických prací, které na podobné otázky začínají vznikat.  

Ve třetí kapitole představujeme semistrukturální model pro odhad nadhodnocení 
nebo podhodnocení cen komerčních nemovitostí, který zachycuje jednotlivé segmenty 
trhu s těmito nemovitostmi. K odhadům modelu používáme unikátní soubor dat 
poskytnutý společností JLL, který pokrývá dva typy nemovitostí (kancelářské a 
průmyslové a logistické) v pěti zemích střední a východní Evropy a v Německu. Výsledky 
odhadů porovnáváme s cyklickou složkou cen komerčních nemovitostí, získanou s 
využitím HP filtru a vysokých hodnot parametru vyhlazení. Oba přístupy vedou k 
podobným závěrům, což naznačuje, že ceny komerčních nemovitostí mohou vykazovat 
delší trvání cyklu než je tomu u reálné ekonomiky – patrně vzhledem k jejich napojení na 
úvěrový a finanční cyklus. Tímto modelem přispíváme k rozšíření výzkumu na téma 
vyhodnocování cen komerčních nemovitostí, dosud omezenému na analýzy jednotlivých 
typů těchto nemovitostí nebo na využití statistických metod.      

 

 

Klíčová slova:  

Finanční stabilita, trh bydlení, trh komerčních nemovitostí, cenové nerovnovány, 
makroobezřetnostní politika, nástroje zaměřené na dlužníky. 
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Introduction 

Housing is a basic human need and households spend a significant part of their incomes 
on it – either by purchasing their own property, or by paying for a rent. In 2018, 
homeownership ratios in the EU ranged from 51% in Germany to 96% in Romania 
according to Eurostat, suggesting that residential property represents significant part of 
household wealth.  

Commercial property, on the other hand, serves as an income-producing asset for most 
segments of the real economy, ranging from industrial spaces where goods are produced, 
to retail premises where the goods are sold or where services are delivered. While some of 
the companies that use this space own the property themselves, other companies rent it out 
from different firms, which may be specialized in such business. Depending on the 
segment in which goods and services are delivered, the costs related to using property may 
represent a significant part of the costs paid by customers. A specific segment is the 
construction segment in which dedicated companies build the property either to sell it or 
to rent it afterwards. 

Given the high utility of property and the scarcity of land, both residential and 
commercial property are highly demanded types of assets, something that is reflected in 
their prices. Therefore, both households and corporations tend to take out loans to 
distribute the purchasing costs over the years, or to finance construction of the property 
before income can be collected from the sale or rental. At the same time, real estate markets 
are prone to boom-bust dynamics, often in conjuncture with business and credit cycles or 
with other property markets (Borgy et al., 2009, Borio et al. 2001, Borio, McGuire, 2004). 
There are several reasons why this is of particular concern for the financial sector.    

First, loans for financing property are often collateralized by real estate. Should 
households or companies default on these loans and the value of the property decreases, 
credit providers may incur losses. In EU countries, the residential real estate loans 
represented aproximately 20 to 50 % of the total of bank loans in 2019 (ESRB, 2019). For 
commercial real estate loans, the figures ranged from aproximately 5 to 25% at the end of 
2017 (ESRB, 2018). This means that credit losses from real estate loans may – in situations 
of severe economic stress – undermine the stability of the financial sector. Alternatively, 
households may need to reduce consumption in order to meet their repayment schedules. 
This may translate into a slow-down of economic activity and result in credit losses from 
other types of loans. As such, real estate markets can be sources of systemic risk.   
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Currently, safeguarding financial stability is one of the common mandates of central 
banks or other national authorities. Since the last financial crisis, sources of systemic risks 
have also become widely addressed by so/called macroprudential policy. Macroprudential 
measures that target real estate risks can be divided into two groups – so/called capital-
based and borrower-based measures. Capital-based measures aim to increase the resilience 
of credit providers against potential credit losses by increasing the amount of capital held 
by these providers. On the other hand, borrower-based measures restrict the production of 
risky loans in relation to loan or borrower characteristics. At the end of 2019, 
macroprudential measures related to real estate loans were in place in most EEA countries 
and many economies worldwide (ESRB, 2020). Despite this, there are still many 
unknowns connected to the analysis of real estate risks and the optimal design of 
macroprudential policy.    

One of the arguments is the lack of data, as sound quantification of macroprudential 
tools requires granular information (Dierick et al., 2017, IMF, 2018).    

Another point is the difficulty of estimating equilibrium property prices, which is one 
of the key questions in the analysis of risks related to real estate markets. The first reason 
for this is the dual character of real estate, which can be both consumption or value-
generating asset on the one hand, and investment asset on the other hand. As such, a single 
model can hardly capture both of these purposes. The second reason is that real estate, 
credit, and business cycles tend to reinforce each other. This may lead to a situation when 
equilibrium property prices are explained using variables that are not at sustainable levels 
themselves.  

Finally, macroprudential policy should work against the emergence of systemic risks 
in a pre-emptive way, and as such it is most efficient when introduced in a timely manner 
(Frait and Komárková, 2011). This requires that the national authorities assess the real 
estate risks in a forward-looking way, and make predictions about the future developments 
of the real estate prices, credit and other macrofinancial variables. While this is normally 
done using standard prediction models, feedback loops between those variables may not 
be sufficiently captured on the medium- to long-term horizon, on which the 
macroprudential policy operates (Borio, 2014, Borio and Drehmann, 2009). Similarly, it 
is not easy to simply learn from the effectiveness of the measures introduced in the past. 
An effective macroprudential measure is such that it is not followed by the emergence of 
a systemic crisis. Therefore, the successful macroprudential policy shall not lead to any 
extraordinary outcomes, but rather to avoid the “worse scenarios”. As a result, 
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demonstrating the effects of the measures requires finding counterevidence to the “normal 
times”, which can be quite a challenging task.   

 

This thesis contributes to filling these gaps in several ways. 

 
Chapter 1 extends the existing literature on house price analysis in the Czech Republic 

by addressing a wide set of questions researched in the international literature.  

In particular, we present two models of equilibrium house prices – one that considers 
the determinants of demand and supply (inverted demand model), and another that takes 
into account possible amplification between house prices, credit and the real economy 
(simple accelerator model). Using the second model, we also investigate whether non-
linearities in the short term house price dynamic are present in the Czech Republic. The 
first approach is an application of the standard demand and supply model, which we extend 
to take into account the population ageing in the Czech Republic with potential impact on 
the effective demand for owner-occupied housing. By the second approach, we extend the 
scarce empirical literature on non-linearities in house prices. In the absence of data on the 
number of transactions with housing in the Czech Republic, we further analyze whether 
the relative dynamics of asking and transaction prices, which may represent sellers’ and 
buyers’ expectations, can be regarded as forward looking indicators of house prices and 
overvaluation. This represents a novel approach to the expectations or transaction-based 
analysis of house prices in countries for which data on activity in the housing market are 
missing. Finally, we check plausibility of the assumption about stability of house prices to 
incomes, which has been used in the house price equilibrium models including ours, for 
converging economies such as the Czech Republic. This is motivated by an alternative 
hypothesis that we formulate for such countries. In particular, the subsistence costs may 
be decreasing in time relative to incomes in the catching-up economies, something that 
could be offset by increasing house prices. 

Similar work was co-authored by Michal Hlaváček and Luboš Komárek and published 
as “Hejlová, H., Hlaváček, M., Komárek, L. (2017). A comprehensive method for house 
price sustainability assessment in the Czech Republic. Prague Economic Papers, 2017(3), 
269-285.”. However, for the purpose of this thesis the research it was significantly 
enhanced. First, the simple accelerator model was complemented with the analysis of non-
linearities in the short term dynamics. Second, the inverted demand model replaced the 
original supply and demand model, which was estimated on panel of regions and for which 
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the estimates showed no longer significant. The third and fourth part of the chapter are 
new and they have been completed for the purpose of this thesis. After these revisions, 
most of the work is my own. Still, I am grateful to my previous co-authors for sharing with 
me their expertise on the housing market in the Czech Republic. Furthermore, I am grateful 
to Luis Enrique Pedauga for sharing with me his codes for STVAR models, which I already 
used for my master thesis and which I further extended for the purpose of this dissertation.      

    

Chapter 2 presents an approach to the assessment of risks related to mortgage 
exposures and to the calibration of borrower-based macroprudential measures to address 
those risks, taking into account the development of cyclical risks. It can be regarded as a 
general approach, but it also shows the application for the Czech Republic. This work fills 
the gap in several ways. Despite the extensive use of borrower-based measures in 
international practice, there is no paper that summarizes the experience into some kind of 
“pecking order”. Similarly, only a few works deal with the optimal calibration of the 
borrower-based measures or discuss approaches that guided the calibration of particular 
instruments in place. In this context, we believe that our work is an important contribution 
for two reasons. First, increasing evidence suggests that single measures often do not – in 
isolation – lead to effective combat of systemic risks. Therefore, it is important to share 
the best practices regarding what can constitute the optimal policy mix and fuel the policy 
debate on this topic. Second, disclosing the strategies behind the use of borrower-based 
measures may represent a form of “forward guidance” of the macroprudential policy. In 
this way, it can help to anchor the expectations of the market participants, possibly leading 
to a kind of self-regulation of the market. In addition, it may also help to reduce the general 
mistrust of the public towards borrower-based measures, as these measures may represent 
– depending on their design – direct restrictions on certain categories of lending. Chapter 
2 can be divided into two parts – the flow and stock approaches. 

In the flow approach we suggest to evaluate the risks and calibrate the borrower-based 
measures on a relative basis, by analyzing the evolution of the risks over time and by 
comparing the riskiness of the loans with certain characteristics. To this end, we suggest 
to stress-test the individual new loans for the ability of the borrowers to service their debt 
regularly and for their ability to repay the loans over the maximum maturity. For loans that 
are identified at the risk of default, we further calculate potential losses that could be 
incurred to credit providers, taking into account the loan-to-value ratios of these loans and 
the overvaluation of house prices. If we sum the losses from the individual loans, we arrive 
at a metric that we call the macroprudential indicator of potential losses from new loans 
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(MIPL). To assess the risks, we suggest to monitor this indicator in time. A rise in the 
MIPL over time indicates growth in risks, to which it may be appropriate to respond with 
macroprudential policy. A fall in the MIPL following the introduction of macroprudential 
instruments can, on the other hand, indicate the effectiveness of the measures. The 
evolution of the components of this indicator can help to determine which macroprudential 
instrument to use to combat these risks effectively. Given that in the flow approach, all 
measures are calibrated using a set of metrics that are linked to each other, it is possible to 
quantify the contribution of each of the instruments (with a specific calibration) under 
consideration to mitigate the risks. This should lead to the higher effectiveness of the 
policy mix and reduce overlaps. 

The stock approach is an early attempt to extend the flow approach to measure the 
risks in absolute terms. As suggested by the title, this is achieved by stress-testing the entire 
portfolio of mortgage loans. To accommodate the need for macroprudential policy to act 
early enough to be effective, we suggest to model this portfolio in a forward-looking way, 
assuming further inflow of loans of specific characteristics. In addition to improving the 
assessment of the risks and calibration of the macroprudential measures, such an extension 
can be used – to some albeit limited extent – to assess the effectiveness of the borrower-
based measures.   

After presenting the frameworks of the two approaches, we apply both of them to the 
case of the Czech Republic, using anonymized data on new mortgage loans from the Czech 
National Bank. Nevertheless, the results of the stock approach presented in this chapter 
should not be taken literally. Instead, they should be considered as a first attempt in the 
directions charted above. Further disclaimer regarding the limitations of the approach and 
the ways to further extend its framework is provided in Chapter 2.   

The flow approach is co-authored with Libor Holub and Miroslav Plašil and was 
published as “Hejlová, H., Holub, L., Plašil, M. (2021). Calibration of Borrower-based 
Macroprudential Measures for Mortgage Exposures: Rigorous Approach and Its 
Application to the Czech Republic. Prague Economic Papers, 30(3), 316-335”. My entry 
to that paper was complex, from contributing to the analytical and policy discussion, 
making the calculations, and drafting the text.   

The stock approach is co-authored with Jiří Gregor. A similar approach was published 
as “Gregor, J., Hejlová, H. (2020). The Household Stress Test. Thematic Article on 
Financial Stability 4/2020. Czech National Bank.”, but it differs in the level of detail and 
the scenario used. While the technical specifications are more advanced in Gregor, Hejlová 
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(2020), the test scenario assumed in this thesis allows showing the assessment policy 
effectiveness, which is also original of this thesis. My contribution to this part consisted 
of the idea of using the individual data on new mortgage loans, laying down the framework 
for the simulation of the portfolio and the stress testing, and suggesting the way of using 
such framework for macroprudential policy. A substantial amount of technical work was 
done by my co-author, including further improvements to the framework.   

 

Chapter 3 presents a model for estimating the under- or overvaluation of commercial 
property, distinguishing between different types of property. This is an important 
contribution to the international literature, which has been limited to the analyses of 
individual property types, or to the use of statistical measures. Against this background, 
various types of commercial property may demonstrate distinct dynamics over time. 
Therefore, they may differ in the extent to which they represent risks to financial stability. 
For this reason, it is desirable to monitor the risks related to the individual types of 
commercial property separately. 

To address this need, we present a semi-structural model that imitates the functioning 
of various segments of the commercial real estate market. To estimate this model, we use 
a unique set of data on the markets for two property types (office and industrial) in five 
CEE countries and Germany, provided by Jones Lang LaSalle. First, we estimate the 
model for each property type on a panel of countries to capture the international nature of 
the markets. Second, for the example of the Czech Republic, we estimate the model on a 
panel of property types to capture the possible orientation of individual investors toward a 
particular country. Finally, we compare our results to those of HP filter applied to the 
prices of property.  

This chapter is co-authored with Michal Hlaváček and Blanka Vačkova and it has been 
recently published – in a very similar form – as a CNB Working Paper (Hejlová, H., 
Hlaváček, M., Vačkova, B. Estimating Commercial Property Price Misalignment in the 
CEE Countries. CNB Working Paper 11/2020. Czech National Bank.). My contribution to 
this work is complex, from estimating the model and its various specifications to drafting 
the text. All acknowledgements for the idea of having a semi-structural model, which 
would represent the individual segments of the market, goes to Michal Hlaváček. 
Important insights, as well as analytical and drafting suggestions, were provided by Blanka 
Vačkova. Last but not least, I am grateful to Jones Lang LaSalle for providing the data for 
the analysis.   
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Chapter 1 
Analyzing Residential Real Estate Prices in the Czech Republic 

1. Introduction 

Past events showed that real estate markets are subject to boom-bust dynamics and that 
booms associated with house price bubbles often lead to more costly busts (Borio et al., 
2001, Borgy et al., 2009). One of the reasons is that real estate dynamics may increase the 
amplitude of the financial and business cycles (Borio, McGuire, 2004, Borio et al., 2001). 
Given the high share of residential real estate exposures in bank portfolios and the 
importance of housing for household consumption and the real economy, a burst of a house 
price bubble may easily lead to an emergence of a financial crisis.  

Currently, there are a number of so-called macroprudential measures in place in EU 
countries as well as worldwide. One of their objectives is to prevent financial institutions 
from suffering large credit losses at times of highly adverse economic conditions coupled 
with a sharp drop in house prices. An indirect consequence of these measures can be that 
they lean against the growth in house prices per se (Lambertini et al., 2013). However, the 
objective of macroprudential policy is not to combat house price inflation in general, but 
to prevent such an overvaluation, after which house prices have a tendency to drop sharply. 
Identifying the situations in which fundamental factors rather than expectations determine 
property prices is therefore a key issue for the central banks and other authorities.  

In this chapter, we touch upon a wide set of topics related to house prices, which have 
been researched in the international literature, and we analyze them in the context of the 
housing market in the Czech Republic. In particular, we present two models of equilibrium 
house prices – one that considers determinants of demand and supply, and another that 
takes into account possible amplification between house prices, credit and the real 
economy. Using the second model, we also investigate whether non-linearities in the short-
term house price dynamic are present in the Czech Republic. In the absence of data on the 
number of transactions with housing, we further analyze whether the relative dynamics of 
asking and transaction prices, which may be representative of sellers’ and buyers’ 
expectations, can be regarded as forward-looking indicators of house prices and 
overvaluation. Finally, we check the plausibility of the assumption about the stability of 
house prices to incomes, which is used in most of the equilibrium price models, including 
ours, for catching-up economies such as the Czech Republic.  

The chapter is organized as follows. In part 2, we provide a literature review and lay 
out the key approaches and questions related to the house price analysis. In part 3, we 
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include an overview of analytical tools that we use throughout our empirical analysis. In 
part 4, we present the empirical analysis and the results thereof. In section 4.1, we show 
the demand and supply model, while in section 4.2, we present the macroeconomic type 
of model. In section 4.3 we elaborate on the interaction of asking and transaction prices, 
and in section 4.4, we check the assumption of the stability of house prices to incomes for 
a wide set of countries.  

2. Literature review 

There are multiple existing approaches to estimating equilibrium house prices, 
reflecting the specific characteristics of housing. These are the dual character of housing 
as a consumption good and investment asset, its importance for household and banks’ 
balance sheets, and its impact on the construction industry and the overall economy. 
Individual approaches have been developed and modified to suit particular countries and 
periods, reflecting the structural and institutional features of the national residential real 
estate sectors. 

The natural approach to adopt is to explain house prices using the determinants of 
demand and supply. Textbook examples of such models are the so called stock and flow 
models and the inverted demand models. The stock and flow models cover the demand 
and supply in a dynamic system of equations, allowing for sluggish adjustment between 
the two. Examples of such models include DiPasquale and Wheaton (1992) and McCarthy 
and Peach (2002) for the US, Steiner (2010) for Switzerland, and Kajuth et al. (2016) for 
Germany. As a simplified version of the previous approach, the inverted demand models 
put the demand equal to the supply at a certain point, considering the supply as given in 
the short-run. Applications of these models include Muellbauer and Murphy (1997), Meen 
(2000) or Cameron et al. (2006) for the UK and more recently Kelly and McQuinn (2013) 
for Ireland. Overall, inverted demand models are one of the most widely used approaches 
in the existing literature.  

Some of the authors choose to concentrate on specific characteristics of housing either 
as a consumption good or investment asset and follow the user-cost or asset-pricing 
approach, respectively. Examples of the user-cost approach, which is also called the rent 
arbitrage approach, are the works of Poterba (1984) and Himmelberg et al. (2005) for the 
US, who compared annual costs of home ownership to those of renting as alternatives to 
each other. Examples of the asset-pricing approach are Hiebert and Sydow (2011), who 
derived a dividend discount model for euro area countries, Ayuso and Restoy (2006), who 
suggested an inter-temporal asset pricing model for three countries, and Plašil and Andrle 
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(2019), who derive the fundamental value of house prices in the Czech Republic using 
forward-looking macroeconomic projections. Plašil and Andrle (2019) also complemented 
this “valuation” approach by another one, which they call “macroprudential”. In this 
approach, they calculate the borrowing capacity (again using the forward-looking 
macroeconomic projections) of households as a macroprudential indicator of sustainable 
house prices.            

Other authors use more macroeconomic types of models, in which they allow house 
prices to interact with the credit market and real economic activity. Examples of such 
models include Gimeno and Martínez (2010) for Spain, Nobili and Zollino (2017) for Italy, 
Égert and Mihaljek (2007) for CEE countries, and Borio and McGuire (2004) and 
Tsatsaronis and Zhu (2004) for a broad set of world economies.    

With most of these approaches, studies assume that house prices are stable with respect 
to rents and incomes. Regarding rents, it is believed that house prices should pass-through 
to rents, following both the asset pricing approach and the user-cost arbitrage (Peterson, 
2012). Regarding income, various authors have shown that house prices follow changes in 
the price-to-income ratio rather than their own dynamics (see, for example, Malpezzi 
(1999) or Leung (2003) for the US). Nevertheless, there are some voices in the literature 
that put this assumption into question (see for example Gallin (2006) for the US).        

Finally, some authors point to the presence of non-linearities in the house price 
dynamic. Regarding the upward phase of the house price cycle, they emphasize the role of 
expectations in fueling prices. In particular, Meen (2000) showed in the example of the 
UK that house prices are correlated with transactions when they are going up and that 
transactions are a leading indicator of price movements. Piazzesi and Schneider (2009) 
and Case et al. (2012) showed – on survey data from the US – that buyers are aware of 
past price dynamics and that the share of households who believe in the right time for a 
purchase increases as house prices grow. Peterson (2012) explained this by the search 
frictions. When a significant number of buyers drive prices up, others may interpret the 
prices as being fueled by fundamentals and, therefore, as being at intrinsic values. By 
making purchases, households may also aim to avoid paying more in the future (Balcilar 
et al., 2012). Regarding the downward side of the price cycle, various authors discuss the 
role of aversion to loss or equity constraints. Genesove and Mayer (2001) argued that when 
prices start to fall, sellers are unwilling to realize nominal losses by selling their housing 
below the initial purchasing price. This may hold especially for highly leveraged 
households, while accepting the lower price might leave them with negative equity 
(Engelhard, 2003). Despite these considerations, research on house prices has remained 
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mostly in the linear framework. Examples of the emerging studies on non-linearities in 
house prices are Miles (2008) and Kim and Bhattacharya (2009) for the US.   

3. Methodology 

Existing works use various definitions of the house price bubbles. For example, 
Komárek and Kubicová (2011) work with the assumption that the asset price bubble is an 
explosive and asymmetric deviation of the market price from its fundamental value, with 
the possibility of a sudden and significant reverse correction. For the purpose of our work, 
we further simplify this definition and assume that house price overvaluation is such part 
of house prices, which is prone to reverse from the medium-term perspective. With this in 
mind, we believe that cointegration analysis and vector-error correction models are a 
useful tool for exploring this area. While the cointegrating combinations describe the long-
run equilibrium relationships among variables, the vector-error correction representation 
can explain their short-term dynamics. Moreover, the vector error correction 
representation ensures that all variables are explained as being endogenous, i.e. as 
influencing each other. This is highly relevant for analyzing real estate prices, given their 
mutual relations with the credit and business cycles.    

In this work, we use several concepts. For models in which there are both I(0) and I(1) 
variables, we use the autoregressive distributed lag (ARDL) approach. For other models 
we use the Johansen methodology, which allows for more than one cointegrating 
relationships between variables. In order to explore non-linearities in the short-term 
dynamics of the variables, we use extension to the Johansen methodology, which is known 
as smooth transition VECM (STVECM). Finally, for testing the cointegration on a panel 
of countries, we use the test developed by Pedroni (1999). This test has a favorable 
alternative of cointegration being present for all panel members, and it allows for panel-
specific autoregression coefficients. Also, it is suitable for unbalanced panels. In the next 
subsections, we briefly present each of these tools. Relatively more space is devoted to the 
STVECM, which is less known and represents a substantial part of the empirical analysis.    

3.1. Cointegration based on ARDL approach  

The ARDL approach for cointegration testing, proposed by Pesaran, Shin and Smith 
(2001), departs from an error-correction representation in which the dependent variable in 
the first differences is regressed on the lagged values of the dependent and independent 
variables in levels and first differences: 
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where 𝑦𝑦𝑡𝑡 = �𝑦𝑦1𝑡𝑡,𝑦𝑦2𝑡𝑡, … ,𝑦𝑦𝑁𝑁𝑡𝑡�
′
 is the 𝑁𝑁 × 1 vector of the 𝑁𝑁 possibly cointegrated 

variables, 𝜇𝜇𝑡𝑡 = �𝜇𝜇1, 𝜇𝜇2, … , 𝜇𝜇𝑁𝑁�
′
 is an 𝑁𝑁 × 1 vector of intercepts, β = �β(1),β(2), … ,β(𝑟𝑟)� 

is the 𝑁𝑁 × 𝑟𝑟 cointegrating matrix, which consists of 𝑟𝑟 cointegrating vectors, 𝛼𝛼 is an 𝑁𝑁 × 𝑟𝑟 
matrix of adjustment coefficients, π𝑖𝑖, 𝑖𝑖 = 1 … 𝑝𝑝 are 𝑁𝑁 × 𝑁𝑁 matrices of autoregressive 
coefficients and 𝜀𝜀𝑡𝑡 = �𝜀𝜀1𝑡𝑡, 𝜀𝜀2𝑡𝑡, … , 𝜀𝜀𝑁𝑁𝑡𝑡� is a vector of 𝑁𝑁 possibly correlated white noise 
disturbances.1  

Cointegration is tested using the so-called bound testing. Under this approach, the null 
of 𝐻𝐻0:𝛼𝛼 = 𝛽𝛽2 = 𝛽𝛽3 = ⋯ = 𝛽𝛽𝑁𝑁 = 0 is tested against the alternative of 𝐻𝐻𝐴𝐴:𝛼𝛼 ≠ 0, 𝛽𝛽2 ≠ 0,
𝛽𝛽3 ≠ 0 … = 𝛽𝛽𝑁𝑁 ≠ 0 using F-tests.2 The name of the test relates to the fact that there are 
two sets of critical values. If the test statistic is higher than the upper bound critical value, 
the null of no cointegration is rejected in favour of the cointegration. If it is lower than the 
lower bound critical values, it implies that the cointegration is not present.   

3.2. Cointegration based on Johansen methodology  

The Johansen methodology, proposed by Johansen (1988), departs from an error 
correction representation in which dependent variable in first differences is regressed on a 
linear combination of dependent variables in levels, which is supposed to constitute the 
cointegrating relationship, and dependent and independent variables in the first 
differences:   
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 is the 𝑁𝑁 × 𝑟𝑟 cointegrating matrix, which consists of 𝑟𝑟 cointegrating vectors, 𝛼𝛼 is an 
𝑁𝑁 × 𝑟𝑟 matrix of adjustment coefficients, Π𝑖𝑖 , 𝑖𝑖 = 1 … 𝑝𝑝 are 𝑁𝑁 × 𝑁𝑁 matrices of 

 
1 See Končenda and Černý (2015) for the same quotations. 
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autoregressive coefficients and 𝜀𝜀𝑡𝑡 = �𝜀𝜀1𝑡𝑡, 𝜀𝜀2𝑡𝑡, … , 𝜀𝜀𝑁𝑁𝑡𝑡� is a vector of 𝑁𝑁 normally distributed 
disturbances.3   

Cointegration is tested based on the rank of the Π = α𝛽𝛽′ 𝑁𝑁 × 𝑁𝑁 matrix, by estimating 
its eigenvalues using a maximum likelihood estimator. To this end, Johansen proposes two 
test statistics:   

𝜆𝜆𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡(𝑟𝑟) = −𝑇𝑇 � ln (1 − 𝜆𝜆𝑖𝑖)
𝑁𝑁

𝑖𝑖=𝑟𝑟+1

 

𝜆𝜆𝑚𝑚𝑡𝑡𝑚𝑚(𝑟𝑟 + 1) = −𝑇𝑇 ln (1 − 𝜆𝜆𝑟𝑟+1) 

For sigma trace, the null is 𝐻𝐻0: = 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 Π ≤ 𝑟𝑟 against 𝐻𝐻𝐴𝐴: = 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 > 𝑟𝑟. For sigma 
max, the null is 𝐻𝐻0: = 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 Π ≤ 𝑟𝑟 against the alternative of 𝐻𝐻𝐴𝐴: = 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = 𝑟𝑟 + 1. Testing 
for the rank of the Π matrix, therefore, requires a sequence of tests using sigma trace and 
sigma max. The results may lead to the following situations. 0 < 𝑟𝑟 < 𝑁𝑁 implies that all 
elements of 𝑦𝑦 are I(1), and there are 𝑟𝑟 cointegrating vectors among them. On the other 
hand, 𝑟𝑟 = 0 implies that all y are I(1), but there is no cointegrating relationship, while 𝑟𝑟 =
𝑁𝑁 means that all time series are I(0).       

3.3. Non-linear vector autoregressive models 

Non-linear autoregressive models with a smooth adjustment (STAR) were first 
developed by Granger et al. (1993) and Terasvirta (1994). Camacho (2004) provides a 
vector extension to these models (STVAR), which may take the following form:  

𝑦𝑦𝑡𝑡1 = 𝛽𝛽𝑦𝑦1𝑡𝑡 𝐴𝐴𝑡𝑡 + �𝛽𝛽𝑦𝑦1𝑡𝑡�
′
𝐴𝐴𝑡𝑡� 𝐹𝐹𝑦𝑦1�𝐷𝐷𝑡𝑡,𝑦𝑦1� + 𝛼𝛼𝑦𝑦1𝑒𝑒𝑡𝑡−1 + 𝑢𝑢𝑦𝑦1,𝑡𝑡 

⋮ 

𝑦𝑦𝑡𝑡𝑛𝑛 = 𝛽𝛽𝑦𝑦𝑛𝑛𝑡𝑡 𝐴𝐴𝑡𝑡 + �𝛽𝛽𝑦𝑦𝑛𝑛𝑡𝑡�
′
𝐴𝐴𝑡𝑡� 𝐹𝐹𝑦𝑦𝑛𝑛�𝐷𝐷𝑡𝑡,𝑦𝑦𝑛𝑛� + 𝛼𝛼𝑦𝑦𝑛𝑛𝑒𝑒𝑡𝑡−1 + 𝑢𝑢𝑦𝑦𝑛𝑛,𝑡𝑡 

where 𝑦𝑦𝑖𝑖 are 𝑟𝑟 endogenous variables (𝑦𝑦 =  1, … ,𝑟𝑟, 𝑟𝑟 ∈ 𝑁𝑁), 𝐴𝐴 = (1,𝑋𝑋𝑡𝑡′)′ is the vector 
of constant and lagged variables until the lag 𝑝𝑝 (𝑝𝑝 ∈ 𝑁𝑁),  𝛽𝛽𝑦𝑦𝑖𝑖 and 𝛽𝛽𝑦𝑦𝑦𝑦�  are vectors of 
coefficients and 𝐹𝐹 is the transition variable, where 𝐷𝐷𝑡𝑡𝑖𝑖 =  𝑧𝑧𝑡𝑡𝑖𝑖−𝑔𝑔𝑖𝑖  is the departure of the 
transition variable 𝑧𝑧𝑖𝑖 from the threshold  𝑔𝑔𝑖𝑖. 𝑒𝑒𝑡𝑡 is the equation error included in the case of 
cointegrated variables, and 𝑡𝑡 denotes time. The series of errors, 𝑢𝑢𝑖𝑖 are assumed to be 
serially uncorrelated.4  

 
3 dtto 
4 Rewritten from Camacho (2004) for case of n variables. 
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In the case of cointegrated variables, the set of endogenous variables also includes one 
or more cointegrating vectors, and the model takes the form of a smooth-transition VECM 
(STVECM). 

Suggested procedure for these models includes identifying the lag structure using 
linear models, testing for nonlinearity, testing for the choice of the transition function, and 
estimating the parameters of the model.  

For non-linearity testing, Camacho (2004) introduces vector extension to a univariate 
test developed by Luukkonen et al. (1988). It can be used for individual equations or the 
system as a whole, and it takes the following form (for the case of 2 variables)5:     

𝑦𝑦1 = 𝜀𝜀𝑦𝑦1,0 +  �𝜉𝜉𝑦𝑦1,ℎ
’

3

ℎ=0

𝑋𝑋𝑡𝑡𝜔𝜔ℎ + 𝜇𝜇𝑦𝑦1,𝑡𝑡 

𝑦𝑦2 = 𝜀𝜀𝑦𝑦2,0 + �𝜉𝜉𝑦𝑦2,ℎ
’

3

ℎ=0

𝑋𝑋𝑡𝑡𝜔𝜔ℎ + 𝜇𝜇𝑦𝑦2,𝑡𝑡 

where 𝑦𝑦𝑖𝑖 (𝑖𝑖 = 1, 2), are endogenous variables, 𝑋𝑋 is the vector of lagged variables until 
lag 𝑝𝑝 (𝑝𝑝 ∈ 𝑁𝑁), 𝜀𝜀𝑦𝑦𝑖𝑖,0 and  𝜉𝜉𝑦𝑦1,ℎ are vectors of coefficients, 𝜇𝜇𝑖𝑖 are series of errors, and 𝑡𝑡 
denotes time  (𝑡𝑡 = 1 …𝑇𝑇). The null hypothesis of linearity is equal to 𝐻𝐻0 = 𝜉𝜉𝑖𝑖𝑖𝑖 = 𝜉𝜉𝑖𝑖2 =
𝜉𝜉𝑖𝑖3 = 0. For testing linearity as of the system, LR statistic is used in the form of 𝐿𝐿𝐿𝐿 =
𝑇𝑇(|∑𝑅𝑅| − |∑𝑈𝑈|), where  |∑𝑅𝑅| and |∑𝑈𝑈| are the determinant of the estimated variance-
covariance matrix of the restricted and unrestricted model, respectively, and 𝑇𝑇 is the 
number of observations in each equation. The distribution of the statistic is 𝜘𝜘 with degrees 
of freedom equal to the number of restrictions. For testing the individual equations, LM 
statistic is used in the form of 𝐿𝐿𝐿𝐿 = (𝑆𝑆𝑆𝑆𝐿𝐿0 − 𝑆𝑆𝑆𝑆𝐿𝐿)/𝜎𝜎�2 with asymptotic 𝜘𝜘2(3𝑝𝑝) degrees 
of freedom, where 𝑆𝑆𝑆𝑆𝐿𝐿0 and 𝑆𝑆𝑆𝑆𝐿𝐿 is the sum of squared residuals of the restricted and 
unrestricted models, respectively. 

For modelling the smooth transition, most researchers consider the logistic (LFC) and 
exponential function (EFC), which find ample interpretation in the economics: 

LFC:    𝐹𝐹𝑖𝑖(𝐷𝐷𝑡𝑡𝑖𝑖) = 1/(1 + 𝑒𝑒−𝜎𝜎𝑖𝑖𝐷𝐷𝑡𝑡𝑖𝑖), 𝐷𝐷𝑡𝑡𝑖𝑖 =  𝑧𝑧𝑡𝑡𝑖𝑖−𝑔𝑔𝑖𝑖  

EFC:    𝐹𝐹𝑖𝑖(𝐷𝐷𝑡𝑡𝑖𝑖) = 1 − 𝑒𝑒−𝜎𝜎𝑖𝑖𝐷𝐷𝑡𝑡𝑖𝑖, (𝐷𝐷𝑡𝑡𝑖𝑖 =  𝑧𝑧𝑡𝑡𝑖𝑖−𝑔𝑔𝑖𝑖)2  

 
5 This version of the test corresponds to the situation when the transition variable is endogenous.  
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where again 𝐷𝐷𝑡𝑡𝑖𝑖 =  𝑧𝑧𝑡𝑡𝑖𝑖−𝑔𝑔𝑖𝑖  is the departure of the transition variable 𝑧𝑧𝑖𝑖 from the 
threshold  𝑔𝑔𝑖𝑖 and 𝜎𝜎 is the parameter of the smoothness of adjustment.  

Both functions are associated with the existence of two linear regimes and a smooth 
transition between them. The logistic function may find a use for relations in which the 
two regimes (the higher and the lower) are associated with values of the transition variable 
above or below a threshold value. The exponential function represents – on the other hand 
– the relationship in which the two regimes (the outer and the inner) are governed by the 
size of deviation from the threshold value, regardless of the direction.  

To determine the suitable transition variable, Terasvirta (1994) suggests – for the uni-
variate case – using the Taylor series approximation of the functions and performing a 
series of nested hypothesis tests, which relate to the Taylor series approximations of the 
transition functions. Rewritten by Camacho (2004) for the case of a vector, such a 
sequence of hypotheses, which can be tested using LR statistic, takes the following form:  

𝐻𝐻0,3 = 𝜉𝜉𝑦𝑦1,3 = 𝜉𝜉𝑦𝑦2,3 = 0 

𝐻𝐻0,2 = 𝜉𝜉𝑦𝑦1,2 = 𝜉𝜉𝑦𝑦2,2 = 0  |  𝜉𝜉𝑦𝑦1,3 = 𝜉𝜉𝑦𝑦2,3 = 0 

𝐻𝐻0,1 = 𝜉𝜉𝑦𝑦1,1 = 𝜉𝜉𝑦𝑦2,1 = 0  |  𝜉𝜉𝑦𝑦1,2 = 𝜉𝜉𝑦𝑦2,2 = 𝜉𝜉𝑦𝑦1,3 = 𝜉𝜉𝑦𝑦2,3 = 0 

where the coefficients correspond to the auxiliary regression from the linearity test. 

Rejecting the null hypothesis 𝐻𝐻0,2 with the lowest p-values implies using exponential 
transition function in the respective equation. On the other hand, rejecting the null 
hypothesis 𝐻𝐻0,3 or 𝐻𝐻0,1 with the lowest p-values implies using logistic transition function 
in the respective equation. 

When it comes to estimating the parameters, it is suggested to perform a grid search 
using a reasonable number of values of the transition variable and the transition 
parameter6. In such a case, the model can be estimated using ordinary least squares (Weiss, 
1999). To choose the particular combination, it is suggested to take such a combination 
for which the estimated model has the best fit, measured by the logarithm determinant of 
the sum of squared residuals. When interpreting the results, the high vs. low or the inner 
vs. outer regime can be determined as taking certain upper and lower percentile of the 
values of the distribution function. The rest of the values are then attributed to the 
transition.            

 
6 By dividing it by the standard error of the transition variable, the transition parameter is made scale-free 
and it can take values from 0 to 100.  
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Comprehensive application of the STVECM can be found in Mendoza (2003) or 
Kavkler et al. (2007) for exchange rates.  

3.4. Cointegration in panel data  

To test for cointegration on panel data in 4.4, we use the approach developed by 
Pedroni (1999). This test departs from the Eagle-Granger approach for cointegration 
testing and has some favourable features for our analysis. In particular, it has the null 
hypothesis of no cointegration among members of the panel against the alternative of 
cointegration in all of them. Furthermore, it allows for a time trend in the cointegration, as 
well as for panel-specific autoregression coefficients. Given the country specificities of 
the national markets with housing, these characteristics make the test more suitable for our 
purposes than some alternative ones (e.g. Kao or Westerlund). Nevertheless, on small 
samples like ours, the panel cointegration tests based on the Eagle-Granger approach may 
still have low power.      

4. Empirical analysis 

4.1. Inverted demand model of equilibrium house prices 

4.1.1. Motivation 

Equilibrium house prices can be explained by the determinants of supply and demand. 
Nevertheless, such analysis is complicated because residential property represents both 
consumption goods and investment assets. For those who purchase the property for their 
own use, it is of a mixed purpose. On the one hand, they use the property and in this way 
they save the money that they would otherwise pay for renting it out. On the other hand, 
the property serves as a storage of value, as it may be sold and cashed out toward the end 
of life or transferred to the next generations. Those who purchase property as a pure 
investment still need the income from tenants, i.e. those households that pay for housing 
as a service instead of purchasing it as a consumption good. For all these reasons, one 
characteristic of the property may not be disentangled from the other and both 
characteristics must be regarded as two sides of one coin. Another point is that the analysis 
needs to take into account two constraints. On the demand side, there is the limited ability 
of the buyers to pay for the property, either from their own resources or by obtaining a 
loan of sufficient size. On the supply side, there is the stickiness of the housing stock, both 
in relation to the under- or oversupply on the market.  
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To present a demand and supply model of the equilibrium house prices in the Czech 
Republic, we borrow from the classic family of so-called inverted demand models. These 
models depart from the stock-flow models, which consider that the housing market is 
represented by three equations: (i) the demand equation, (ii) the supply equation which 
explains the new completions, and (iii) the equation that shows how the housing stock 
changes subject to the flow of new construction from (ii) (DiPasquale and Wheaton, 1992). 
The house price equation in the inverted demand models is derived by putting demand 
equation (i) equal to housing stock at a certain point in time.  

In the following empirical analysis, we depart from a simplified log-linear demand 
equation derived by Cameron et al. (2006), which is put equal to the size housing supply 
per capita:  

ln �
hs

pop
� = α ln �

y
pop

� − β ln(rc ∙ hp) + ln(d) 

where ℎ𝑠𝑠 is housing stock, 𝑝𝑝𝑝𝑝𝑝𝑝 represents the population, 𝑦𝑦 is real income, 𝑟𝑟𝑟𝑟 is real 
rental costs of housing, ℎ𝑝𝑝 denotes house prices, and 𝑑𝑑 stands for other demand shifters. 
This demand equation can be re-arranged, so that we arrive to the inverted equation in 
which house prices are the explained variable:  
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𝛼𝛼
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Instead of real rental costs, one could use the real costs of owner-occupied housing, as 
in equilibrium, these two costs should be equal. In that case, the user cost might include 
tax-adjusted interest payments, costs of maintenance, tax expenditures, and the expected 
appreciation of the property. Among the demand shifters, various authors emphasize the 
role of unemployment (see Andrews, 2010, or Kelly and McQuinn, 2013).  

Instead of housing stock per capita, which is suggested by the existing works, we use 
housing stock per number of households. By this, we aim to capture the shrinking average 
size of families, which may represent further pressure on house prices. 

To elaborate on the household demand, we further distinguish between the so-called 
potential and effective demand (see, for example, Esteban and Altuzarra, 2008). In 
particular, we attempt to acknowledge the effect of population ageing in the Czech 
Republic on demand for owner-occupied housing. On the one hand, the housing stock per 
number of households, which we consider in the first specification of the model, already 
captures the balance between demand and supply with respect to demographic 
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developments. On the other hand, households differ in the age in which they typically 
purchase homes. As the age structure of the population changes, there may be more or few 
households that wish to purchase an owner-occupied property at a certain point in time, 
something that may further affect the pressure on house prices. Obviously, this impact can 
be relatively more important in countries that are characterized by a high home-ownership 
rate, such as the Czech Republic. With this in mind, we also estimated the model using an 
alternative specification, in which we adjusted the number of households by the probability 
that they may demand housing for their own use, differentiating between different age 
groups.  

Unlike most authors who estimate the model using real costs of owner-occupied 
housing (see, for example, Cameron et al., 2006, or Kelly and McQuinn, 2013), we do not 
assume mortgage interest rates as an explanatory variable. Given that these rates have been 
at all time lows in the recent years, there is a possibility of an upward reversal of these 
rates, with downward pressure on house prices. From such a perspective, including these 
rates might lead to underestimating the overvaluation. On the other hand, we acknowledge 
the possibility of the scenario “lower for longer” (ESRB, 2021), which would mean that 
the effect of the low mortgage interest rates could be considered part of new equilibrium 
house price levels. With regards to this, we intended to estimate the model with the third 
specification, in which mortgage interest rates would be included among explanatory 
variables. However, the data for mortgage interest rates are only available from 2004, 
which is when mortgage loans in the Czech Republic became more widespread. Moreover, 
estimates for the first and second model specification over the same period reveal that the 
results are highly sensitive to the length of the sample.7 For this reason, estimating the 
model using mortgage interest rates on a shorter sample and comparing the results to the 
outcomes of the other model specifications is meaningless.    

4.1.2. Data  

As Muellbauer and Murphy (1997) point out, the precise choice of the model is 
primarily driven by the data. In our analysis, we follow the approach of including the rental 
costs, which does not require making assumptions about the expectations of the buyers as 
regards the appreciation of the property. The time series for our estimates come from 
various sources. Owing to the high degree of heterogeneity of the family house and 
apartment block segments, house price sustainability is assessed on the apartment segment 
only. For that, we use the index of transaction prices of apartments from the Czech 

 
7 By omitting the period before 2004, we lose information about substantial part of one house price cycle. 
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Statistical Office (CZSO). For rental prices, we use the rental index compiled by CZSO 
for the purpose of HICP. The gross disposable income of households and unemployment 
are also taken from CZSO. To obtain the time series for housing stock per number of 
households, we had to make several assumptions. 

First, the information on the housing stock for the Czech Republic is limited to the 
points in time when the census was realized. Second, while the number of dwellings under 
construction is published on a quarterly basis, the time series for the number of dwellings 
cancelled was discontinued in 2007. For these reasons, we estimated the housing stock in 
the following way: We first estimated the past trend in dwellings under cancellation and 
extrapolated the series from 2008 onwards.8 Then we departed from the 2011 figure on 
housing stock, which was available, and adjusted it for the cumulative difference between 
the dwellings finished and cancelled in each quarter.  

Second, the number of households is also available from the Census only. The average 
size of household is available from Eurostat, but it is reported with preciseness of only one 
decimal point. This leads to monotonicity of the time series which are calculated using 
these numbers, with an abrupt change at certain point when the rounding of the figure 
changes. Therefore, we departed from the number of households from the 2011 Census, 
which we adjusted for changes in the number of households according to the Survey of 
Income and Living Conditions (SILC) conducted by the CZSO.9 These data are yearly and 
start in 2005.10 To change it into quarterly frequency, we used linear interpolation. For the 
period between 2001 and 200511, we further interpolated the time series using a linear 
trend between the number of households in 2005, which we obtained previously, and in 
2001 according to the Census.  

To retrieve an indicator of the effective demand, we considered the distribution of 
households between different age groups from the SILC12, and the density of living in 
owner-occupied housing from the same source. Using this approach, at time 𝑡𝑡 the indicator 
takes the following value:  

 
8 The trend in dwellings under cancellation before 2007 is declining and suggests gradual renovation of the 
housing stock in the Czech Republic after the liberalization of the economy. 
9 The absolute number of households, which is estimated by CZSO on the basis of SILC, is approximately 
5% lower than the number of households according to the Census in 2011.    
10 The yearly time series was converted into quarterly frequency using linear interpolation. 
11 Data for 2005 from SILC was not used, as they seem to include outlayers. This is possibly because it was 
the first year when this survey was conducted.   
12 The absolute number of households was increased by the difference which and subsequent link of the time 
series.   
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𝐼𝐼𝐼𝐼𝐷𝐷𝑡𝑡 = �𝐴𝐴𝑖𝑖𝑡𝑡𝑢𝑢𝑖𝑖𝑡𝑡
𝑖𝑖

 

where 𝐼𝐼𝐼𝐼𝐷𝐷 denotes indicator of effective demand, 𝐴𝐴𝑖𝑖 are six groups of households with 
a working member differentiated according to their age (below 29, 30–39, 40–49, 50–59, 
and over 60 years), and 𝑢𝑢𝑖𝑖 is the additional share of households in each age group that are 
owner-occupiers compared to the previous group.   

As such, the indicator is a proxy for the number of households that may be demanding 
their own housing for the first time. For the number of households, we only considered 
households over 60 years with a working member. Given the sensitivity of the model to 
the length of the sample, we needed to retrieve this indicator for the whole period from 
2001. To achieve this, we had to adopt two simplifying assumptions.  

First, for the density of the owner-occupied housing, we considered average values in 
the last five years of our sample, i.e. from 2015 to 2019. While the data on densities is 
available from 2005 from the SILC and also for 2001 and 2011 from the Census, the early 
data from Census show that the share of owner-occupiers was significantly affected by the 
progress in the privatization of the housing stock in the Czech Republic. This process 
meant that households were – to a large extent – purchasing dwellings that they had been 
living in, something that did not represent additional pressures in the housing market and 
therefore should not be considered in the indicator of effective demand. On the other hand, 
by this we miss the information on changes in shares of owner-occupiers in the individual 
age groups, which were also evolving in time and which might be related to the changes 
in the affordability of housing. 

Second, to derive the number of households in each age group between 2001 and 2005, 
we considered the difference between the population in the individual age groups in each 
year compared to 2006. This means that we assumed the same average size of households 
in each income group over that period.         

Using these time series and the size of the population according to the CZSO, we 
finally arrived to the housing stock per number households and per the indicator of 
effective demand. Even though we explain the prices of flats, we considered all dwellings 
as for the stock, including apartments in the family houses. By this, we intended to capture 
the demand pressure on the housing market, as apartments and family houses are, to some 
extent, alternatives. Compared to the housing stock per capita, which would be upward-
sloping, the stock per households trends downward. The stock per effective demand is, on 
the other hand, closer to the dynamics of the stock per capita. This is partly due to the 
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decreasing share of young households, which are – at the same time – the group with the 
highest purchasing rate assumed.  

All time series were transformed to real terms and logarithms. Overall, our dataset 
covers the period from 2001Q1 to 2019Q4, and it is quarterly (see Figure A.1 in Appendix 
A for the display of variables).       

4.1.3. Empirical analysis 

First, we performed the stationarity tests for the log transformation of our variables. 
Using the ADF test, the null hypothesis of unit root could be rejected for all variables 
except for rental costs (Table A.1 in Appendix A). With this in mind, we opted for 
estimating our model using the ARDL approach, which is also one of the most frequent 
options chosen by the other authors (see again Cameron et al., 2006, or Kelly and 
McQuinn, 2013). The error-correction model, which is used for the cointegration testing, 
was chosen based on Akaike information criteria from a number of models, with the lags 
of individual variables going from 0 to 4. The optimal lag-length model takes the following 
form: 

∆ logℎ𝑝𝑝𝑡𝑡 = 𝛼𝛼(𝑟𝑟 + 𝛽𝛽1 logℎ𝑝𝑝𝑡𝑡−1 + 𝛽𝛽2 log𝐺𝐺𝐷𝐷𝐼𝐼 𝑝𝑝𝑒𝑒𝑟𝑟𝑟𝑟𝑟𝑟𝑝𝑝𝑡𝑡−1 + 𝛽𝛽3𝑢𝑢𝑟𝑟𝑒𝑒𝑢𝑢𝑝𝑝𝑢𝑢𝑡𝑡−1 + 𝛽𝛽4𝑟𝑟𝑒𝑒𝑟𝑟𝑡𝑡𝑡𝑡−1

+ 𝛽𝛽5𝑠𝑠𝑡𝑡𝑝𝑝𝑟𝑟𝑟𝑟 𝑝𝑝𝑒𝑒𝑟𝑟𝐻𝐻𝐻𝐻𝑡𝑡−1) + �𝛾𝛾𝑖𝑖1
3

𝑖𝑖=1

∆ log ℎ𝑝𝑝𝑡𝑡−𝑖𝑖 + 𝛾𝛾2 ∆ log𝐺𝐺𝐷𝐷𝐼𝐼 𝑝𝑝𝑒𝑒𝑟𝑟𝑟𝑟𝑟𝑟𝑝𝑝

+ 𝛾𝛾3 ∆ log𝑢𝑢𝑟𝑟𝑒𝑒𝑢𝑢𝑝𝑝𝑢𝑢 +  �𝛾𝛾𝑗𝑗4
3

𝑗𝑗=0

∆ log 𝑟𝑟𝑒𝑒𝑟𝑟𝑡𝑡𝑡𝑡−𝑗𝑗 + 𝛾𝛾5 ∆ log 𝑠𝑠𝑡𝑡𝑝𝑝𝑟𝑟𝑟𝑟 𝑝𝑝𝑒𝑒𝑟𝑟𝐻𝐻𝐻𝐻 + 𝜖𝜖𝑡𝑡 

where ℎ𝑝𝑝 means house prices, 𝐺𝐺𝐷𝐷𝐼𝐼 𝑝𝑝𝑒𝑒𝑟𝑟𝑟𝑟𝑟𝑟𝑝𝑝 is the gross disposable income per capita, 
𝑢𝑢𝑟𝑟𝑒𝑒𝑢𝑢𝑝𝑝𝑢𝑢 stands for unemployment, 𝑟𝑟𝑒𝑒𝑟𝑟𝑡𝑡 for rental costs and 𝑠𝑠𝑡𝑡𝑝𝑝𝑟𝑟𝑟𝑟 𝑝𝑝𝑒𝑒𝑟𝑟 𝐻𝐻𝐻𝐻 is the number 
of apartments per households. ∆ log stands for logarithmic differences.  

The F-statistic, which belonged to the model, was higher than the upper-bound critical 
value on the 99% level of significance, and therefore we rejected the null of no 
cointegration (Table A.2 in Appendix A). Finally, the cointegrating relationship was 
estimated as follows:   

log ℎ𝑝𝑝𝑡𝑡 = −3.752 + 2.340 log𝐺𝐺𝐷𝐷𝐼𝐼 𝑝𝑝𝑒𝑒𝑟𝑟𝑟𝑟𝑟𝑟𝑝𝑝𝑡𝑡 − 0.055 log𝑢𝑢𝑟𝑟𝑒𝑒𝑢𝑢𝑝𝑝𝑢𝑢𝑡𝑡  − 0.507 log 𝑟𝑟𝑒𝑒𝑟𝑟𝑡𝑡𝑡𝑡
−  2.549 log 𝑠𝑠𝑡𝑡𝑝𝑝𝑟𝑟𝑟𝑟 𝑝𝑝𝑒𝑒𝑟𝑟𝐻𝐻𝐻𝐻𝑡𝑡 + 𝜖𝜖𝑡𝑡�  

For the alternative estimate with the number of apartments per indicator of effective 
demand (𝑠𝑠𝑡𝑡𝑝𝑝𝑟𝑟𝑟𝑟 𝑝𝑝𝑒𝑒𝑟𝑟 𝐼𝐼𝐼𝐼𝐷𝐷), the optimal lag-length model is the following:  
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∆ logℎ𝑝𝑝𝑡𝑡 = 𝛼𝛼(𝑟𝑟 + 𝛽𝛽1 log ℎ𝑝𝑝𝑡𝑡−1 + 𝛽𝛽2 log𝐺𝐺𝐷𝐷𝐼𝐼 𝑝𝑝𝑒𝑒𝑟𝑟𝑟𝑟𝑟𝑟𝑝𝑝𝑡𝑡−1 + 𝛽𝛽3𝑢𝑢𝑟𝑟𝑒𝑒𝑢𝑢𝑝𝑝𝑢𝑢𝑡𝑡−1 + 𝛽𝛽4𝑟𝑟𝑒𝑒𝑟𝑟𝑡𝑡𝑡𝑡−1
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Using the bound test and the F-statistic, we again rejected the null of no cointegration 
(Table A.2 in Appendix A). The cointegrating relationship is estimated as follows: 

logℎ𝑝𝑝𝑡𝑡 = 1.128 + 1.292 log𝐺𝐺𝐷𝐷𝐼𝐼 𝑝𝑝𝑒𝑒𝑟𝑟𝑟𝑟𝑟𝑟𝑝𝑝𝑡𝑡 − 0.100 log𝑢𝑢𝑟𝑟𝑒𝑒𝑢𝑢𝑝𝑝𝑢𝑢𝑡𝑡  −
0.317 log 𝑟𝑟𝑒𝑒𝑟𝑟𝑡𝑡𝑡𝑡 −  0.374 log 𝑠𝑠𝑡𝑡𝑝𝑝𝑟𝑟𝑟𝑟 𝑝𝑝𝑒𝑒𝑟𝑟 𝐼𝐼𝐼𝐼𝐷𝐷𝑡𝑡 + 𝜖𝜖𝑡𝑡�   

Deviations of house prices from the long-run relationships using both specifications 
are displayed in Figure 1. Estimation details are provided in Table A.3 in Appendix A. 

Figure 1: Inverted demand model  
House prices and their deviation from the cointegrating relationship 

(logarithmic differences, rhs: logarithmic scale) 

 
Source: Data from CZSO, authors’ calculations 
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4.1.4. Results 

The misalignment of residential property prices is measured as the difference between 
the observed price levels and the levels given by the estimated long-run relationship 
(Figure 1). The results of the two model specifications identify two major periods of 
overvaluation – the first between 2003 and 2004 and the second one between 2007 and 
2014. According to the estimates, during these episodes, the overvaluation reached 13%–
15% in the mid of 2003 and 26% in the third quarter of 2008, respectively. At the end of 
2019, which is the last point of our sample, house prices were estimated as overvalued by 
10%–16% according to the first and second specification, respectively.   

According to the first specification, house prices decreased to equilibrium values at the 
beginning of 2015, following the previous peak. The “remaining” overvaluation between 
2010 and 2014 is, nevertheless, quite striking, given that house prices just reached their 
bottom in 2014 after previous corrections. To some extent, this could be explained by a 
“bottom-up” price bubble, with unemployment and disposable income being unchanged 
or improving while the house prices were still decreasing. According to the second 
specification, which takes into account the effective demand of households, the 
overvaluation persisted in the market after 2008, even though it decreased to almost one 
third at the beginning of 2015. This may be a result of the gradual decrease in the indicator 
of effective demand, which was due to the shrinkage of number of young families13. 

 Alternatively, the remaining overvaluation between 2010 and 2014 could be due 
omission of other important sources of demand for residential real estate in both of our 
specifications. First, we disregard the fact that pressure on house prices may also result 
from the demand for bigger or smaller apartments14 as a consequence of the ageing, and 
the related mismatch of supply, or from the significant share of apartments that may be 
occupied by individuals not covered by the SILC data or the number of population (e.g. 
students or non-residents). Lastly, we disregard the fact that another component of the 
effective demand for housing is the effective demand for investment purposes, which may 
weight up or down on the demand for the owner-occupied housing. On the other hand, 
decreasing affordability of house purchase, or limited room for yield from investment into 
housing can be affecting house prices in the other direction.     

 
13 According to the SILC, there were 230ths of families in the age group of below 29 years in 2019 compared 
to 280ths in 2006.  
14 As far as households previously owned an apartment, they do not count in our indicator of effective 
demand.  
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Figure 2: Comparison of results from alternative models I   
Deviation of house prices from the cointegration relationships  

(logarithmic differences) 

 
Source: CNB, data from CZSO, Eurostat and CNB, authors’ calculations 

Compared to our estimates for the end of 2019, both the “prudential” and “valuation” 
approach by Plašil and Andrle (2019) (see CNB, 2020, for the most recent results) suggest 
somewhat higher overvaluation (Figure 2). Our results also differ from those of the CNB 
for the earlier years, as the approaches by Plašil and Andrle (2019) suggest slight 
undervaluation in 2015. Overall, the two approaches by Plašil and Andrle (2019) seem to 
yield higher degree of the house price misalignment both in the upturns and downturns. 
Given that – different from Plašil and Andrle (2019) – we chose not to explain equilibrium 
house prices using the current historically low mortgage interest rates, this can be again 
pointing at some omitted variables in our approach.      

4.2. Simple accelerator model of equilibrium house prices 

4.2.1. Motivation 

When estimating the overvaluation in the way described in 4.1, potential errors in the 
valuation of residential property prices can arise in various ways and go in either direction. 
On the one hand, omission of a significant fundamental can mean that the approach 
wrongly assesses the house price growth as building up the bubble even though this growth 
is fully balanced. On the other hand, if the factors explaining house price growth include 
one which itself contains a non-equilibrium component, that factor may contribute to 
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house price growth being assessed as sustainable and the degree of overvaluation is being 
underestimated. The probability of such an error is higher if the relationship between the 
house prices and this factor is endogenous, i.e. if the fundamentals are themselves driven 
by the emerging price bubble. In such case, even “wrong” house price growth may be 
mistakenly explained by fundamentals.  

Such a situation can arise, for example, when growth in residential property prices and 
increasing demand for housing generate excessive activity by property developers, who – 
in the search for profit – create a construction boom. The increased construction activity 
leads to faster economic growth and possibly in a surge in wages. The rise in residential 
property prices is thus accompanied by an improvement in household income, even though 
the whole process was started by over-optimistic expectations about housing demand. The 
role of financial sector in these relations is two-fold. In one direction, credit providers may 
relax lending standards, following over-optimistic expectations about financial conditions 
of the buyers. On the other hand, increasing house prices allow for greater leverage when 
financing the purchase via loan, as the property serves as collateral to such loans. For all 
these reason, in order to correctly assess house price sustainability it is also vital to monitor 
aggregate economic relationships in a potentially overheating economy. 

As mentioned earlier, some authors argue that the inclusion of the business and credit 
sectors may explain some of the non-linearities in house price dynamics. On the one hand, 
indebtedness can cause stickiness of the house prices after the peak, as potential sellers are 
unwilling to sell their property at lower prices. On the other hand, the over-supply of 
property, which may be a consequence of the previous construction boom, can provide 
additional pressure on house prices to decrease.   

The following exercise aims to shed light on the relationships between house price, 
business, and credit cycles are in the Czech Republic. To this purpose we use a simple 
setting in which house prices are modelled together with the volume of mortgage loans 
and GDP as the key indicators of the three cycles.    

4.2.2. Data 

For house prices, we again use the transaction prices of the apartments from the CZSO. 
For mortgage loans, we use the stock volumes published by the CNB. Finally, the GDP is 
taken from the CZSO. All time series ware transformed to real terms and logarithms. 

The dataset covers the period between 1999 and 2019, and it is quarterly (see Figure 
A.2 in Appendix A for the display of variables).   
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4.2.3. Empirical analysis  

In the empirical part, we closely followed the approach of Kavkler et al. (2007): First, 
we tested for unit root in all of the variables and for cointegrating relationships between 
them. Having found such relationships, we estimated a vector error correction model. An 
important part of explaining the adjustment of the prices one to each other was testing for 
the non-linearity in the short-term dynamics and estimating parameters of such dynamics. 
This was done using the Johansen framework for cointegration and vector-error correction, 
further extended to a smooth-transition VECM.  

Using ADF test for unit root, the null hypothesis of unit root could not be rejected for 
all variables except for mortgage credit (Table A.4 in Appendix A). Nevertheless, given 
the empirical evidence on the behaviour of this time series, we considered that result not 
very plausible. Therefore, we proceeded with testing for the cointegrating relationships 
among variables. The time trend was estimated as significant in all the auxiliary 
regressions of the ADF test when the null of the unit root was not rejected. For this reason, 
we opted for including the time trend also in the vector error correction representation, 
which is used for the cointegration testing. Based on the information criteria from an 
auxiliary VECM estimate, we tested for cointegration using four lags of the endogenous 
variables.  

Using a sequence of trace and max eigenvalues statistics, we found two cointegrating 
relationships to be present (Table A.5 in Appendix A). For three variables, this a maximum 
number of such relationships, meaning that all three variables are mutually related. The 
estimated relationships had the following form:  

logℎ𝑝𝑝𝑡𝑡 = 3.843 + 0.194 log 𝑟𝑟𝑟𝑟𝑒𝑒𝑑𝑑𝑡𝑡 − 0.0002 𝑇𝑇𝑡𝑡𝑟𝑟𝑒𝑒𝑟𝑟𝑑𝑑𝑡𝑡 + 𝜖𝜖𝑡𝑡�  

log𝐺𝐺𝐷𝐷𝐺𝐺𝑡𝑡 = 13.395 + 0.080 log 𝑟𝑟𝑟𝑟𝑒𝑒𝑑𝑑𝑡𝑡 + 0.003 𝑇𝑇𝑡𝑡𝑟𝑟𝑒𝑒𝑟𝑟𝑑𝑑𝑡𝑡 + 𝜔𝜔𝑡𝑡� 

where ℎ𝑝𝑝 means house prices, 𝑟𝑟𝑟𝑟𝑒𝑒𝑑𝑑 stands for mortgage loans and 𝑇𝑇𝑡𝑡𝑟𝑟𝑒𝑒𝑟𝑟𝑑𝑑 is the time 
trend. 

Deviations of the house prices and the GDP from these two long-run relationships are 
displayed in Figure 3. Estimation details are provided in Table A.6 in Appendix A.  



Analyzing Residential Real Estate Prices in the Czech Republic  41 
 

Figure 3: Simple accelerator model  
House prices and their deviation from the cointegrating relationship 

(logarithmic differences, rhs: logarithmic scale) 

 
Source: Data from CZSO and CNB, authors’ calculations 

In the second step, we moved on to testing for the non-linearities in the short-term 
dynamics, which are characterized by the adjustment of variables to the long-term values 
given by the cointegrating relationships. To this end, we considered three transition 
variables, all of which were the lagged values of the endogenous variables. For each 
transition variable, we considered 1 to 5 lags. Using the approach of Camacho (2004), we 
first tested for non-linearities in the adjustment of the individual variables, i.e. in the 
individual equations of the system. The results suggest that non-linearities are present for 
all equations, regardless of the choice of transition variable and the number of lags  
(Table A.7 in Appendix A). We proceeded with testing for the non-linearities of the system 
as a whole, which confirmed the presence of such non-linear dynamics (Table A.8 in  
Appendix A).  

As for the transition variable for our STVECM, we chose the fifth lag of the house 
price growth, for which the test of the system of equations rejected the linearity of the 
system at the highest confidence level. While we assumed that the transition variable is 
the same for both asking and transaction prices, when it comes to the choice of the 
transition function, we tested for the best fit on an equation-specific basis. Using a series 
of nested hypothesis testing, we concluded that for house prices, the non-linear behaviour 
is better approximated by an exponential function, while for the credit and GDP the non-
linear dynamics we should use the logistic function (Table A.9 in Appendix A).   
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Having chosen the transition variable and functions, we proceeded with estimating the 
parameters of the non-linear adjustment using STVECM. For higher smoothness, we used 
seasonal differences (i.e. year-on-year growth rates of the endogenous variables) for 
explaining the short-term dynamics.15 On the other hand, to limit the number of 
coefficients we opted for including just two lags of the endogenous variables. The model 
takes the following form:  

∆𝑠𝑠 log𝑦𝑦𝑗𝑗𝑡𝑡 = 𝑟𝑟 + �𝛼𝛼𝑖𝑖𝑗𝑗
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where 𝑦𝑦𝑗𝑗 , 𝑗𝑗 = (1, 2, 3) is the vector of endogenous variables ℎ𝑝𝑝, 𝐺𝐺𝐷𝐷𝐺𝐺 and 𝑟𝑟𝑟𝑟𝑒𝑒𝑑𝑑 
respectively, 𝐼𝐼𝑇𝑇1 and 𝐼𝐼𝑇𝑇2 are the two error terms (i.e. deviations of the endogenous 
variables from the values given by the cointegrating relationships), 𝐹𝐹𝑗𝑗  are the respective 
transition functions corresponding to the endogenous variables, 𝐷𝐷𝑗𝑗  are the deviations of 
the transition variable from the threshold level and 𝜎𝜎 is the parameter of the smoothness 
of adjustment. ∆𝑠𝑠 log stands for seasonal logarithmic differences.  

We estimated this model for 50 partitions of the transition variable as the threshold 
level and for 100 values of the adjustment coefficient and chose the one for which the 
logarithm determinant of the squared residuals was minimized. The results suggest that 
the regime switch happens around the moment when the house prices growth reaches 5.9% 
five quarters before. The results further suggest that we should use the value of 1 as the 
adjustment coefficient. 

4.2.4. Results 

Similar to 4.1, the misalignment of house prices is measured as the difference between 
the observed price levels and the levels given by the estimated long-run relationship 
(Figure 2). The results identify three periods of overvaluation – the first between 2003 and 
2005, the second between 2007 and 2010, and the third from 2017 onwards. The extent of 
the estimated overvaluation ranges between 24% in 2009 to 19% at the end of 2003 and 

 
15 Accordingly, we used seasonal differences in auxiliary regressions for all the previous tests.  
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over 16% at the end of 2019, which is the last point covered by the sample. The results 
also suggest that there were periods of significant price correction, leaving house prices 
notably undervalued (even though not to the extent of the previous overvaluation). 
Compared to the estimates from 4.1., the results show similar extent of overvaluation 
around the house price peek in 2008 (Figure 4). Nevertheless, they detect more significant 
under- and overvaluation in the subsequent downturn and the most recent upturn, which 
are the periods when the mortgage credit financing became more significant. This may 
suggest that the endogeneity of house prices with respect to the other variables and 
especially the credit channel is important and should be considered when the sustainability 
of house prices is being assessed. Still, the comparison can be also inflated by the omission 
of certain factors in the inverted demand model (see section 4.1. for further discussion of 
these omissions). 

For the recent period, results from our approach are quite similar to those published by 
the CNB, and to the “prudential approach” in particular (see again CNB, 2020, for the 
results, and Plašil, Andrle, 2019, for the methodology). Still, the results differ in terms of 
timing. This may be because our approach considers lagged values of the determinants, 
while the approaches of Plašil and Andrle (2019) are purely forward-looking.      

Figure 4: Comparison of results from alternative models II   
Deviation of house prices from the cointegration relationships 

(logarithmic differences) 

 
Source: CNB, data from CZSO, Eurostat and CNB, authors’ calculations 
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Regarding the non-linearities in short-term dynamics, the model identifies an inner 
regime, which follows periods of house price growth between -3% and 13% year-on-year 
(with a lag of five periods), and periods of non-linear adjustment when house prices 
increase or fall more sharply (Figure 5).16 The outer regime, which is also assumed by the 
transition function, would be consistent with extreme price dynamics, which have not been 
experienced in the Czech Republic thus far. Therefore, the second regime is never reached 
by the model because a large part of the rapid price movements is interpreted as the non-
linear adjustment. From this, it is clear that the results are affected by substantial changes 
around the past peaks in 2003 and 2008 and troughs in 2005 and 2013. As a result of these 
abrupt but short-lived dynamics, the model attributes some of the other periods of “high 
growth rates” to the inner regime. This is also the case for the most recent period (since 
2014) when the house price growth has been rather prolonged but characterized by lower 
growth rates from the historical perspective (even though in cumulative terms, the recent 
house price increases have surpassed those from the previous cycles).   

Figure 5: Simple accelerator model  
Results of STVECM  

3.1 Transition var. and regimes  3.2 Transition function  
(%) (x axis: transition var., y axis: funcion value) 

 

 

Source: Data from CZSO, authors’ calculations 

 
16 For this we assume that the inner and outer regimes are reached when the value of the transition function 
is below 0.05 and above 0.95 respectively.   
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4.3. Analysis of the interaction between asking and transaction prices  

4.3.1. Motivation  

Contrary to financial markets, research on real estate markets – as markets for other 
types of assets – lacks the theory behind the behaviour of agents. Instead of modelling 
these expectations directly, the existing models consider a wide range of supply and 
demand determinants. The part of house prices that is not explained by these fundamentals 
is then considered to be driven by expectations and associated with the house price bubble. 
While this is a plausible approach, a closer look at the strategies behind the sellers’ and 
buyers’ behaviour might help to explain the non-linearities that were identified on both the 
upward and downward sides of the house price cycle.   

The ambition of this research is not to fill this wide gap. Nevertheless, inspired by the 
lines above, we look at the interaction between the asking and transaction prices over the 
house price cycle to see whether and how they adjust one to each other.17 In this way, we 
examine whether the dynamics of these two types of prices can help us explain in what 
phase of the house price cycle we are positioned and whether we may expect these prices 
to further diverge or come closer. When doing so, we consider the asking prices to be a 
kind of revealed expectations of the sellers, while the transaction prices arise from the 
expectations of both the sellers and buyers.  

Understanding these dynamics may help to identify the position in the house price 
cycle and potential risks for various economic sectors. On the one hand, rising asking 
prices may lead to self-fulfilling expectations of households about further appreciation of 
house prices. This may fuel house price overvaluation and increase risks in the household 
sector if households take on excessive debt to finance the property. On the other hand, if 
the asking prices are not followed by the transaction prices, this may lead to the default of 
loans to construction companies as they may not be able to sell real estate at the prices 
expected.  

On theoretical grounds, we assume that the asking prices recover earlier from the 
previous corrections, being a forward-looking indicator in the early phases of the house 
price cycle. At the beginning of the recovery, the dynamics of the asking prices may be 
accelerating, as sellers are seeking ways to increase profits from the sale. Nevertheless, 
this dynamic may be weakening as the spread between the asking and transaction prices 

 
17 Data on number of residential real estate transactions, which would be another information relevant for 
this analysis, has been discontinued since 2014 due to legislative changes in the Civil Code.  
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becomes too high. Such periods may be characterized by catching up of the transaction 
prices, as the buyers observe the growth in asking prices and based on this they make their 
expectations about further appreciation of the house prices. Anecdotal evidence has shown 
that in certain times, transaction prices may even surpass asking prices, revealing strong 
beliefs of buyers that the prices appreciate further on (possibly also impacted by other 
factors such as a shortage of housing supply). On the other hand, the closer to the house 
price peak, the more are transaction prices influenced by the income constraints of the 
buyers, rather than being fully representative of the expectations on the market. In 
particular, buyers may tend to seek relatively cheaper property or smaller property, which 
may have lower absolute but higher relative price compared to the bigger property of 
otherwise similar characteristics. After a house price reversal, which may follow either 
endogenous or exogenous negative shock, we further assume that the transaction prices 
adjust downwards quicker than the asking prices. This would be in line with the motivation 
of sellers to keep house prices at elevated levels, as suggested by various authors (see, for 
example, Genesove and Mayer, 2001, or Engelhard, 2003).       

4.3.2. Data 

To conduct the analysis, we use data on asking and transaction prices from CZSO. This 
data covers the period from 2005 to 2019, i.e. roughly two business cycles. The data is 
only available in the form of index and retrieving the absolute prices has proved to be 
problematic. Nevertheless, we believe that working with an index is sufficient to analyze 
the relative dynamics of the two types of prices. Moreover, the starting date of the dataset 
corresponds with the time when house prices stopped decreasing after the correction from 
the peak in 2003. At that moment, house prices might be at the equilibrium values or just 
slightly undervalued, as suggested by our estimates in parts 4.1 and 4.2. This also means 
that the asking and transaction prices might be close to each other at that moment, even 
though there might be a certain gap in between. That given, we use the year 2005 as the 
basis for both prices indices and analyze the widening or narrowing of the gap between 
these prices from then onwards. When describing the results, however, it has to be born in 
mind that the actual gap between the prices may be slightly higher or lower than estimated, 
depending on the size of the gap which was present in 2005.  

Being aware that in the Czech Republic, the house price developments in the capital 
may differ from those in the rest of the country, we analyze the asking and transaction 
prices in Prague and the rest of the country separately. By this, we want to avoid 
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impairment of the results by averaging the prices across areas characterized by different 
dynamics.       

4.3.3. Empirical analysis 

Similar to the analysis in 4.2, we proceed as follows: We tested for unit root in the 
asking and transaction prices and for cointegrating relationship between them. Having 
found such a relationship, we estimated a vector error correction model. Subsequently, we 
analyzed whether there are non-linearities in the short-term dynamics. Again, this was 
done using the Johansen framework for cointegration and vector-error correction, further 
extended to a smooth-transition VECM.  

Using ADF test for unit root, we could reject the null hypothesis of unit root for any 
of the variables (Table A.10 in Appendix A). Next, we tested for the cointegration 
relationship between the asking and transaction prices, separately for Prague and the rest 
of the country. The time trend was estimated as significant in all the auxiliary regressions 
of the ADF test. For this reason, we opted for including the time trend also in the vector 
error correction representation, which was used for the cointegration testing. Information 
criteria suggested that we should include four lags of the endogenous variables in the 
model.  

Following with a sequence of trace and max eigenvalues statistic, we found that the 
cointegrating relationship is present both for Prague and the rest of the country (Table A.11 
in Appendix A). The estimated relationships take the following form:  

log 𝑡𝑡𝑟𝑟𝑟𝑟𝑟𝑟𝑠𝑠𝑟𝑟𝑟𝑟𝑡𝑡𝑖𝑖𝑝𝑝𝑟𝑟𝑡𝑡
𝐶𝐶𝑡𝑡𝑝𝑝𝑖𝑖𝑡𝑡𝑡𝑡𝐶𝐶 = 0.543 + 0.914 log 𝑟𝑟𝑠𝑠𝑟𝑟𝑖𝑖𝑟𝑟𝑔𝑔𝑡𝑡

𝐶𝐶𝑡𝑡𝑝𝑝𝑖𝑖𝑡𝑡𝑡𝑡𝐶𝐶 − 0.003 𝑇𝑇𝑡𝑡𝑟𝑟𝑒𝑒𝑟𝑟𝑑𝑑𝑡𝑡 + 𝜖𝜖𝑡𝑡�  

log 𝑡𝑡𝑟𝑟𝑟𝑟𝑟𝑟𝑠𝑠𝑟𝑟𝑟𝑟𝑡𝑡𝑖𝑖𝑝𝑝𝑟𝑟𝑡𝑡
𝑟𝑟𝑡𝑡𝑟𝑟𝑖𝑖𝑟𝑟𝑛𝑛𝑠𝑠 = −1.955 + 1.403 log𝑟𝑟𝑠𝑠𝑟𝑟𝑖𝑖𝑟𝑟𝑔𝑔𝑡𝑡

𝑟𝑟𝑡𝑡𝑟𝑟𝑖𝑖𝑟𝑟𝑛𝑛𝑠𝑠 − 0.002 𝑇𝑇𝑡𝑡𝑟𝑟𝑒𝑒𝑟𝑟𝑑𝑑𝑡𝑡 + 𝜔𝜔𝑡𝑡� 

where 𝑡𝑡𝑟𝑟𝑟𝑟𝑟𝑟𝑠𝑠𝑟𝑟𝑟𝑟𝑡𝑡𝑖𝑖𝑝𝑝𝑟𝑟 denotes transaction prices in the Capital and the rest of the 
country, 𝑟𝑟𝑠𝑠𝑟𝑟𝑖𝑖𝑟𝑟𝑔𝑔 stands for asking prices, and 𝑇𝑇𝑟𝑟𝑒𝑒𝑟𝑟𝑑𝑑 is the time trend.  

Deviations of the asking and transaction prices from the estimated long-run values are 
shown in Figure 6 for Prague and Figure 7 for the rest of the country, together with the 
display of the time series used. Estimation details are provided in Table A.12 in  
Appendix A.   

For Prague, the transition variable, which we chose on the basis of the system-wide 
test, was the second lag of the growth rate of the asking prices. For the rest of the country, 
it was the growth rate of the transaction prices lagged by five. As the transition function, 
we again considered both the exponential and logistic function. Using a series of nested 
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hypothesis testing, we nevertheless concluded that for both the asking and transaction 
prices, the non-linear behaviour is better explained by the exponential form (Table A.15 
in Appendix A).  

Finally, we estimated the parameters of the non-linear adjustment. Again, we used 
seasonal differences of the endogenous variables for explaining the short-term dynamics, 
but only two lags.18 The model takes the following form:  
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where 𝑦𝑦𝑗𝑗 , 𝑗𝑗 = (1, 2) is the vector of endogenous variables 𝑡𝑡𝑟𝑟𝑟𝑟𝑟𝑟𝑠𝑠𝑟𝑟𝑟𝑟𝑡𝑡𝑖𝑖𝑝𝑝𝑟𝑟, and 𝑟𝑟𝑠𝑠𝑟𝑟𝑖𝑖𝑟𝑟𝑔𝑔 
respectively, 𝐼𝐼𝑇𝑇 is the error term (i.e. deviation of the endogenous variables from the 
values given by the cointegrating relationship), 𝐹𝐹 is the transition function, 𝐷𝐷 are the 
deviations of the transition variable from the threshold level and 𝜎𝜎 is the parameter of the 
smoothness of adjustment. ∆𝑠𝑠 log stands for seasonal logarithmic differences.  

Again, we assumed 50 partitions of the transition variables as the threshold level and 
100 values of the adjustment coefficient. Using the same criteria as in 4.2 for choosing the 
optimal model, we conclude that for Prague, the regime switch happens around the 
moment when the growth in asking price reaches 12.9% two quarters before. The results 
further suggest that we should use the value of 100 as the adjustment coefficient, implying 
a sharp adjustment. For the rest of the country, we conclude that the regime switch happens 
around the point when the growth of transaction prices is about 1.1% five quarters before. 
The results further suggest that we should consider the value of 95 as the adjustment 
coefficient, which is a slower adjustment compared to Prague, but still a rapid one.           

 
18 Accordingly, we used seasonal differences in auxiliary regressions for all the previous tests.  



Analyzing Residential Real Estate Prices in the Czech Republic  49 
 

Figure 6: Analysis of interaction between asking and transaction prices   
Prices and their deviation from the cointegration relationship - Capital 

(logarithmic differences, rhs: logarithmic scale) 

 
Source: Data from CZSO, authors’ calculations 

Figure 7: Analysis of interaction between asking and transaction prices   
Prices and their deviation from the cointegration relationship - Regions 

(logarithmic differences; rhs: logarithmic scale) 

 
Source: Data from CZSO, authors’ calculations 
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4.3.4. Results 

Using a smooth-transition VECM, we estimated the observed long-run relationship 
between the asking and transaction prices and the adjustment of one to each other.  

As estimated by our model, the gap between the two types of prices suggests that in 
the early phases of house price growth, asking prices tend to exceed the values implied by 
the evolution of transaction prices. Before the peak, this gap closes, and the asking prices 
get below the levels implied by the transaction prices. On the other hand, when house 
prices start to decline, asking prices are found above the implied levels, given that they do 
not revert as quickly as the transaction prices do. Such results are broadly in line with our 
previous assumptions.   

Figure 8: Analysis of interaction between asking and transaction prices   
Cointegration gap in transaction prices 

(logarithmic differences) 

 
Source: Authors’ calculations 

As of the end of 2019, the results suggest that transaction prices in Prague were above 
the levels implied by the relationship between the two types of prices observed since 2005. 
At the same time, the rate of deviation between the two was close to the maximum 
observed for the most recent period. Nevertheless, this does not necessarily indicate a 
change in the phase of the house price cycle. Given that the recent period of house price 
growth has been rather prolonged, positive gaps in the transaction and asking prices have 
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been alternating within one single phase of the cycle, following temporary acceleration 
and deceleration of one of the two prices.19  

For the rest of the country, the results suggest that the gap between the transaction and 
the asking prices narrowed before the end of 2019. From the recent but also past 
perspective, the gaps between the two prices have been alternating to a lower extent within 
the individual phases of the cycle, which is probably caused by higher monotonicity of the 
price dynamics in regions (Figure 8). A higher share of investment demand in the Capital 
could possibly explain some of these differences.  

Regarding the adjustment dynamics, the corresponding model identifies an inner 
regime for the regions, which is associated with scarce periods when the transaction prices 
are stagnating (Figures 9.3 and 9.4). Accordingly, the outer regime is associated with 
pronounced changes in transaction prices which are more significant than 10% or  
-10% year-on-year. For the capital, the corresponding model finds an inner regime, which 
is associated with periods of significant changes in asking prices close to 12% year-on-
year (Figures 9.1 and 9.2). On the other hand, the outer regime is associated either with 
changes in asking prices below approximately 9%, or with periods of extreme growth in 
these prices. 

Finally, please note that in these conclusions, we do not comment on the absolute size 
of the deviation in the prices from each other. Let us recall that this is because we have 
been working with price indices, assuming that at the beginning of our sample, the two 
types of prices were at the same levels. As such, the absolute size of the deviation in the 
prices may be higher or lower than estimated by the cointegrating relationship, depending 
on the extent to which our initial assumption was wrong. Lastly, results presented in this 
part should not be interpreted as being fully representative of the buyers’ and sellers’ 
expectations. In particular, the closer to the house price peak, other factors such as 
decreasing affordability of housing or room for yield from investment may play an 
increasing role. As a result, buyers may tend to seek relatively cheaper property or smaller 

 
19 Asking prices in Prague recorded significant growth rates between the second quarter of 2012 and the 
third quarter of 2013 according to the CZSO (6.2–9.7% in nominal terms). These growth rates were 
extraordinary compared to those in the preceding and the following quarters (-0.3% in the first quarter of 
2012 and 1.9% in in the second quarter of 2013) and were not followed by an acceleration in transaction 
prices. For this reason, we retained alternative estimates, for which we substituted these growth rates in 2012. 
In particular, we interpolated the missing data using moving average. As a result, the estimated gap between 
asking and transaction prices is lower in Prague for 2012 compared to the gap showed in Figure 6 and 8. 
Nevertheless, in the remained of the analysis we continued working with the original time series, as the 
significant growth of asking prices in 2012 might be also due to the overshooting of the sellers, following 
previous house price decreases and thus in anticipation of the recovery. 
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property, which may have lower absolute but higher relative price compared to the bigger 
property of otherwise similar characteristics.  

Figure 9: Analysis of interaction between asking and transaction prices 
Results of STVECM 

9.1 Transition var. and regimes – Capital  9.2 Transition function – Capital 
(%) (x axis: transition var., y axis: transition value) 

 

 

9.3 Transition var. and regimes – regions 9.4 Transition function – regions 
(%) (x axis: transition var., y axis: transition value) 

 

 

Source: Data from CZSO, authors’ calculations 
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4.4. Testing for the stability of house prices with respect to incomes 

4.4.1. Motivation 

As has been said, numerous authors work with the assumption that house prices may 
not diverge from incomes, i.e. that the price-to-income ratio should be stable over the 
medium to long term. Nevertheless, for the past transition economies, one of which is the 
Czech Republic, we can find reasons why this may not necessarily hold. This may happen, 
for example, in times of strong economic convergence when relative prices of goods and 
services change significantly. As the countries become more developed, prices of 
necessary goods and services tend to become relatively cheaper, leaving households with 
higher margins over their incomes. Assuming that there is a price arbitrage between owner-
occupier and rental housing, households may be – depending on their preferences – 
motivated to devote increasing part of their incomes to purchasing their homes, something 
that can be pressing on the house price appreciation. If this hypothesis held, house prices 
would be rising faster than incomes alongside increasing GDP per capita.   

In 4.1 and 4.2, we estimated the long-term equilibrium values of the house prices using 
a linear trend. Taking into account the trend in the GDP per capita, this roughly implies 
that we also assumed stability of house prices with respect to the macroeconomic 
fundamentals. In the remainder of this chapter, we check for the plausibility of such an 
assumption.     

In the absence of sufficiently long cross-country data on house price-to-income 
ratios20, we test for cointegration between house prices and GDP per capita on a panel of 
EU and world economies, which for some countries spans from 1970s. We believe that is 
a plausible approach compared to the first best alternative of testing stationarity of the 
house price-to-income ratios21, given that the GDP per capita and household disposable 
income tend to be strongly correlated. In addition, the GDP per capita brings the 
information about the economic growth and the speed of convergence of the individual 
countries.     

 
20 Such data are published by the OECD but they only span from 1996.  
21 Similar approach was adopted by Gallin (2003), who analyzed cointegration between house prices and 
incomes across the US cities. 
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4.4.2. Data 

In the following analysis, we use data on real house prices and GDP per capital 
(expressed in terms of purchasing power parity and in 2010 USD values) for a set of 37 
countries published by the BIS and the World Bank.  

The choice of the countries was governed by the need to cover 1) countries with 
sufficiently long time series (this allows observing the long-term trend in house prices with 
respect to the GDP per capita, along with the countries’ economic development), 2) 
countries with catching-up economic effect (this is to consider countries with potentially 
stronger impact of the economic growth on the relation between house prices and income), 
or countries of different degree of economic development (this enhances the information 
content of the sample; in particular, it increases the heterogeneity of the sample with 
respect to the economic development, as countries that may be experiencing the relatively 
more rapid growth suffer from short time series), and 3) countries as homogeneous as 
possible as regards all the other factors. This brought us to the following set of economies:   

i. countries that entered the EU in or after 2005, including the Czech Republic,22 

ii. all the other EU and EEA countries,23  

iii. a few other world economies for which long time series for house prices were 
available (Australia, Canada, South Korea, Japan, New Zealand, Switzerland and the US). 

The time series are of yearly frequency and they cover the period from 1970s to 2019. 
Nevertheless, the panel is unbalanced and for most of the converging countries the time 
series only start in around 2007 (for details on the time series length see Figures A.3–A.5 
and Table A.19 in Appendix A). On the other hand, even in these countries the data is of 
sufficient length to roughly cover one house price cycle. For the Czech Republic, time 
series for house prices from 1999, published by the CZSO, was used (the same data was 
applied through Chapter 1).  

Both the real house prices and the GDP per capita (PPP, 2010 USD values) were 
transformed into logarithmic form. While for the GDP per capita, one would assume that 
the time series would not follow “more than linear” trajectory, this does not hold for all 
the countries in the sample (Figure A.6 in Appendix A).   

 
22 Bulgaria, the Czech Republic, Estonia, Croatia, Hungary, Lithuania, Latvia, Poland, Romania, Slovakia, 
Slovenia. 
23 Austria, Belgium, Cyprus, Germany, Denmark, Spain, Finland, France, still the United Kingdom, Greece, 
Ireland, Iceland, Italy, Luxembourg, Malta, the Netherlands, Portugal, Norway, Sweden.  
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4.4.3. Empirical analysis 

To test for cointegration between house prices an the GDP per capita, we decided to 
use a panel cointegration test first to potentially increase the power of the results. Given 
that the time series for the converging economies are rather short, it is unclear to what 
extent they capture the catching-up efect, which we are particularly interested in. From 
that perspective, including countries of different degree of economic development or 
countries with longer time series could bring more information to the sample. On the other 
hand, the country-specific coefficients, which are considered in the Pedroni panel 
cointegration test, should address the downsides of such a heterogeneity to some extent. 
To check for robustness of the results, we ran this test on the whole sample of the countries, 
as well as for the three groups of them in isolation. Lastly, we conducted a series of 
cointegration tests country by country.  

The test regression considered linear trend, the number of lags according to the AIC 
and country-specific regression coefficients. Using these specifications, we could reject 
the null of no cointegration in favor of the alternative that there is cointegration in all 
countries in the panel (Table A.17 in Appendix A).24 Nevertheless, this was hard to 
conclude for the individual groups of countries, as the alternative test statistics suggested 
different results with respect to the null hypothesis of no cointegration (again Table A.17 
in Appendix A). In particular, the null can be clearly rejected for the group of “other world 
economies”, which represent a balanced panel spanning from 1971. For the two groups of 
EU and EEA countries, the null of no cointegration could not be rejected clearly.  

  Therefore, we proceeded with testing for cointegration country by country. To this 
end, we used the ARDL cointegration approach, given that for some of the time series we 
rejected the null hypothesis of the unit root (Table A.18 in Appendix A). As in the panel 
test, linear trend and the number of lags according to the AIC were considered in the test 
regression. Nevertheless, out of the “new EU countries”, we could only perform this test 
for the Czech Republic, Croatia and Lithuania, for which we had the data from 1999 or 
2002. Moreover, also some countries from the other EU and EEA members had to be 
omitted due to the limited availability of data for an individual country analysis.  

Based on such country-specific tests, the null hypothesis of no cointegration was 
rejected for most of the economies for which shorter time series (i.e. starting in around 
2000) were available (Table A.19 in Appendix A). Those countries included some 
potentially converging economies (the Czech Republic and Croatia) as well as a few well 

 
24 Results of the panel unit root tests for the individual variables are shown in Appendix A, Table A.16.   
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developed countries (Austria and Iceland). On the other hand, for the majority of the well 
developed countries for which long time series (i.e. starting in early 1970s) were available, 
the null hypotehesis of no cointegration could not be rejected. Those countries included 
Belgium, Denmark, Finland, France, Germany, Ireland, Norway, Spain, Sweden and the 
UK, as well as Australia, Canada, Japan, Korea, New Zealand and the Switzerland. 
Exceptions to this conclusion were just Italy, Netherlands and the US. 

4.4.4. Results 

The panel and the country-specific results yield rather different results. Presumably, 
the panel approach may be affected by the heterogeneity of the countries and the different 
length of time series included. The country-specific tests suggest that in countries with 
long time series, house prices may grow at different speed than the GDP per capita. On 
the other hand, in countries for which the time series are shorter, house prices and the GDP 
per capita may evolve in line with each other according to the country-specific tests.  

Given the close relation between the GDP per capita and household disposable income, 
this could mean that house prices are not stable with respect to income in the long run and, 
therefore, that this assumption should not be used when estimating the equilibrium house 
prices on longer samples. On the other hand, it might still be plausible to use it for shorter 
samples, including for some catching up economies, as the results for the Czech Republic 
suggest. This is particularly relevant for parts 4.1. and 4.2. of this chapter, where this 
particular assumption was applied to the Czech Republic.   

 Nevertheless, it should still be emphasized that the GDP per capita and household 
disposable income are different variables, even though they are closely inter-linked. 
Therefore, to check whether house prices are stable with respect to income in the long 
term, one would need to examine the stationarity of the house price-to-income ratio. 
Unfortunately, this is currently hindered by the lack of sufficiently long times series of this 
ratio for a wide set of countries.   

5. Conclusion  

In this chapter, we touch upon some of the most widely debated questions from the 
literature on housing markets and we analyze them in the context of the Czech Republic.  

Initially, we present two model-based approaches to estimating the under- or 
overvaluation of house prices. First, we show the application of a type of inverted demand 
model, in which house prices are explained using their demand and supply determinants, 
and which we extend to take into account the population ageing in the Czech Republic 
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with potential impact on the effective demand for owner-occupied housing. Second, we 
present a more macroeconomic type of model, in which house prices are allowed to interact 
with the business and credit cycle to capture the possible amplification mechanisms 
between them. In both cases, we consider the misalignment of the house prices as the error 
correction term estimated using the ARDL and Johansen approach, respectively. The 
second model provides evidence of higher deviations of house prices from their long-term 
equilibrium values for the periods when mortgage credit financing became more 
important. This may suggest that the endogeneity of house prices with respect to other 
macrofinancial variables can be significant and should be taken into account. By extending 
this second model to a smooth-transition VECM, we further analyze the nature of the non-
linearities, which can be observed in the adjustment of the house price adjustments toward 
the equilibrium values. The application of the STVECM to house prices is novel to our 
limited knowledge and provides an addition to the scarce empirical literature on non-
linearities in the house price dynamics.   

Third, we analyze the relationship between the transaction and asking prices and the 
non-linearities in the adjustment to each other. To this end, we again use the Johansen 
approach for cointegration and the STVECM. The advantage of this approach is that it 
abstracts from explaining house prices using fundamental factors, which may be at 
unsustainable levels themselves. Instead, it works with the assumption that the asking and 
transaction prices are sort of revealed expectations of the market participants. Expectations 
are, after all, considered the key drivers of the house price bubbles. Nevertheless, rather 
than a model of house price overvaluation, we regard this approach as an alternative 
indicator of the position in the house price cycle. For example, for the early phases of the 
cycle, the results confirm the initial hypothesis that the asking prices start growing faster 
and tend to get above the values which would be consistent with the growth in transaction 
prices. Furthermore, the gap between the two prices may narrow up and down during the 
cycle, depending on the temporary acceleration or deceleration of the price dynamics. 
Comparison between Prague and the rest of the Czech Republic suggests that asking and 
transaction prices in the capital city are more sensitive to the mutual changes. A higher 
share of investment demand in the Capital could possibly explain some of these 
differences. This approach is, to our limited knowledge, an original contribution to the 
house price analysis, which can be useful to countries in which data on housing 
transactions (as alternative indicator of the market sentiment) are missing.    

Finally, we check the plausibility of the assumption that equilibrium house prices do 
not deviate significantly from incomes. This assumption has been central to most of the 
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house price equilibrium models including ours, but we question whether it necessarily 
holds for the catching-up economies such as the Czech Republic. In particular, in these 
countries, the subsistence costs may be decreasing in time relative to income, something 
that could be offset by increasing house prices. In the absence of sufficiently long cross-
country data on the house price-to-income ratio, we analyze the relationship between 
house prices and the GDP per capita (as a variable which is close to the household 
disposable income) for a wide set of countries of different rates of economic growth. 
Specifically, we test for cointegration between the two variables using the Pedroni panel 
cointegration test, and a series of country specific tests based on the ARDL approach to 
cointegration. The results suggest that it may be plausible to use the assumption of house 
price stability with respect to income only for the shorter time samples, rather than the 
long run time samples, but including for countries such as the Czech Republic.  

Finally, let us recall certain limitations that apply to the results presented in this 
chapter. Regarding the inverted demand model, effective demand for housing is a much 
larger concept than the effective demand for owner-occupier housing considered in the 
extension of the model. In particular, it has another important component, which is the 
effective demand for investment purposes. This part of the demand may increase or 
decrease the pressure on house prices with an impact on the valuation estimates. 
Additionally, due to data limitations, the model does not take into account the impact of 
changing affordability of housing on the effective demand for owner-occupied housing. 
Regarding the analysis of asking and transaction prices, these prices may not be purely 
representative of the buyers’ and sellers’ expectations. In particular, they may be affected 
by the changing affordability of housing, with an impact on the buyers’ behaviour. Lastly, 
testing for cointegration between house prices and GDP per capita in the last section is 
only an approximation to analyzing stationarity of the house price-to-income ratio. The 
latter is, however, hindered by the lack of sufficiently long time series for a wide set of 
countries.     
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Chapter 2  
Measuring Risks Related to Residential Real Estate Exposures & 
Calibrating Borrower-Based Macroprudential Measures   

1. Introduction  

Risks to financial stability usually build up in an upward phase of the financial cycle 
(henceforth referred to as “good times”) characterized by overvalued house prices, relaxed 
credit standards and rapid growth in loans secured by residential property (henceforth also 
referred to as “loans” or “mortgage loans”) (Cerutti et al., 2015). These conditions increase 
risks to the financial sector, which can later face considerable credit losses during 
downturn of the financial cycle (henceforth referred to as “bad times”). If the losses reach 
a systemic scale, they may potentially result in a financial crisis. Given their mandate, 
national macroprudential authorities or other national authorities have to respond to 
systemic risk build-up in a timely manner by deploying macroprudential policy tools.  

For the EU countries, some of the macroprudential tools are set out in Capital 
Requirements Regulation and Capital Requirements Directive (CRR/CRD)25, which 
primarily covers capital requirements and capital buffers. Other tools, commonly referred 
to as borrower-based measures, are defined in a recommendation of the European 
Systemic Risk Board (ESRB)26. These include limits for loan-to-value (LTV), loan-to-
income/debt-to-income (LTI/DTI) and loan service-to-income/debt service-to-income 
(LSTI/DSTI) ratios.  

Although LTV, LTI/DTI and LSTI/DSTI caps are commonly used in EU countries, 
their rigorous calibration is quite rare (Thedéen, 2018). In most countries, there was no ex-
ante assessment of the measures at the time of their introduction and the calibration of the 
tools was largely discretionary in many of them (Jacome and Mitra, 2015). This is mostly 
due to a lack of necessary data on new loans, as well as measurement issues. The use of 
these measures has been quite novel, offering a short time span of data for analysis, and 
they have often been implemented in combination or complemented with measures from 
other policy areas (Dell’Ariccia et al., 2012). While the Financial Policy Committee of the 
Bank of England provides a set of indicators which they consider for recalibration of the 
measures, they warn that no indicators should be used mechanically and they emphasize 

 
25 Directive (EU) 2019/878, OJ L 150, 7.6.2019, pp. 253-295, and Regulation (EU) 2019/876, OJ L 150, 
7.6.2019, p. 1., amending Directive 2013/36/EU, OJ L 176, 27.6.2013, p. 338 and Regulation (EU) No 
575/2013, OJ L 176, 27.6.2013, p. 1.   
26 ESRB Recommendation on intermediate objectives and instruments of macro-prudential policy 
(ESRB/2013/1). 
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the need for policy judgement (FPC, 2015). As such, calibration of these tools will be a 
learning process, similar to that of monetary policy in the past (Dell’Ariccia et al., 2011). 

Regarding the use of debt- versus loan-related instruments, the general assumption is 
that the use of the DTI and DSTI limits is more efficient than that of the LTI and LSTI 
because it prevents circumvention of the limits by concurrent provision of other loans. 
Calibration of the DTI and DSTI limits is, however, again hindered by low data 
availability. In many countries, and especially those in which there is no credit register for 
physical persons, the information on the overall debt of individuals who have taken new 
loans may be missing, or it may not be available for a sufficiently long period.     

In this chapter, we propose a rigorous approach to measuring direct risks to financial 
stability related to residential real estate (RRE) exposures and calibrating borrower-based 
macroprudential measures with respect to the developments of the cyclical risks. This is 
first done on the basis of a relative measure of risks, by analyzing the evolution of risks in 
time and by comparing the riskiness of loans with certain characteristics. To this end, we 
use a “flow approach”, in which we analyze the inflow of new mortgage loans on a regular 
basis. Second, we present an early attempt to extend such an approach so that it becomes 
a measure of risks in absolute terms. To this end, we use a “stock approach”, in which we 
analyze the overall portfolio of mortgage loans. To accommodate the need of 
macroprudential policy to act early enough in order to be efficient, we suggest modelling 
this portfolio in a forward-looking way, assuming further inflow of loans with certain 
characteristics. This allows to assess, for example, the implications of a certain level of 
lending standards for financial stability, should they prevail for longer. Besides improving 
the assessment of the risks and calibration of the macroprudential measures, such an 
extension may find various other use. Above all, it can be used – at least to some extent – 
for assessing the effectiveness of the macroprudential measures.  

Finally, we apply both approaches to the case of the Czech Republic. To this end, we 
use anonymized survey-based data on new loans that have been collected by the Czech 
National Bank (CNB) since the second half of 2015. These data are loan-level and allow 
us to determine the risky levels of the LTI and LSTI ratios. For this reason, we complement 
our analysis with a discussion on why DSTI and DTI value for one borrower can be usually 
considered equally or more risky than the same LSTI and LTI value for another borrower 
with similar income characteristics.  

This chapter is above all a policy work, building on existing best practices in the 
international literature and usable in practical macroprudential policymaking. However, 
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we believe that the systemic and quantitative nature of the approach, which we use to 
measure the risks and calibrate the macroprudential measures, represents a clear value 
added and makes it different from other papers on the same topic. Even though we provide 
an ad hoc application of the approach to the example of the Czech Republic, the approach 
is more general and may be used in other countries as well after specific adjustments. 
Finally, to our limited knowledge, the idea of constructing a forward-looking portfolio of 
mortgage loans and having it stress tested is quite novel, pioneered so far by a few works 
only (see Levina et al., 2019 or Jurča et al., 2020).      

The chapter is organized as follows. Section 2 provides a concise review of systemic 
risks to financial stability associated with the residential real estate sector. Section 3 
describes the set of available macroprudential tools that can be used to mitigate them. 
Section 4 provides a framework for evaluation of the residential real estate risks and 
calibration of the borrower-based macroprudential measures, using both the flow and stock 
approaches. Section 5 makes an application of the proposed approach to the Czech 
Republic, and Section 6 concludes. 

2. Risks Associated with Residential Real Estate Exposures 

There are three main risk areas commonly considered in the current international 
practice. Namely, it might be useful to separately assess risks related to (i) collateral value, 
i.e., property prices, (ii) consumers’ income and debt servicing capacity and (iii) 
institutions’ loan portfolios and capitalization (see ESRB, 2016, and Table 1). 

Ad (i): The dominant type of collateral used for mortgage loans is residential property, 
which is usually also financed with the loan. The risks of collateral insufficiency can arise 
in a situation in which house prices increase above the level warranted by fundamentals 
(and become “overvalued”) and these developments are not fully recognized by the 
lenders.27 This increases the potential loss given default in the event of a subsequent slump 
in house prices to, or below, their equilibrium level. The unaltered LTV ratios amid more 
overvalued house prices imply greater risks to lenders (other things equal). House prices 
tend to be overvalued in good times, which are associated with growth in income and 
lending and relaxed credit conditions. This fuels growth in demand for housing, which 
tends to face less elastic supply. A major factor driving the growth in demand is overly 
optimistic expectations of households about further rise in house prices and interest rates, 
which in turn can motivate them to rush into property investment. This creates self-

 
27 See, for example, Box 5.1 Assessment of property price valuation by banks in CNB (2018). 
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reinforcing loops between house prices and mortgage lending (FPC, 2015). Risks can 
materialize in bad times when non-performing loans (NPLs) start to increase. In this 
situation, a fall in property prices can give rise to credit losses when the property serving 
as collateral for such loans is sold. 

Ad (ii): Income tends to be the main source of own funds used to repay mortgage loans. 
Given the length of mortgage repayment terms and the possibility of loss of employment 
or other sources of income, borrowers’ debt servicing capacity hinges on the sustainability 
of their income. Risk can arise if households accumulate excessive debt, as this increases 
the probability of default in bad times. Risks can materialize in the event of losses of, or 
declines in, borrowers’ income, or an increase in interest rates. In such a situation, debt 
service costs can exceed income net of necessary expenditure, leading to default. If house 
prices fall simultaneously, credit losses can occur as described above and amplify stress. 
In addition, growth in household debt can lead to a decrease in consumption and indirectly 
put financial stability at risk, for instance through credit losses on loans to non-financial 
corporations. Such losses can result from economic difficulties caused by firms cutting 
production or service provision in response to the fall in household consumption. 

Ad (iii): Lenders’ credit portfolios are made up of loans with certain risk 
characteristics, which together tend to form a large part of their credit standards. Lenders 
use these characteristics as a basis for determining the risk component of the interest rate, 
which is largely a function of risk. This interest rate is meant to cover not only the expected 
losses on those loans, but also the costs of the capital held to cover unexpected losses 
(along with other components such as liquidity costs). Risk can arise in situations where 
loan rates and the capital held by lenders do not take into account the risks associated with 
collateral value (i) and consumers’ income and debt servicing capacity (ii). Relaxation of 
credit standards is particularly common in good times, driven by optimistic expectations 
and increased competition on the credit market. Risks can materialize in the event of a 
sharp increase in NPLs accompanied by a fall in house prices. In such a situation, credit 
losses can reduce capital below the regulatory minimum, leading to a credit crunch in the 
real economy and even to a need to apply resolution mechanisms in the banking system.  

The first two categories of risks are referred to jointly as borrower-related (see Table 
1) and can lead to the emergence of spirals between house prices and house purchase loans. 
In such a case, house price overvaluation and credit growth gradually reinforce each other. 
The third category of risks is referred to as lender-related. Such risks arise when the 
potential loan losses are not adequately balanced by lender resilience. 



Measuring Risks Related to RRE Exposures & Calibrating Borrower-Based Measures   67 
 

3. Macroprudential Tools for Mitigating Risks Associated with RRE Exposures  

Tools can be used to mitigate both borrower- and lender-related risks. The tools that 
target lenders are aimed at increasing the resilience of lenders during bad times and 
therefore influence the amount of capital they hold. They can work directly through the 
setting of higher capital requirements on the basis of a whole range of factors, including 
risks associated with real estate exposures. Such instruments include the countercyclical 
capital buffer and the systemic risk buffer. Others can work indirectly through variables 
that affect capital requirements connected with exposures secured by residential property. 
They include higher risk weights for banks using the standardized approach to determine 
capital requirements for credit risk (under Article 124 of the CRR), a higher loss given 
default for banks using the internal rating based approach (under Article 164 of the CRR) 
and temporarily higher risk weights in the residential or commercial property sector (under 
Article 458 of the CRR). These tools increase the amount of capital held by banks in 
relation to their risk-weighted exposures, enabling them to better absorb unexpected losses 
on existing loans secured by residential property. A side-effect is that they can again 
prevent the emergence of spirals as a result of the higher capital requirements passing 
through to interest rates, and thereby contain or slow economic growth. 

The tools that target borrower-related risks directly restrict the volume of credit 
provided in relation to its riskiness (Dell’Ariccia et al., 2012). Authorities in numerous 
countries set LTV limits, which are aimed at reducing lenders’ losses given default by 
borrowers and a simultaneous fall in house prices, and LTI/DTI or LSTI/DSTI limits, 
which are targeted at reducing the probability of default by borrowers during an economic 
downturn (ESRB, 2014). The use of these measures differs across countries, including the 
primary objective to either curb the financial cycle in a precautionary way or to enhance 
resilience (Cassidy and Hallissey, 2016). While these measures leave marginal borrowers 
out of lending (Dell’Ariccia et al., 2012), in the short run they affect the quantity and 
distribution of mortgage lending and the expectations of market participants (FPC, 2015). 
All of these instruments also rein the purchasing power of households, reducing the 
pressure on house prices and thus decreasing the systemic risks (Dell’Ariccia et al., 2011). 
When used in a timely fashion, they may therefore help to prevent the emergence of spirals 
between house price growth and house purchase loans. 

The limits are applied to new loans and they may be defined either as hard caps or as 
soft limits allowing a percentage of loans to be provided in excess of the limit. In such 
cases, the proportionate caps reflect the fact that in some circumstances lending with 
higher LTVs or LTIs might be appropriate, while leaving the responsibility for the 
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individual exemptions with the banks (Cassidy and Hallissey, 2016). The limits may also 
be differentiated depending for example on the type of borrower (Cassidy and Hallissey, 
2016), currency of the loan or the level of disposable income of the loan applicants 
(Fáykiss et al., 2018). However, careful design which limits the space for circumvention 
is key to the effectiveness of these measures (Dell’Ariccia et al., 2011). While the measures 
have potential to address the risks in a very targeted way, such use may lead to a shift of 
risks to less or non-regulated parts of the financial system or to riskier products 
(Dell’Ariccia et al., 2016). For this reason, the borrower-based measures should be used 
in a broad-based way (Upper, 2017). Leakages should be avoided, for example, by 
targeting the overall indebtedness of borrowers and by applying the measures to all 
institutions that provide mortgage loans. A number of studies favour complementing the 
LTV limits with limits to income-related ratios to ensure efficiency of the policy mix (see, 
for example, Cassidy and Hallissey, 2016). 

The use of the above instruments is contingent on the observed risk levels and 
dynamics. As a preventive measure (when risks are rising but still not elevated), it can be 
particularly suitable to use tools that target borrowers (Riksbank, 2012). As they directly 
restrict the provision of new loans with riskier characteristics, they may work more 
effectively against build-up of risks. When the risks are already elevated, it can be more 
appropriate to deploy instruments that strengthen lenders’ capitalization. In practice, 
O’Brien and Ryan (2017) find out that many EU countries have used borrower-based and 
capital-based measures, especially the positive counter cyclical capital buffer, in 
conjunction.   

In the remainder of this chapter, we will concentrate on borrower-related risks and 
calibration of borrower-based measures. Specifically, we will consider the situation where 
there are risks associated with collateral value and at the same time risks associated with 
borrowers’ income and debt servicing capacity. Furthermore, we will focus on direct risks 
associated with exposures secured by residential property and abstract from the indirect 
risk of a threat to financial stability resulting from a sharp fall in household consumption 
caused by household over-indebtedness (Table 1). 
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Table 1: Overview of risks to financial stability associated with exposures secured by residential property 

 

Source: Authors based on ESRB (2016) 

Note: Arrows indicate links between the ways in which risks materialize and the impacts of them materializing. Defaults can occur in a situation of 

excessive household indebtedness coupled with a decline in income, a rise in unemployment or an increase in interest rates. This can lead to a decrease 

in household consumption and to credit losses, for example on loans to non-financial corporations (risks associated with borrowers' debt servicing 

capacity). If defaults are accompanied by a decline in house prices, losses on mortgages can occur (risks associated with house prices). Losses on 

mortgages or, for example, loans to non-financial corporations can exceed the funds that lenders have available to cover such losses (risks associated 

with lenders' capitalization). “NFCs” stands for non-financial corporations and “LGD” for loss-given default. 
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4. Suggested Approach  

4.1. Evaluating the risks – flow approach 

We propose to evaluate the direct risks stemming from residential real estate 
exposures as a function of three variables: house price overvaluation, credit standards 
and credit volume (Equation 1). House price overvaluation and credit standards 
together determine the potential losses on the average unit volume of credit and hence 
are indicators of the riskiness of loans. Combined with the volume of credit, they 
indicate the total potential losses on those loans and are thus indicators of the total size 
of the risks associated with such loans. To identify the risks in a timely manner, these 
variables can be related to new loans: 

(1) risks =  f (price overvaluation, credit standards, credit volume)  

For evaluation purposes, the key quantitative measures of credit standards are the 
LTV, which, together with house price overvaluation, determines the loss given default 
(LGD), the ratio of loans with excessive debt service or loan size relative to the 
characteristics of the borrowers (the ratio of loans at risk of default under stress), which 
indicate the probability of default (PD), and the volume of newly provided loans: 

(2) MIPL =   ∑ loan sizeii
new credit volume

∙ ∑ min [(100%− LTVi)− overvaluation; 0] ∙i

                                                                                                               new credit volume  

where MIPL denotes the macroprudential indicator of potential losses on new 
loans, i denotes individual loans at risk of default under stress, (100% – LTV) denotes 
the share of over/under-collateralisation by property, (100% – LTV) – overvaluation 
denotes the proceeds from the sale of the collateral given a fall in house prices and min 
[(100% – LTV) – overvaluation; 0] restricts the proceeds to negative values or zero, 
i.e., to credit losses.28 Additionally, the proceeds from the sale of the collateral may be 
decreased by an additional haircut on the value of the property. This may reflect the 
transaction costs related to the sale of collateral to credit providers, as well as additional 
decrease in property value due to fast or numerous sell-offs in an event of systemic 
crisis. As shown in Chapter 1, property prices may be undervalued at the trough of the 
price cycle.   

Some simple examples can be given to facilitate a better understanding of Equation 
(2). If the LTV is 80%, the over-collateralisation is 20% and there will be no loss on 

 
28 While the new credit volume, which stands for the volume of newly provided loans, could be 
eliminated from Equation (2), it is useful to keep it in for explanatory purposes. In particular, it shows 
how the MIPL can be broken down into the indicator of PD, LGD and matrices of volume. As we will 
show further, such a breakdown is important for the calibration of individual macroprudential 
instruments. In practice, however, the MIPL can be calculated simply as a sum of potential losses on 
individual loans which are identified at risk of default under stress. 
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the sale of the collateral if house prices fall by 15% (min [(100% – 80%) – 15%; 0] = 
0).29 However, if house prices fell by 25%, the loss on the sale of the collateral would 
equal 5% of the credit volume (min [(100% – 80%) – 25%; 0] = –5%).30 If the LTV 
was 110%, the under-collateralisation would equal 10% and a drop in house prices of 
15% would give rise to a loss on the sale of the collateral of 25% of the credit volume 
(min [(100% – 110%) – 15%; 0] = –25%). If, in addition, the recovery rate from the 
sale of collateral was just 80% of the original property price, the loss on the sale would 
be as high as 45%. House price overvaluation can be estimated using various 
techniques developed by the national authorities or researchers.31 Loans at risk of 
default under stress can be determined according to the approach described in sections 
4.2.1 and 4.2.2 of this chapter, i.e., as individual loans for which the financial reserve 
under stress is lower than the set threshold or for which the loan size is higher than the 
hypothetical repayable loan under stress.  

The MIPL should not be considered an exact estimate of credit losses on new loans 
in the event of stress. Rather, it should be taken as an indicator of such losses for 
macroprudential purposes, one which uses certain prudent assumptions to express 
those losses. The loss given default can be favorably affected by lenders’ ability to put 
the sale of collateral on hold until house prices start to go up again.32 On the other hand, 
it can be adversely affected by the actual situation on the property market and by its 
duration in the event of a significant price correction of a systemic nature following a 
long period of growth above the equilibrium level. Nonetheless, a rise in the MIPL over 
time indicates growth in risks, to which it may be appropriate to respond with 
macroprudential policy. The evolution of the components of this indicator (the share 
of loans with possibility of default under stress and the LGD) can meanwhile help 
determine which macroprudential instrument to use. A fall in the MIPL following the 
introduction of macroprudential instruments can then indicate the degree of 
effectiveness of the instruments.  

4.2. Calibrating borrower-based measures – flow approach 

We define a proper calibration of the borrower-based measures as such that restricts 
the provision of loans with LTV, DSTI and DTI levels that could otherwise lead to 
credit losses not being absorbed by lenders’ capital. However, the potential losses that 
would be generated by a sustained spiral between house prices and house purchase 
loans are hard to estimate. For this reason, we propose to determine the risky levels of 

 
29 We abstract from transaction costs arising from the sale of the property and the termination of the 
credit relationship. 
30 In this example, we abstract from the fact that the loan may have been partially repaid. 
31 See, for example, Plašil, Andrle (2019), Schneider (2013) or parts 4.1. and 4.2. of Chapter 1. 
32 This ability is given by lenders’ capitalisation. 



Measuring Risks Related to RRE Exposures & Calibrating Borrower-Based Measures   72 
 
the LTV, DSTI and DTI on a relative basis. Such an approach involves seeking the 
thresholds at which the risk of default or the loss rate starts to increase substantially. A 
similar approach was adopted in IMF (2018). For the LTV ratio, it holds that higher 
LTV levels (i.e., lower collateralization) almost always imply a higher loss given 
default. For the DSTI and DTI ratios, however, the probability of default depends on a 
whole range of factors, such as the borrower’s income and age, the nature of the 
household and the probability of loss of income.  

4.2.1. LTV limits 

If risks associated with collateral value are identified, the primary tool used to 
mitigate them is the LTV limit, which represents a requirement for over-
collateralization33 and thus allows direct or preventive restriction of credit losses in the 
event of default and a decline in house prices. In most of the EU countries, the collateral 
value is determined as an estimate of the market price of the property and can thus 
contain the cyclical component of such prices.34 To determine risky LTV levels, we 
therefore propose to monitor the estimated overvaluation of house prices. The degree 
of over-collateralization needed to restrict the credit losses given default and given a 
decline in house prices is equal to (100% – LTV). The risky LTV levels (LTVR) are 
thus given by: 

(3) LTVR ≥ 100% − overvaluation 

In this way, the LTV values after the house price decline, which is equal to the 
overvaluation of house prices as estimated at the given moment, would always be equal 
to 100% as maximum (similar to Geršl, 2016). When the LTV limits are used as a 
cyclical instrument, they can be tightened or eased in a way that mirrors the dynamics 
of the estimated overvaluation of house prices. The LTV limits may be further adjusted 
downwards with respect to the limited recovery rates of collateral in general and 
especially in case of severe stress, the degree of potential undervaluation of house 
prices that is often observed on the housing market (see, for example, part 4.2. of 
Chapter 1), or by different prudent margin. When deciding about the precise calibration 
of the LTV limits, it may also be beneficial to consider the share of borrowers who are 
vulnerable to default under stress, possibly using the metrics described in the following 
sections.     

 
33 Over-collateralisation relates to the collateral value, which, under the present regulations, can be 
determined as the estimated market value of the real estate used as collateral. Depending on the degree 
of overvaluation of house prices, a loan may also be under-collateralised with respect to the equilibrium 
value of the collateral. 
34 See Articles 124 and 229 of the CRR. 
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4.2.2. DSTI limits 

LSTI/DSTI caps can reduce the probability of borrowers being unable to service 
loans continuously in accordance with their chosen repayment schedule. To determine 
risky DSTI levels, we propose to use the concept of the financial reserve under stress 
(FRs): 

(4) FRS = net income S –  other necessary costs  
                                               – loan repaymentsS –  property maintenance costs 

Similar to the approach adopted in Slovakia (NBS, 2016) or Sweden 
(Finansinspektionen, 2017) this reserve denotes the consumer’s net income minus the 
subsistence level costs, loan repayments, and property maintenance costs under the 
simulated stress (the variables in Equation (4) subject to the stress are indicated by the 
subscript “s”). In the context of the survey data on new loans provided in the Czech 
Republic, subsistence costs can be based on the values set by the Ministry of Labour 
and Social Affairs of the Czech Republic for the first and the other persons in the 
household and take into account the number of borrowers and their dependents for 
loans reported in the survey. The true repayments of these loans are used as the loan 
repayments. Property maintenance costs are set at 1.5% of the collateral on these loans 
per year. The stress may consist in a 10% decrease in income – expressing the 
probability of loss of employment or a drop in income for a certain period of time – 
and a steady rise in interest rates of 0.6 pp a year for five years (i.e., a cumulative 
increase of 3 pp). The impact of the interest rate stress should respect the fixation and 
repayment periods of the individual loans reported in the survey. Thus, if the loan has 
a fixation period of five years, the interest rate increase will happen all at once in the 
fifth year and will affect subsequent instalments only up to the amount of the unrepaid 
part of the principal. If such a loan has a maturity of five years, the rise in interest rates 
will not affect it at all. 

As individual loans with excessive debt service, we suggest to consider those for 
which FRS levels are lower than the financial reserve threshold (FRTH). This should be 
defined as both a percentage over net income and a minimum absolute value. The 
requirement for a minimum absolute FRS serves to cover sudden necessary 
expenditures, which to some extent are independent of income level, and to accumulate 
savings to cope with periods of stress. Ideally, past savings or other liquid assets would 
also be considered. However, data on household wealth are rather scarce, and the use 
of aggregate information may not be prudent enough for the purpose of this analysis. 
As the household wealth tends to be distributed rather unevenly (OECD, 2018), such 
data would need to include the distribution of wealth for mortgage borrowers, further 
differentiated according to the income groups. 
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As risky DSTI levels, we suggest to consider those for which the share of individual 
loans with excessive debt service significantly increases. This test should be conducted 
regularly on a sample of newly provided loans to capture the potential moves in the 
riskiness of the individual DSTI levels.  

It should be noted that while the DSTI limits aim at ensuring minimum financial 
reserve under stress, only a few countries apply these limits directly to the ratio of debt 
service and such a reserve (to our limited knowledge, this is only the case in Slovakia 
– for details on the calculation of the reserve see NBS, 2016). In other countries, the 
DSTI limits are applied to the ratio of debt service and income, which may be either in 
net terms (see Esti Pank, 2014, for the example of Estonia) or gross terms (see CBM, 
2019, for Malta).  

4.2.3. DTI limits 

LTI/DTI caps can lower the probability of them failing to repay loans in full over 
their remaining period of economic activity (i.e., even after the loan has been 
restructured and the repayment schedule changed). LTI/DTI caps may also be 
appropriate when the constraints created by the LSTI/DSTI cap are softened by a 
lengthening of the repayment term or by low interest rates. As LTI/DTI caps do not 
work with components that can give the impression of a sustainable level of debt 
service in the short term (LSTI/DSTI), they can slow the pace at which consumers 
become over-indebted in real terms. To determine risky DTI levels, we propose to use 
the concept of the hypothetically repayable loan under stress (HRLS): 

(5) HRLS = (1 − FRTH) ∙ FRS ∙ max maturity  

where (1 − FRTH) ∙ FRS denotes maximum repayment of the annuity of the loan. 

HRLS represents the biggest loan volume the consumer would be able to service over 
the longest possible maturity if her monthly repayments were at the maximum possible 
level. After paying such instalments, the consumer would be left at the financial reserve 
threshold (FRS = FRTH). As the longest possible maturity, we suggest to consider the 
consumer’s remaining period of economic activity up to the age of 65, or 30 years, 
whichever is shorter. A similar approach was used in the Netherlands (IMF, 2018). 

The HRLS of individual consumers are compared with the size of the loans actually 
provided to them. As individual loans of excessive size, we suggest to consider those 
that are larger than those which consumers would, under stress, be able to service over 
their period of economic activity (L > HRLS or also L / HRLS > 100%). As risky DTI 
levels, we suggest to consider those for which the share of individual loans with 
excessive debt service significantly increases. This test should be conducted regularly 
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on a sample of newly provided loans to capture the potential moves in the riskiness of 
the individual DTI levels.  

It should be noted that setting a DTI limit aims to put cap on the size of loans 
relative to borrowers’ income to the extent that the loans are considered repayable (as 
approximated above by the HRLS). In terms of our approach, setting a DTI limit 
corresponds to setting a limit on HRLs/I, where I is the income of the borrowers. 
Similar to the DSTI limits, the DTI limits may be defined using net income (see again 
NBS, 2016, for the example of Slovakia) or gross income (see CBI, 2015, for Ireland, 
or FCA, 2017, for the UK).  

4.2.4. Using a combination of borrower-based measures  

As can be seen from Equation (5), determining risky DTI values is – under our 
approach – quantitatively equivalent to determining risky values of DSTI when 
considering maximum maturity of the loans that can be seen as prudent. The reason is 
that the DSTI limits perform the function of regulatory maximum instalments in 
relation to income. In this way, the determination of risky DTI levels using findings 
about risky DSTI levels guarantees that the resulting risky DTI values implicitly take 
into account the level of interest rates and the possibility of rates increasing, even 
though the DTI ratio itself does not contain this information directly. 

Further, as can be seen from Equation (1), combining LTV and LTI/DTI or 
LSTI/DSTI limits restricts the volume of loans that have high PD and LGD levels 
simultaneously. Moreover, if the caps are defined as soft limits, the introduction of 
LTI/DTI or LSTI/DSTI caps may not necessarily lead to any significant additional 
restriction on the total volume of new loans above that given by the LTV limits, 
because lenders will probably decide initially to restrict those loans which exceed the 
caps on all the ratios simultaneously, thereby minimizing the impacts of the additional 
measures.  

4.2.5. Design of the measures, frequency of adjustment 

In 4.2.1.–4.2.3., we present an approach to calibrating borrower-based measures 
that takes into account the development of cyclical risks. This is ensured by taking into 
account the overvaluation of house prices and applying stress to income and mortgage 
interest rates, to take into account the potential deterioration of these variables that may 
evolve better than sustainably during the upturns. However, there are at least two 
additional questions that should be addressed before deciding on the actual calibration 
of measures in practice: the ability of the LTV, L/DTI and L/DSTI ratios to capture the 
risks related to the mortgage loans and the frequency of adjustment of the measures, 
considering the benefits and costs associated to each recalibration.    
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Regarding the first question, there are few studies that analyze the relationship 
between the LTV, L/DTI, and L/DSTI values and the probability of default. 

Using individual data from four major domestic banks in Ireland, Kelly et al. (2015) 
analyze the relationship between the LTV and LTI values and loans in default over the 
period from 1997 to 2013. They find that both higher LTVs and LTIs are related to a 
higher probability of default and that the probability of default is higher for borrowers 
with specific characteristics (e.g. the self-employed persons or persons with buy-to-let 
loans). On the other hand, they point out that first-time buyers have lower default rates 
than the subsequent buyers, having controlled for borrower and loan characteristics. 
This holds both in relation to the LTV and LTI values, despite the fact that the first 
time buyers may face higher equity or income constraints. In another study, Dietsch 
and Welter (2014) use information on one six of French housing loans from 2000s to 
analyze the relationship between the LTV and DSTI values and borrowers default 
grade estimated by the banks. They find that higher LTV and DSTI values increase 
credit risk according to the banks’ ratings, and that the relationship is not monotonic. 
In particular, they find that above a certain threshold, high LTV and DSTI are those of 
high income or wealth borrowers and do not generate the most significant risk 
according to the banks’ credit risk models.   

Finally, it needs to be noted that while higher LTV values should be associated with 
a higher loss given default, setting uniform LTV limits may be complicated by the 
different degrees of overvaluation that can be observed in various market segments 
(e.g. urban vs. rural or coastal areas, new vs. existing construction, or high-end vs. 
other property). For all these reasons, authorities in many countries set the borrower-
based measures as soft limits in order to accommodate for the individual loan risk 
characteristics (see, for example, Spencer, 2013, on the policy design in New Zealand).  

Regarding the second question on frequency of adjustment, the existing research 
on this topic has been practically inexistent. Yet, in what follows, I share some 
qualitative views on this issue.  

To the extent that the size of negative shock, which is used to stress test the 
individual new loans in 4.2.1.–4.2.3., reflects the developments of the cyclical risks in 
the economy and financial system, the approach to calibrating borrower-based 
measures presented in this chapter can be considered a cyclical approach. To take the 
cyclical risks fully into account, the measures would need to be recalibrated based on 
how “unsustainable” are the levels or the dynamics of variables such as house prices, 
income or interest rates. Depending on the expected steepness of the upward and 
downward path of the variables, the adjustment of the limits could be gradual or abrupt 
in the boom or bust phase of the economic or financial cycle. Nevertheless, a fully 
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cyclical approach to calibrating the limits may be associated with high transaction costs 
for the credit providers, uncertainty for the borrowers, and it may suffer from 
frontloading of loans each time a tightening of the measures is announced with certain 
time ahead. Given that the measures are not in place permanently, they may also have 
limited effects on leaning against the house price overvaluation and household 
indebtedness in the long term. For these reasons, altering tight and loose policy 
calibration may lead to gradually increasing risks, and the measures – once re-activated 
– may need to be calibrated relatively more stringently, with negative effects on both 
borrowers and lenders.  

For all these reasons, in practice, it may be more reasonable to calibrate the 
measures “through the cycle”, or to seek a balance between structural setting with 
limited cyclical adjustments in case of exuberant cyclical developments. So far, 
investigation of the pros and cons of these approaches has been rather scarce and would 
deserve further research.   

4.3. Stock approach  

In the previous sections, we presented an approach to evaluating the risks and 
calibrating the borrower-based measures on a relative basis. This can be done by 
looking for the moment when risks start accelerating in time (4.1), and by looking for 
the “risky tails” in the characteristics of the loans (4.2). Since it requires analyzing the 
inflow of new loans on a regular basis, we call this a “flow approach”. 

Apart from that, individual data on new mortgage loans can be used to simulate the 
entire portfolio of mortgage loans at some point in the future, assuming an inflow of 
new loans of certain risk characteristics. Consequently, principles laid down in 4.2. can 
be used to stress test such a portfolio and to obtain an estimate of direct losses which 
could result from such portfolio. In this way, the approach presented in the previous 
sections is extended to provide estimates of the risks in absolute terms. Analogically, 
we call this a “stock approach”. 

There are several advantages of using the stock approach for the purpose of the 
macroprudential policy. First, the stress testing of the portfolio is conducted on the 
basis of the real-time characteristics of the borrowers and loans, with no need to rely 
on past data on the PD and LGD values. Second, the forward-looking simulation of the 
portfolio allows to consider further accumulation of risks before it really occurs. This 
is a key thing for the decision making about macroprudential measures, which are more 
effective if introduced or recalibrated in a timely manner. Besides that, such an 
approach can be used – to some, albeit limited extent – to evaluate the effectiveness of 
the measures in place. This can be done by applying the stress test to two alternative 
portfolios – one considering the lending standards after the macroprudential measures 
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were introduced and the other departing from the lending standards before the 
application of those measures. The difference in results are the additional losses, which 
might be realized if the macroprudential measures were not in place or if they were 
calibrated differently.  

Nevertheless, while the stock approach is an important step forward in improving 
the analytical toolkit, major advancements must be made before its results can be used 
in practice. In particular, this approach – compared to the standard macro-stress tests 
of the banking sector used by many central banks – does not capture the feedback loops 
between house prices, lending, and business cycles, which are also described in 
Chapter 1 of this thesis. For this reason, the potential losses, as estimated by this 
approach, may be significantly underestimated, and the effects of the macroprudential 
policy, as assessed by this approach, may represent only a part of the overall effects 
expected. Finally, given that the length of the horizon on which the macroprudential 
policy operates, in order to correctly assess the risks to financial stability presented by 
certain level of lending standards, one may need to consider a much longer horizon 
than the one currently used in section 5.3.35 For all these reasons, the approach 
presented below should be considered as a first attempt in the directions charted above. 
With all the caveats in mind, the extension of the approaches charted in 4.1 and 4.2 is 
suggested as follows.  

4.3.1. Simulation of the mortgage portfolio 

The forward-looking simulation of the mortgage portfolio consists of a projection 
of new loans, which departs from the characteristics of the loans provided in the most 
recent period, or another period for which we want to assess the implication of the 
lending standards (“reference period”). For each period of the test, the inflow of loans 
is simulated using a random selection of the loans provided in the reference period, up 
to the moment when the inflow of loans reaches the aggregate volumes assumed in the 
test scenario. The result of this random selection is cross-checked, so that the 
distributions of the loans in terms of LTV, LTI, and LSTI values are roughly the same 
for the reference period and for each period of the test.  

For each period of the test, characteristics of the individual loans are adjusted so 
that they reflect the evolution of key macrofinancial variables since the reference 
period (for a similar approach, see Levina et al., 2019). In particular, we suggest that 
the volumes of the loans and the values of the collaterals are linked to the changes in 
house prices in the test scenario. Similarly, the incomes of the borrowers should change 
in line with the dynamic assumed in the test scenario, while the interest rates of the 
new loans shall be taken from the test scenario directly. Other, rather structural 

 
35 Improvements in these directions are, unfortunately, outside the ambition of this thesis.  
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characteristics remain as in the reference period. This applies, for example, to periods 
of fixation for the interest rates or lengths of maturity of the loans. Following this 
procedure, dynamic LTV, LTI, and LSTI values of the individual loans are retrieved 
for each period of the test.   

The part of the portfolio which simulates the inflow of new loans in the individual 
years of the test can be complemented with the portfolio of the existing loans.36 Finally, 
the overall portfolio should be updated for each year of the test, taking into account the 
outflow of loans that are either repaid or refinanced. To this end, one can adopt 
assumptions regarding the behavior of the borrowers once the period of fixation of their 
loans ends.   

4.3.2.  Stress testing of the simulated mortgage portfolio  

The stress into incomes and interest rates is simulated in accordance with the test 
scenario. The individual loans are then tested for non-payment using the concepts of 
FRs and HRLs, laid down in 4.2.2 and 4.2.3. Nevertheless, taking into account that this 
is a stock rather than a flow exercise, we propose several adjustments to the approach 
described in 4.2.2 and 4.3.3.  

First, we suggest that the risk of unemployment is now simulated by a random 
selection of loans, for which the debtor is assumed to lose the job. The share of loans 
that are selected for such a shock corresponds to the rate of unemployment that is 
assumed in the test scenario. Once the loan is selected, the ability of the debtor to 
withstand the shock is tested using FRs and HRLs.     

Second, we suggest that the loans at risk of default are defined as those for which 
the FRs falls below 0%. In part 4.2.2 we required a 10% surplus, which was intended 
to generate savings on a recurrent basis, such that could be used to withstand stress 
sometime in the future. By this adjustment, we allow debtors to discontinue saving 
once the stress occurs and to use the savings to cope with the stress period. 

4.3.3.  Selection of test scenario   

To fully exploit the benefits of this approach, the choice of the right scenario is key. 
For guidance on a tightening of the macroprudential policy, we suggest to consider a 
continued economic expansion in the first years of the test, followed by a period of 
stress at the end. This enables to simulate further accumulation of risks in the portfolios 
of the credit providers and a sharper downturn afterward. For the loosening of the 

 
36 Similar to the adjustment which are made to the simulated part of the portfolio, characteristics of the 
existing loans should be updated as of the start date of the test, this time using the changes of the 
macrofinancial variables which were truly observed since the loans was granted. 
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macroprudential policy at the beginning of the crisis, for example, a shorter scenario 
can be considered, with a stress period from the first year of the test. 

5. Applicationof the Approach to the Case of the Czech Republic  

We demonstrate the applicability of our approach on the case of the Czech 
Republic. In the absence of credit register for loans to natural persons in the Czech 
Republic, we use survey-based data on new loans collected by the Czech National Bank 
since the second half of 2015. This survey includes anonymized information on all 
mortgage loans which were newly provided by banks, branches of foreign banks and 
credit unions in the Czech Republic. The survey data contain the information needed 
to calculate the LTV, LTI and LSTI ratios (e.g. the loan size, collateral value, size of 
loans secured by the same collateral, net income of the borrowers, interest rate and 
maturity of the loan) as well as the demographic and social information that enables to 
evaluate the riskiness of the individual loans with given LTV, LTI and LSTI values 
(e.g. the number of borrowers included in the sum of net incomes, number of 
subsidized household members, age of the borrower who represents the most 
significant contribution to the income and fixation period of the interest rate). However, 
the survey data only convey information on new loans, not on the total debt of 
applicants for such loans. For this reason, only the data on the LSTI and LTI ratio can 
be used to determine the risky levels according to sections 4.2.2 and 4.2.3.     

In practice, a DSTI and DTI value for one borrower can usually be considered 
equally or more risky than the same LSTI and LTI value for another borrower with 
similar income characteristics. This is because the total debt, from which the DTI ratio 
is calculated, may contain unsecured loans in place of a proportion of secured ones. 
Unsecured loans typically have higher interest rates and shorter repayment terms than 
secured ones, so that the total debt can imply higher debt service for a borrower than a 
secured loan of the same amount. Higher debt service in turn implies a higher risk of 
default at the same level of borrower income. We therefore propose to consider the 
risky DSTI and DTI levels equal to or lower than those determined on the basis of LSTI 
and LTI data. 
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Figure 1: Macroprudential indicator of potential losses (MIPL) on new loans 
(a) and its components (b-d) 

     (2016=100)               (%)                            (%)                      (2016=100) 

 
Source: CNB data, authors’ calculations 

Note: This figure shows the macroprudential indicator of potential losses on new loans (MIPL, part 

(a) of the figure), which is the volume of potential losses on new loans, indexed to the value as of 

2016 for which the first data is available. The figure also shows the breakdown of MIPL into three 

multiplicative components. The first component (part (b) of the Figure) is the share of new loans, 

which are identified at risk of default using the criteria described in parts 4.2.2 and 4.2.3. The second 

component (part (c) of the figure) is the weighted average loss on new loans, which are identified at 

risk of default. The third component (part (d) of the figure) is the total volume of loans which were 

newly provided. In addition to the assumptions described in 5.2., additional haircut on property value 

of 20% was considered in the calculation of the MIPL in this figure. 

5.1. Evaluating the risks – flow approach  

Figure 1 displays the results of the MIPL when using the survey data on new loans 
provided from the second half of 2016 to the second half of 2017. In the second half of 
2017, the indicator rose slightly compared with previous rounds of the survey. This is 
due mainly to a rising estimate of the average LGD37, which reflects increasing 
overvaluation of house prices in relation to the LTV limits that were in effect and were 
tightened during the sample period. However, the component of the indicator that 

 
37 In addition to the assumptions described in 5.2., additional haircut on property value of 20% was 
considered in calculation of the MIPL in Figure 1. 
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assesses the risks associated with borrowers’ loan servicing capacity also rose 
moderately. Conversely, a slight decline in the total volume of new loans reduced the 
growth in absolute potential losses for the banking sector.  

It shall also be noted that most of the loans from Figure 1, part (a) are indentified 
at risk of default both in relation to the size of the loan, and the debt service. 
Nevertheless, the remaining loans are considered at risk of default exclusively in 
relation to one of those characteristics. In general, this confirms that the LTI and LSTI 
limits may target risks associated with different parts of loans and that they may need 
to be used in combination.  

Figure 2: Difference between growth in apartment prices and incomes, and 
possible calibration of an LTV limit 

(difference in %; rhs: LTV in %) 

 

Source: CZSO data, authors’ calculations 

Note: Difference between growth in apartment prices and incomes since 2013 Q1, when apartment 

prices last hit a low. This indicator of apartment price overvaluation assumes that prices were at 

equilibrium at the low point. This is a cautious assumption, because prices might have been 

undervalued at that point and hence may not reverse their entire growth in the event of stress (see, for 

example, part 4.2. of Chapter 1).  

5.2. Calibrating the borrower-based measures – flow approach 

Figure 2 displays the possible calibration of the LTV limit given potential 
overvaluation of house prices. For simplicity, we use a simple indicator of the house 
price overvaluation, which takes the difference between the cumulative growth in 
house prices from the last cyclical trough and the cumulative growth in income over 
the same period. Such a simple approach assumes that at the cyclical through the house 
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prices are roughly at their equilibrium values and that the growth in house prices which 
is higher than the growth in income is unsustainable in the medium term. On the one 
hand, the indicator may lead to higher than true overvaluation, as in reality, the house 
prices may be undervalued at the though and thus the actual overvaluation may be 
lower (see, for example, part 4.2. Chapter 1 or by Plašil, Andrle, 2019). On the other 
hand, the indicator may lead to lower than true overvaluation if the income growth is 
fueled by the excessive house price dynamics (see again part 4.2. of Chapter 1 for the 
discussion of the procyclicality of the house price determinants). Using this indicator, 
the potential overvaluation of house prices ranges between 0 and 22% from the first 
quarter of 2013 to the fourth quarter of 2017, suggesting that an LTV limit from around 
100% to 80% could be introduced with a gradual phasing-in during this period as 
illustrated, for example, in Figure 2. In practice, the actual calibration may depend on 
circumstances on the market and design of the measures as mentioned in Section 3.  

Figure 3: Distribution of loans by LSTI and FRs 

(x-axis: LSTI in %; y-axis: share of loans in %; reserve in % of net income; 2017 
H2) 

 

Source: CNB data, authors’ calculations 

Note: Risky LSTI levels are determined using the financial reserve under stress for individual new 

loans reported in the Survey. Risky LSTI levels are those for which a significant proportion of new 

loans have a reserve below the threshold. Those loans are indicated with a frame. 

Figure 3 displays the results of stress testing of the individual new loans provided 
in the second half of 2017 from the perspective of the borrowers’ ability to service 
these loans continuously in accordance with their repayment schedule. As FRTH, we 
consider 10% of net income, which is roughly the average long-term household saving 
rate observed in the Czech Republic, or CZK 5,000 (roughly 10% of the average 
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income documented by applicants for new loans according to the survey). Due to data 
contraints, we do not assume previous savings or other liquid assets. The share of 
individual loans with excessive debt service (i.e., with FRS below this FRTH) prevails 
around LSTI38 equal to 40%. We therefore consider this LSTI level relatively more 
risky.  

Figure 4 displays the results of stress testing of the individual new loans provided 
in the second half of 2017 from the perspective of the borrowers’ ability to repay these 
loans in full over their remaining period of economic activity (i.e., even after the loan 
has been restructured and the repayment schedule changed). The share of individual 
loans of excessive size (i.e., for which L / HRLS > 100%) prevails around LTI equal to 
8. We therefore consider this LTI39 level relatively more risky.  

Figure 4: Distribution of loans by LTI and HRLs 

(x-axis: DTI in %; y-axis: share of loans in %; ratio in %; 2017 H2) 

 

Source: CNB data, authors’ calculations 

Note: Risky LTI levels are determined using the hypothetically repayable loan under stress (the loan 

size with the longest permissible maturity and the highest permissible ratio of instalments to income) 

for individual new loans reported in the Survey, which is compared with the actual loan size. Risky 

LTI levels are those for which a significant proportion of new loans exceed the hypothetically 

repayable level. 

The data for the first quarter of 2017 can also be used to demonstrate that 
simultaneous use of more borrower-based measures may lead to higher effectiveness 
of the individual measures but not necessarily to additional restrictions on the total 

 
38 In this chapter, we use the LSTI ratio as defined by the yearly loan service over borrowers’ yearly net 
income. 
39 In this chapter, we use the LSTI ratio as defined by the loan size over borrowers’ yearly net income. 
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volume of new loans provided (compared to a situation where only one of the measures 
would be in place). In the first quarter of 2017, the potential overvaluation of house 
prices equals 15% (Figure 2), suggesting that an LTV limit at around 80% could be 
considered for the next period. At the same time, 30% of new loans were provided with 
an LTV above 80% and 13% of new loans with an LTI above 8 or LSTI above 40% 
(7% of new loans having LTV above 80% at the same time). 

If the LTV limit was set as a hard limit at 90% and a soft limit at 80%, allowing 
15% of new loans to be provided with LTV above 80%, lenders would have to reduce 
the provision of new loans with LTV over 80% by 15 pp in order to meet the LTV 
limits in the next period. If complementary LTI and LSTI limits were set at 8 and 40% 
respectively, allowing 5% of new loans to breach these limits, lenders would probably 
react as follows: They would first restrict new loans with LTV above 80% and – at the 
same time – LTI above 8 or DSTI above 40%. By doing this, they would be closer to 
satisfying each of the individual limits by 7 pp. The permitted 5% of new loans with 
LTI over 8 or LSTI over 40% would roughly cover the remaining 8% of the volume of 
such loans that have LTV below 80% and are therefore not restricted by the LTV limit. 
Such a combination of measures would therefore lead to eliminating new loans with 
riskier LTV as well as LTI or LSTI values, while not resulting in higher restriction on 
the total volume of new loans compared to the single LTV limit.     

5.3. Stock approach 

As regards the stock approach, we show its application on the Czech Republic as 
of end-2019. Having in mind the early phases of the framework suggested, we restrict 
ourselves to make a first attempt to assess the effectiveness of the borrower-based 
measures. The Czech Republic is, after all, a good case to study, as there was – until 
the beginning of 2020 – a comprehensive set of such measures in place.40  

5.3.1. Additional assumptions about loan portfolio  

The mortgage portfolio, which is stress-tested, consists of three parts. First, it is the 
inflow of new loans starting from 2020, which is subject to simulation, and for which 
the lending standards from the second half of 2019 are used as the basis. Second, it is 
the existing loans, which were granted between 2015 and 2019, and for which the 
information is available from the CNB survey. The third part consists of the loans 
granted before 2015, characteristics of which had to be retrieved using a number of 
assumptions.41  

 
40 In April 2020, some the measures were either relaxed (LTV and DSTI) or abolished (DTI) in a reaction 
to the COVID-19 pandemic. In June 2020, the DSTI limit was discontinued as well.  
41 Data suitable for simulating loans are not available for the years preceding 2005. 
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When simulating the inflow of new mortgages from 2020 onwards, we had to 
consider the macroprudential measures in the Czech Republic, which were being 
introduced and tightened between 2015 and 2018. At the cut-off date of this analysis, 
there were LTV limits at 80% (with a 15% volume exception for loans with LTV 80–
90%), DTI limit at 9 (with a 5% volume exception), and DSTI limit at 45% (again with 
a 5% volume exception). The issue relates to the simulated loans, which – after 
adjusting their characteristics for the evolution of the macrofinancial variables – would 
be in breach of those limits (taking into account the set exemptions).  

For such loans, we assumed that half of the borrowers would just postpone the 
purchase of the property and not take the loan. The second half of borrowers would 
find a different property, which would be 10% cheaper and which would allow them 
to take a lower loan (downpayment of these borrowers is kept the same; collateral 
values of the loans are lowered, so to respect the new price of the property).42 If – using 
such a procedure – the credit ratios of the loans get below the limits, these loans are 
kept in the sample. Otherwise, they are removed. For the loans which would be in 
breach of the DSTI limit, there is one additional assumption that precedes. Specifically, 
we assume that borrowers taking out these loans would first have the maturity of the 
loan extended up to the length which is necessary to comply with the limits, provided 
that it is up to 30 years of maturity or 64 years of the age of borrower. 

When updating the overall portfolio in each year of the test, we also acknowledged 
that when the mortgage loans are refinanced, roughly one third of the debtors increase 
their leverage and top-up the outstanding loan by more than CZK 200 ths or 10%, 
according to the data. This is something that offsets the effect of the previous 
repayments and which adds to the riskiness of these “older” loans.  

5.3.2. Test scenario  

To demonstrate the application of the test, we choose an arbitrary scenario of 5 
years, which assumes an ongoing positive economic development in the first three 
years, followed by a two-year period of stress. As such, the scenario is tailored to 
provide guidance about further tightening of macroprudential policy or evaluating the 
effectiveness of measures that are already in place.  

Taking into account the macroeconomic developments in the Czech Republic over 
the last business cycle and before end-2019, we assume that in the first three years, 
incomes keep growing robustly (at rates around 5%), unemployment stays at 
historically low levels (below 2.5%), and the interest rates continue slightly increasing 
(up to levels close to 3%). House prices continue increasing in a decelerating way up 

 
42 The same approach is applied in Levina et al. (2019). 
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to 10% in cumulative terms. In the following two years, the stress is associated with a 
deceleration of the income growth (down to 0%), gradually increasing unemployment 
(up to 8%), and interest rates close to 2%. House prices decline sharply, recording 20% 
decrease in cumulative terms compared to the peak. 

Furthermore, we assume that when a loan is affected by the loss of employment of 
the debtor, the flow of income would be recovered after three months at 80% of the 
previous levels. When the loan is identified at risk of default, we assume that the 
collateral is sold at a price which is 20% lower than the market value of the property at 
a given moment, i.e. after taking into account the change in house prices between the 
moment when the loan was provided and when it was found at risk at default (the same 
assumption about additional haircut on property value was applied in 5.1.).  

5.3.3. Results 

Considering the mortgage portfolio and the scenario described above, potential 
defaults would be concentrated with loans that were provided with DSTIs of over 40% 
and DTIs of over 8. Conversely, losses would be generated by loans which were 
originated with LTVs of over 80%. These results are not surprising given that they 
were derived using the same data and principles of stress testing as in 4.3. Still, they 
are impacted by the regulatory limits to the LTV, DTI, and DSTI ratios, which were 
introduced before 2019 and which were respected in the simulated part of our portfolio.  

To evaluate the effectiveness of the borrower-based measures, we repeat the same 
stress test using the same assumptions but considering the absence of the 
macroprudential measures. To this end, we simulate an alternative mortgage portfolio, 
for which we depart from the lending standards in the second half of 2015 and the first 
half of 2016. This was the first year in which the CNB collected the individual data on 
new loans and for which detailed information on new mortgage loans is available. That 
data was only affected by the first set of LTV limits, which the CNB introduced in June 
2015 and which were not intended to have significant effects on the aggregate market, 
according to the CNB communication.43 Therefore, we assume that those were roughly 
the lending standards prevailing on the market before the regulation was introduced 
and tightened in the following years. 

Comparison of results for both portfolios shows that potential losses would be 
significantly higher in the absence of the macroprudential policy, provided that the 
economy had evolved in line with our scenario (Figure 5). Moreover, these losses 
would be concentrated with loans that were granted with LTVs, DTIs and DSTIs above 
80%, 9 and 45%, respectively (Figure 5). These are the loans provision of which was 

 
43 In fact, the CNB communicated that the introduction of the first limits had a preventive nature. 
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regulated by the CNB measures. Therefore, we conclude that if the economic 
expansion had continued in 2020 and onwards, the CNB measures would have 
probably played an important role in limiting the risks related to the mortgage loans. 

Figure 5: Potential credit losses on 5-year horizon, stress scenario  

5.1 Total  5.2 Distribution by LTV (%) at origination 
(sum of losses from the reference portfolio = 100) (sum of losses from the reference portfolio = 100) 

  
5.3 Distribution by DSTI (%) at 
origination 

5.4 Distribution by DTI at origination 

(sum of losses from the reference portfolio = 100) (sum of losses from the reference portfolio = 100) 

  
Source: CNB data, authors’ calculations 

Note: The reference portfolio was simulated using mortgage loans which were provided from the 

second half of 2019 as a basis. For the alternative portfolio, we used mortgage loans granted in the 

second half of 2015 and the first half of 2016 as the basis. 

6. Conclusion 

Although the use of residential real estate macroprudential tools has become 
common in recent years, rigorous approaches to their calibration have been relatively 
scarce. In this chapter, we present an approach to measuring direct risks to financial 
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stability related to residential real estate exposures and to calibrating borrower-based 
macroprudential measures with the aim of limiting these risks. To this purpose, we 
concentrate on direct risks to financial stability that are associated with residential real 
estate exposures and abstract from indirect risks that can be related to a sharp fall in 
household consumption caused by the over-indebtedness of households. Moreover, the 
approach to calibrating borrower-based measures takes fully into account the 
development of cyclical risks.  

First, we suggest to assess risks associated with residential real estate exposures 
using the degree of overvaluation of house prices, the level of credit standards, and the 
volume of new loans. Overvalued prices and relaxed credit standards are indicators of 
the riskiness of new loans. Together with the volume of new loans, they indicate the 
total size of the risks associated with the provision of new loans. In this vein, we define 
a macroprudential indicator of potential losses on new loans, which should – due to the 
prudent assumption used when constructing this indicator – be taken as an indicator of 
such losses for macroprudential purposes. A rise in the MIPL over time indicates 
growth in risks, to which it may be appropriate to respond with macroprudential policy. 
The evolution of the components of this indicator can meanwhile help determine which 
macroprudential instrument to use. A fall in the MIPL following the introduction of 
macroprudential instruments can also indicate the degree of effectiveness of the 
instruments.  

In order to calibrate the LTV ratio, we suggest monitoring the overvaluation of 
house prices: The level of the house price overvaluation determines the rate of over-
collateralization which is needed to overcome credit losses in case of the loan default 
in a pre-emptive manner. To calibrate the DTI and DSTI limits, we propose a stress 
test of individual new mortgage loans. First, we identify individual new loans with 
excessive debt service using a concept of financial reserve under stress. As risky DSTI 
levels, we suggested to consider those for which the share of individual loans with 
excessive debt service significantly increases. Then, we identify individual new loans 
of excessive debt size using a hypothetical repayable loan under stress. As risky DTI 
levels, we again suggested to consider those where the share of individual loans with 
excessive debt service prevail. 

To the extent that the size of negative shock, which is used to stress test the 
individual new loans in 4.2.1.–4.2.3., reflects the developments of the cyclical risks in 
the economy and financial system, the approach to calibrating borrower-based 
measures presented in this chapter can be considered a cyclical approach. In practice, 
frequent adjustment of the measures may be associated with costs to both borrowers 
and lenders, frontloading of loans before tightening, and lower effectiveness of the 
measures in terms of preventing the build-up of risks. For this reason, it may be 
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necessary to seek a balance between “through the cycle” calibration of the measures 
and their cyclical adjustments. 

Further, we introduce an extension to the previous approach so that it becomes a 
stress test of an overall portfolio of mortgage loans. To this end, we suggest to simulate 
the mortgage portfolio in a forward-looking manner, taking into account additional 
inflow of new loans with certain characteristics. By comparing the results of such stress 
test for different mortgage portfolios – one of them respecting borrower-based 
measures in place – such an approach can be used for partial assessment of the 
macroprudential policy effectiveness.  

Finally, we demonstrate the applicability of both approaches on the case of the 
Czech Republic. To this end, we use anonymized survey-based data on new loans that 
have been collected by the Czech National Bank since the second half of 2015. We 
show that in the second half of 2017, new loans with LTV over 80%, LSTI over 40% 
and LTI over 8 could be deemed relatively more risky according to our approach. While 
our data are loan-level and allow us to determine the risky levels of the LTI and LSTI 
ratios, the same values of DSTI and DTI can usually be considered equally or more 
risky for another borrower with similar income characteristics. For this reason, we 
suggest to consider the risky DSTI and DTI levels equal to or lower than those 
determined on the basis of LSTI and LTI data. We also show that combining LTV 
limits with limits on DTI or DSTI – all in the form of a soft limit – can lead to increased 
effectiveness of the individual measures, while not necessarily additionally restricting 
the total volume of new loans compared to a situation where only one measure would 
be in place. In addition, our results suggest that if the economic expansion had 
continued from 2020 and onwards, direct risks related to the mortgage portfolio would 
have been significantly higher in the absence of the borrower-based measures in the 
Czech Republic. Those measures were introduced starting from mid-2015 and included 
– among other provisions – limits to the LTV, DTI, and DSTI ratios.   

That said, let us recall the limitations of this analysis. First of all, we only deal with 
the direct risks, which are related to the credit losses from the portfolio of mortgage 
loans.  

As regards the assessment of policy effectiveness, further benefits of 
macroprudential measures may result from the fact that these measures may act against 
households getting over-indebted, something that can lead – under stress – to 
households cutting down on consumption, economy going into a downturn, and 
potential losses arising from other loan portfolios. Secondly, the stock approach – 
compared to the standard macro-stress tests of the banking sector used by many central 
banks – does not capture the feedback loops between house prices, lending and 
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business cycles. Finally, given the length of the horizon on which the macroprudential 
policy operates, in order to correctly assess the risks to financial stability, one may need 
to consider a longer horizon than the one currently used in our analysis. For all these 
reasons, the potential losses, as estimated by in this analysis, may be significantly 
underestimated, and the effects of the borrower-based measures, as assessed by this 
analysis, may represent only a part of the overall effects expected. 
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Chapter 3  
Analyzing Commercial Property Prices in the CEE Countries 

1. Introduction 

Analysis of the financial stability risks related to residential real estate markets has 
been getting a lot of attention in recent years. However, similar risks may be linked 
with commercial property markets. There are also several reasons why commercial real 
estate loans may be even riskier than housing loans. First of all, the existing evidence 
from advanced countries shows that commercial property prices are more volatile than 
prices of housing (Fessenden and Muething, 2017). This makes loans secured by 
property exposed to the risk of a sudden decrease in the value of the collateral, which 
may leave a part of the loan unsecured. Secondly, the property which serves as 
collateral on these loans is usually the only source of income used for repaying the 
loans, which makes the loans sensitive to conditions on the real estate market (Federal 
Register, 2006). This increases the risk of default when the value of the collateral 
decreases. Moreover, buyers of commercial real estate may have weaker incentives to 
avoid default than households, since their loans are usually non-recourse ones (Ellis 
and Naughtin, 2010). 

While the financing of commercial property is highly cross-border in nature, 
market developments in individual countries may be relevant for both domestic and 
foreign regulators. Higher demand for commercial property in a particular country may 
contribute to overvaluation of the property on that market, which increases the 
collateral risk related to loans secured by property from that country. The higher the 
exposure of a financial system to the overvalued property markets in the domestic or 
foreign economies, the bigger the concentration risk. The other source of risk comes 
from the fact that commercial property loans tend to be concentrated in certain 
institutions. Disruption of the real estate market can make these institutions less able 
to lend to other sectors, which may have adverse effects on the real economy with 
consequences for the financial sector as a whole (Fessenden and Muething, 2017; BdF, 
2017). On the one hand, foreign capital may contribute to the boom-bust character of 
the commercial real estate cycle, as it may first fuel the boom and then flow out when 
the conditions turn around, causing a protracted downturn. On the other hand, the 
presence of foreign investors may then help the market recover (Lane, 2014). In smaller 
countries such as some of the CEE, the depth and liquidity on the commercial property 
market may also be relatively lower compared to some larger economies, something 
that may further contribute to the volatility of the property prices.   

Despite these facts, analysis of risks related to commercial real estate exposures 
has been relatively scarce compared to residential real estate exposures in international 
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practice. One of the main reasons is the limited availability of data on physical 
commercial real estate markets and their financing (Gyourko, 2009; ESRB, 2019a; 
ESRB, 2019b). Until now, the existing literature has been limited to estimating the 
misalignment of commercial property prices as a whole or certain property types 
separately (see, for example, Hlaváček et al., 2014, and Coffinet and Kintzler, 2019). 
However, given that various types of commercial property may demonstrate distinct 
dynamics over time, it is desirable to monitor the risks related to the individual types 
of commercial property separately (Federal Register, 2006).  

Recently, the amended Capital Requirements Directive (CRD)44 has introduced the 
possibility to use the systemic risk buffer to address sources of systemic risks related 
to sectoral exposures in the banking sector (the so-called “sectoral systemic risks 
buffer”). As this tool widens the range of possibilities for targeted macroprudential 
action in terms of sectoral exposures, analysis of risks related to  commercial real estate 
loans has become even more relevant.     

This chapter presents the first attempt to estimate misalignment of commercial real 
estate prices for different types of property. In particular, we present a semi-structural 
model of the commercial property market which imitates the functioning of various 
segments of that market and we estimate this model for office and industrial property 
separately. For this purpose, we use a unique dataset provided by JLL which contains 
aggregate data for physical market indicators by property type and country, covering 
five Central and Eastern European (CEE) countries and Germany. As the price 
variable, we use capital value, which is calculated as the ratio of the rent to the yield 
expected by investors. We estimate the model on two types of panels, which we label 
“cross-country” and “cross-property”. For the cross-country panel, we estimate our 
model for each type of property on a panel of countries. These results represent the 
estimated under- or overvaluation of the individual property types from a country 
comparison. For the cross-property panel, we estimate our model for a selected 
country, namely the Czech Republic, on a panel of property types. These results 
represent the estimated under- or overvaluation of the individual property types from a 
property-type comparison. 

The chapter is structured as follows. Part 2 provides a literature review on the 
assessment of the commercial property prices and some other related studies. Part 3 
describes the structure of the commercial property market. Part 4 presents the proposed 
model of equilibrium commercial property prices and describes the estimation 
approach and data. Part 5 provides the results and Part 6 concludes. 

 
44 Directive (EU) 2019/878, OJ L 150, 7.6.2019, pp. 253-295, amending Directive 2013/36/EU, OJ L 
176, 27.6.2013, p. 338. 
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2. Literature Review 

There are several studies that estimate the price misalignment of a particular type 
of property or of the commercial market as a whole. Hlaváček et al. (2014) model 
equilibrium prices of office property in six CEE countries based on their 
macroeconomic, demographic and structural determinants. Using an error-correction 
model on a panel of capital cities, the authors demonstrate that both demand factors 
(GDP and consumer prices) and supply factors (mainly total office space) are 
statistically significant in determining property price dynamics. In a similar fashion, 
Coffinet and Kintzler (2019) use a vector error corrections model to model the 
equilibrium prices of office property in France. They find that property prices depend 
on GDP and rents and to limited extent also on interest rates. ECB (2011) analyses 
property price misalignment in the euro countries using selected indicators. In 
particular, it compares aggregate property prices to macroeconomic variables that 
determine the demand for property (GDP, private consumption and employment) and 
variables that affect the future income from the property (rents and initial yields). As a 
simple measure of the price gap, ECB (2011) also calculates the deviation of property 
prices from their long-term averages. 

Other studies represent more general analyses of the drivers of property prices. 
Hagen and Hansen (2018) decompose the prices of office property in 58 European 
cities into rents and yields. They find that while the price peaks before 2003 were 
mainly driven by the rent component, much of the increases thereafter can be explained 
by declining yields. Blake et al. (2011) analyse to what extent yields on office, 
industrial and retail property in the UK and five other developed countries move with 
inflation and to what extent they are driven by real economic activity. They show that 
while yields do evolve in line with inflation, the major driver of property returns is 
GDP growth. Case et al. (2000) decompose prices of office, industrial and retail 
property in 21 countries into global and domestic factors represented by the respective 
GDPs. They find that the variation in global GDP explains a substantial part of the co-
movement in prices, even though in some countries and episodes local factors were 
more important. Finally, Davis and Zhu (2011) explore the interaction of commercial 
property prices and credit cycles. Using a panel error-correction model and Granger 
causality tests for 17 developed economies, they find a strong mutual relationship 
between property prices, loan volumes and GDP, the last being considered an indicator 
of rent prices.  

Other studies concentrate on wider topics related to commercial real estate markets 
and thus contribute to the analysis of commercial real estate prices indirectly. Among 
these, Bassett and Marsh (2016) explore the effects of regulatory limits on the 
concentration of commercial real estate loans in the US on the dynamics of these loans. 
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To this end, they consider a wide range of bank-specific variables as well as domestic 
and global economic and financial indicators, finding that, for example, stricter 
monetary policy interest rates and higher market stress tend to affect credit growth 
negatively. Davis and Zhu (2009) analyse how commercial property prices influence 
the lending decisions of banks and their performance in terms of profitability and the 
quality of their credit portfolios. Using microeconomic data for banks in 13 developed 
countries, they conclude that property prices are negatively associated with banks’ bad 
loan ratios and net interest margins. More generally, Whitley and Windram (2003) 
present an analytical framework for analysing the financial stability implications of 
developments in the commercial property market. This framework is structural and 
includes a model of the real estate sector, a model of borrowing by commercial real 
estate companies and a model of the probability of default for such companies. Using 
data from the UK, the authors demonstrate a link between commercial property prices 
and defaults by non-financial corporations. 

3. Structure of the Commercial Property Market 

Commercial real estate is a productive asset for its end-users and at the same time 
an income-producing asset for its owners (DiPasquale and Wheaton, 1992). As a result, 
the commercial property market is made up of three to some extent separate but 
interlinked segments. 

The rental segment is where the supply of rental space, which is relatively inelastic 
in the short term, interacts with the demand for such space from end-users. The 
outcome of this interaction is the net take-up, which is the total volume of new rentals, 
including expansions and pre-lets, the price of rent and the remaining vacancy rate. 
While the prices of rent are to some extent governed by shared fundamentals, some of 
the determinants are specific to individual types of property. The common factors most 
cited in the literature are GDP growth, which is related to income and spending, and 
employment, which links to the need for space, especially in the office segment 
(Coffinet and Kintzler, 2019; ESRB, 2018; Hagen and Hansen, 2018; Bassett and 
Marsh, 2016; Blake et al., 2011; ECB, 2011). The segment-specific factors include, for 
example, manufacturing output for logistics property and household consumption for 
retail property45 (BdF, 2017). 

The investment segment is where transactions in new and existing space take place. 
An important variable is the prime yield, which is the yield required by investors. In 
theory, the prime yield consists of the risk-free rate and the risk premium. As such, it 

 
45 Apart from these factors, there are also structural factors, for example, the efficiency of use of the 
space and modes of work for office property, and methods of consumption, which affect the share of 
warehousing vs. retail merchandising for logistics and retail property (BdF, 2017) 
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may depend on various factors, including yields on alternative assets, interest rates, 
risks associated with the domestic property market, and the overall economic outlook 
(Coffinet and Kintzler, 2019; ESRB, 2018; Hagen and Hansen, 2018; BdF, 2017; 
Bassett and Marsh, 2016). The prime yield, the expected rent and the vacancy rate 
determine the price which the investor is willing to pay for the property – the “capital 
value”. Counting on the possibility of the property becoming temporarily unoccupied, 
which is equal to the vacancy rate (see Hlaváček et al., 2014), the capital value may be 
defined as:  

capital value =  
rent (1 − vacancy)

yield
 

The final segment is the construction segment, where the supply of existing space 
increases subject to property prices, rents and vacancy rates. The construction segment 
is influenced by many factors, including the cost of labour, costs of materials, prices of 
land, profit margins demanded in the construction industry, and urban policies, which 
are under the control of national or local authorities. Given the mid-term nature of 
rental contracts46 and the time delay between deciding to build a property and renting 
it out, a part of the supply tends to be uncovered and therefore the vacancy rate tends 
to be positive. The change in the vacancy rate then depends on the difference between 
the new supply (completions) and the volume of new rentals (net take-up): 

∆vacancy =  
completions − net take up

supply
 

Through the change in the vacancy rate, the new supply of space affects the prices 
of rent (Coffinet and Kintzler, 2019; BdF, 2017). However, the construction segment 
operates on a rather longer time scale than the rental and investment segments. Some 
authors argue that construction lags represent a source of increased volatility of the 
commercial property, since the sources of demand may have gone away by the time 
the construction is completed. This is one of the reasons why vacancy rates may go up 
and exert downward pressure on property prices in periods of stress (ESRB, 2018; 
Hagen and Hansen, 2018; Fessenden and Muething, 2017). In situations where 
construction is driven by exaggerated or imprudent expectations, over-construction 
may even be the source of price adjustment (Englund, 1999). 

 
46 Lease contracts with end-users of property (tenants) are becoming recently increasingly flexible.   
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4. Estimating Commercial Property Price Misalignment 

4.1. Model 

The aim of this chapter is to estimate commercial property price misalignment 
using a model which reflects the structure of the commercial real estate market. To this 
end, we propose a four-equation model which describes the three segments of the 
commercial real estate market (rental, investment and construction) and their 
interlinkages.  

The first two equations describe the rental segment. Equation (1) explains net take-
up using indicators of real economic activity and thus describes the demand side of the 
rental segment. Following some previous studies, our explanatory variables are GDP 
growth and unemployment, which are considered the key drivers of rental markets 
common to all commercial property. As suggested by BdF (2017), instead of overall 
GDP we consider some of its sub-components separately, as they may be particularly 
relevant for individual types of property. Looking for the most parsimonious approach, 
we decided to include the dynamics of consumption and investment and also the 
change in exports of goods and services. Consumption describes the situation of 
households and may affect demand for industrial and logistics premises. Similarly, 
investment reflects the situation of companies and may affect demand for industrial 
and logistics space. Finally, some CEE countries are strongly export-oriented. Given 
that commercial property is an important link in the production and delivery of export 
articles, we saw a clear reason for including exports of goods and services among the 
explanatory variables as well. Positive changes in all of these variables except 
unemployment are indicators of rising demand pressures, which lead to expansion of 
firms and demand for more space. On the contrary, increasing unemployment may be 
associated with weakening demand pressures, which may cause firms to shrink and 
demand for space to diminish. However, the relationship between unemployment and 
firms’ production may not be strictly linear. In a situation of very low unemployment, 
a further decrease may cause labour shortages with negative impacts on firms’ output 
amid solid and growing demand. 

Next, Equation (2) explains the price of rent using net take-up and the vacancy rate 
and as such describes the meeting of demand and supply in the rental segment. High 
net take-up and a low vacancy rate indicate a decreasing supply of existing space, and 
this allows landlords/investors to ask for higher rents.   

Equation (3) describes the investment segment. In particular, it explains the capital 
value of property, which substitutes for information on the price in our analysis, using 
indicators of aggregate demand, financial conditions and investor appetite. To 
determine the factors influencing the capital value of property, we consider indicators 
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of global economic activity, risk-free interest rates and global market stress (see Bassett 
and Marsh, 2016, for a similar set of variables). The same as other authors, we use 10-
year government bond yields as a measure of the risk-free interest rate and VIX as a 
proxy for market stress (see, for example, BdF, 2017, or again Bassett and Marsh, 
2016). As a measure of global economic activity we consider GDP growth and 10-year 
government yields in the Eurozone. We suggest that global economic growth provides 
incentives for investors to pay higher prices for property. The effect of long-term 
interest rates, however, is hard to predict. On the one hand, rising rates are usually 
associated with positive economic development and as such should be associated with 
increasing demand for commercial property. On the other hand, higher rates imply 
more elevated costs of debt financing, which may affect demand for property in the 
opposite way. As regards VIX, periods of market stress should be associated with 
uncertainty and increased risk aversion, which may negatively affect commercial 
property transactions (Bassett and Marsh, 2016). However, the overall effect of market 
stress on the commercial property market may depend on the relative riskiness of 
commercial property investment as perceived by investors compared to alternative 
investment opportunities, including government bonds.  

Finally, Equation (4) describes the construction segment, where it explains 
completions using the change in prices of rents and vacancy rates. Growing prices of 
rent and low vacancy rates provide incentives for property developers to add new space 
and make higher and more secure profits. While Equations (1)–(3) consider the supply 
of space as given and therefore describe the short-term dynamics on the market, 
Equation (4) looks at a longer time scale and assumes that the supply of space may 
adjust with a lag. Although we present this equation here, and as such it makes our 
model complete, for the sake of brevity we do not present the results of estimating this 
equation in the remainder of the chapter. One reason for this is the need to account for 
the lag between completions and the explanatory variables, which would deserve a 
separate analysis in this particular case.  

The whole set of equations is as follows: 

(1) net take upit = c + α1unemploymentit + α2 dslog consumptionit +
α3 dslog investmentit + α4 dslog exports goodsit + α5 dslog exports servicesit + 𝜀𝜀𝑖𝑖𝑡𝑡 

(2) log rentit = c + β1net take upit + β2vacancyit + 𝜖𝜖𝑖𝑖𝑡𝑡 

(3) log capital valueit = c + γ1 log rentit + γ2GDP EURit + γ3bond yields EURit +
γ4 VIXit + 𝜇𝜇𝑖𝑖𝑡𝑡 

(4) completionsit = c + δ1yieldit + δ2vacancyit +𝜔𝜔𝑖𝑖𝑡𝑡  
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where “log” denotes logarithmic transformation, “ds” stands for seasonal 
differences to capture the yearly dynamics of the variables, and “i” stands for individual 
countries or property types where the equations are estimated on a panel. Finally, “t” 
denotes time. “Vacancy” is defined as the vacant or completed space divided by the 
total space. 

Variables defined in percentage points were included as such, while variables in 
absolute terms were included in logarithms. GDP and its components were included in 
yearly differences to remove seasonal patterns. Regarding the time pattern of our 
variables, most of them are trending over the period covered by our sample, but some 
may be considered mean-reverting over a longer time scale. Some of the mean-
reverting variables are flow variables (net take-up), while others are level variables but 
tend to oscillate within the cycle (yields, vacancy rates, government bond yields and 
VIX). To control for the levels of the explained variables, we included a constant in 
each equation.  

Finally, we deem it necessary to admit that due to a lack of data, our model is 
constrained by several omitted variables that may be considered important. These 
variables include, among others, the variation in the supply of credit over time, the 
long-term expectations of investors about rental income, and the specific risk premiums 
required. 

4.2. Estimation Approach 

Equations (1)–(3) were estimated using a two-stage approach. This means that the 
explained variables were estimated using fitted values of the variables explained in the 
previous equations. The results of interest are the residuals from the price equation (3), 
which provide information about commercial real estate under- or overvaluation. 

On the one hand, the dimension of the data set, which includes quite a few cross-
section identifiers and a relatively long time span, would suggest using pooled OLS 
with fixed effects rather than panel regression to estimate the model (see, for example, 
Cameron, 2007). On the other hand, we were aware that some of the variables in the 
model include the unit root, so the assumptions of an OLS model would be violated. 
At the same time, first differencing the unit root variables would lead to losing 
information about the levels of the variables, which is crucial for calculating the 
misalignment of property prices. For this reason, we opted for panel regression with 
fixed effects. When estimating the equations, robust standard errors were used in order 
to avoid the generated regressors problem. 

The property types included are office and industrial property. For retail property, 
the estimates can only be done for the single price equation, because the other models 
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require data on vacancy rates and net take-up and these data are not available for this 
type of property. For the sake of brevity, these estimates were excluded from this 
chapter. 

The countries included are the Czech Republic, Hungary, Poland, Romania, 
Slovakia and Germany. The choice of CEE countries was mainly determined by the 
availability of data. Germany was included due to the important economic interlinkages 
between this country and the CEE economies, which are important for explaining the 
property price dynamics in the respective markets.  

In addition, the model was estimated on two different types of panels. The first was 
a “cross-country” panel in which the equations for each type of commercial property 
were estimated separately on a panel of countries. The results are the estimated under- 
or overvaluation of individual commercial property in individual countries from a 
country comparison. We present these results for all the countries in the panel. The 
second type of panel was a “cross-property” one in which the equations for each type 
of commercial property in one selected country were estimated on a panel of property 
types in this country. This may be interpreted as the price misalignment from the point 
of view of investors looking to purchase a certain property type, whatever the country 
in the region. The results are the estimated under- or overvaluation of individual 
commercial property in individual countries from a property type comparison. This, on 
the other hand, may be interpreted as the price misalignment from the point of view of 
investors looking to purchase in a particular country, whatever the property type. For 
the sake of brevity, the estimates on the cross-property panel are presented for the 
Czech Republic only. 

At the same time, the panel-specific constants control for differences in the levels 
of some of the variables (see also Davis and Zhu, 2011, for a panel model with fixed 
effects). In particular, the constants in the cross-country panel reflect the heterogeneity 
of the countries included in the panel, which is reflected in distinct values of the 
macroeconomic and real estate indicators. In the cross-property panel, the constants 
account for differences in the values of the nominal variables for the two types of 
property in the individual countries (for example, higher rent values for office 
compared to logistics and industrial property). However, the results of the cross-
property panel are only presented for the Czech Republic as an example, as we have 
the most balanced panel of data across property types for this country.  

Finally, the estimated misalignment of property prices was obtained as the residuals 
of Equation (3), in which the logarithmic transformation of the capital price is the 
explained variable.  



Analyzing Commercial Property Prices in the CEE Countries   103 
 

4.3. Data 

The data on the physical commercial property markets for the individual property 
types and countries (prime yield, prime rent, stock, completions, vacancy and net take-
up) were provided by JLL. In terms of coverage, the dataset refers to modern stock, 
which means class A and B stock for offices and class A stock for industrial properties. 
In terms of geography, the office market data and the industrial market data refer to the 
CEE capital cities (Prague, Warsaw, Bratislava, Budapest and Bucharest). As for 
Germany, which serves as the benchmark for the CEE markets in this analysis, the 
capital city was replaced by Frankfurt in the dataset. For benchmarking purposes, the 
Frankfurt office and industrial markets proved to be more stable and less influenced by 
the post-1990 transformation process than their Berlin counterparts.  

The JLL dataset is based on quarterly updates of the respective markets and sectors 
in the individual countries. The data is aggregated but is based on actual transactions 
and market development monitored and collected by JLL. The data is collected in line 
with the JLL property data definitions and methodology, which are common to the 
entire region, yet some local adjustments are possible within specific markets based on 
actual market practice and conditions. Definitions of the indicators are provided in 
Annex B, along with figures of the key variables per property type and country and 
summary statistics of the JLL dataset. 

The length of data series in the JLL dataset varies depending on the data availability 
in each market. The longest data series in the subject dataset refer to the office markets 
in Prague, Warsaw and Frankfurt, where they cover the period from 1996 to the present 
for all the indicators. The differing data availability is due to the fact that modern real 
estate markets started to develop later in some countries than in others. The same 
applies to the industrial sector; the longest time series in the industrial and logistics 
dataset – starting in 2000/2001 – are available for the Prague, Warsaw and Budapest 
markets. However, partial coverage (i.e. not including all the indicators) is available 
since 1997 for the following locations: Prague, Warsaw, Budapest, Bucharest and 
Frankfurt. As for the individual indicators, vacancy rates in the industrial sector are not 
available for the German market to the extent they are for the CEE markets. This is 
because of a lack of transparency. Vacancy rate estimates for the Frankfurt market were 
therefore used for this purpose.  

In CEE, the large majority of the modern office stock of each country is located in 
the capital city, so focusing on cities instead of countries is justifiable. The German 
market, though, is different, consisting of several strong office centres which may show 
slight variability in trends based on local fundamentals. Nevertheless, for the purposes 
of our comparison, we used data for the city instead of the country. The same is even 
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more true for the industrial sector, which in principle works on a national level, 
covering entire countries rather than cities. Nevertheless, due to a lack of national-level 
data in Hungary and Romania, we focused on the industrial sector in the capital cities 
and Frankfurt instead. 

The data on macroeconomic variables (unemployment, the GDP components in the 
individual countries of the panel, and GDP in the Eurozone and the US) were obtained 
from Eurostat. The source of the financial market data (10-year government bond 
yields in the Eurozone and the US, and VIX) is Datastream.  

The full dataset which we used for estimating our model covers the period from 
1997 to mid-2019 and is quarterly. All nominal variables were converted to real terms 
using CPI indices. Net take-up, completions and VIX were included as four-quarter 
averages to reduce the volatility of the observed values. The panel of data is 
unbalanced. 

5. Results 

To assess our estimates, we studied the significance and signs of the estimated 
explanatory variables (in parts 5.1 and 5.2, we only discuss those relationships which 
are significant at a 90% or higher level of confidence). In particular, we studied all the 
equations in order to evaluate the specification of the model. First, we analysed the 
results of the system of equations for the cross-country panel. Then, we compared these 
results with those for the Czech Republic from the cross-property type panel. Finally, 
we contrasted the estimates of property price misalignment which we obtained from 
our model with alternative univariate estimates using an HP filter.  

5.1. Estimates on a Cross-Country Panel 

In Equation (1) estimated on a cross-country panel, we found the expected negative 
relationship between net take-up and unemployment and also the expected positive 
relationship between net take-up and change in investment. A negative relationship 
was also estimated between net take-up and change in exports of goods, which is hard 
to explain on theoretical grounds. These results were consistent between office and 
industrial property. (For an overview of the estimates see Table B.3 in Appendix B.)  

In Equation (2), we found the expected negative relationship between prices of rent 
and vacancy rates. However, this relationship is only significant for office property. 
This may be explained by the fact that industrial and logistics property often requires 
specific characteristics in terms of size and technical equipment. For this reason, new 
space, especially in light industrial production, is often constructed for new tenants. On 
the other hand, already existing vacant space may not be an alternative for new tenants, 
because of either the specification or the location of the space, so the offer of such 
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space does not affect the prices of rents for this property type so significantly. A 
negative relationship was also estimated between prices of rent and net take-up. This 
may account for the fact that net take-up is higher when rents are low. (Table B.4 in 
Appendix B) 

In Equation (3), we found the expected positive relationship between capital prices 
and GDP growth in the Eurozone. A negative relationship was estimated between 
capital value and Eurozone government bond yields. This may suggest that commercial 
property in the CEE countries is viewed as an alternative to euro area government 
bonds. Conversely, VIX was found to affect CEE property prices positively, meaning 
that investors require higher yields from investment in times of stress. (Table B.5 in 
Appendix B) 

5.2. Estimates on a Cross-Property Panel 

Slightly different estimates were obtained from the cross-property panel estimated 
for the example of the Czech Republic (for these estimates, see the right-hand columns 
of Tables B.3–B.5 in Appendix B). In some cases, the signs of the estimated 
coefficients were different from those for the country panels and go against the 
relationship suggested by the theory. Such results may point to misspecification of the 
panel. This would indicate segmentation of the market by property types rather than 
countries. In other words, investors may be generally oriented towards particular 
property types rather than countries. Such interpretation would underline the 
international character of the commercial real estate market, with investors first 
choosing the property type they are interested in and only after that choosing the 
country to invest in. 

5.3. Comparison of the Results across Countries and Property Types  

A comparison of the results across property types shows that the amplitude of the 
price misalignment is similar for office and industrial property for our sample of 
countries and period considered. A comparison of the results between countries also 
shows that the price misalignment is correlated for the individual property types 
(Figure 1). However, the extent of the misalignment in individual countries may differ. 
For the Czech Republic, for which we estimate our model on the cross-country as well 
as the cross-property panel, the price misalignment also differs when estimated on 
these different panels (Figure 2).  
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Figure 1: Property Price Misalignment – Results from the Cross-Country Panel 
(in %) 

 

Source: JLL, Datastream, Eurostat, authors’ calculations 

As of mid-2019, office property shows a varying degree of price misalignment 
(Figure 1). Such property is estimated as overvalued in the Czech Republic, Germany 
and Hungary and to a lesser extent also in Poland. On the other hand, the estimates 
show undervaluation and roughly equilibrium values in Romania and Slovakia 
respectively. This heterogeneity also applies if we compare the most recent results with 
those for 2007/2008, when property prices recorded their last cyclical peak in many 
countries worldwide. In the Czech Republic and Hungary, the current overvaluation of 
office property is of a comparable extent as in 2007/2008. In Poland, the current 
overvaluation is lower. Similar results hold for industrial property. The estimated 
degree of overvaluation of industrial premises is comparable to that of office property 
in the Czech Republic and Germany. In Hungary, industrial property was found to be 
less overvalued than offices, and the same holds for Poland.  

Using the misalignment of apartment prices in the Czech Republic, provided in 
Chapter 1, we can also us compare the cyclicality of the commercial and residential 
property in this particular country (Figure 3). The results show that the degree of price 
misalignment was comparable for both markets around the last price peak in 2008. 
Similarly, correction of this misalignment followed very similar path according to the 
simple accelerator model for apartment prices (part 4.2. of Chapter 1). As of mid-2019, 
however, the overvaluation of the commercial property was more significant according 
to our results. Somewhat “lagged” values of the misalignment for apartment prices may 
be due to the lags that are included in both models for this type of property that are 
presented in Chapter 1.   
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Figure 2: Property Price Misalignment – Results from the Cross-Property Panel 
for the Czech Republic (in %) 

 

Note: The results corresponding to the cross-country panel in this figure are identical to those from 

Figure 1 for the Czech Republic. They were added for the purposes of comparison with the results 

corresponding to the panel of property types. 

Source: JLL, Datastream, Eurostat, authors’ calculations 

Figure 3: Property Price Misalignment – Comparison for different types of 
property in the Czech Republic (in %) 

 

Note: For the purposes of comparison, we used the estimates of the commercial property price 

misalignment of the model made on the cross-country panel. Results for the office and industrial and 

logistic property in this figure are therefore identical to those in Figure 1 for the Czech Republic. For 

flats, we used estimates derived in parts 4.1 and 4.2 of Chapter 1 on the sample which spans up the end 

of 2019. For the inverted demand model, we show estimates for the first specification of the model, 

which considers housing stock per households among explanatory variables. 

Source: JLL, Datastream, Eurostat, CZSO, CNB, authors’ calculations 
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5.4. Comparison of the Results to those of the HP Filter  

To check for the appropriateness of using our semi-structural model, we compared 
the estimates from the cross-property panel with the results of an HP filter. Specifically, 
two-sided HP filter was applied to capital value, and the cyclical component was 
considered as an alternative proxy for property price misalignment. A number of 
lambda parameters were considered for this exercise. First, we used lambda of 1600, 
which is the standard value for quarterly data in the business cycle analysis. This is a 
valid assumption provided that property prices evolve in line with the business cycle 
and have similar lengths. Commercial property is, however, also linked to the credit 
cycle (or the financial cycle in general), which may sometimes follow am independent 
path (as not all recessions are financial crises). In this respect, Drehmann et al. (2010) 
argue that the credit cycle may be longer than the business cycle, as indicated by the 
duration between past systemic crises. This would suggest that significantly higher 
lambda may need to be used as the smoothing parameter in the HP filter. In particular, 
Drehmann et al. (2010) find that for the calculation of credit-to-GDP gap, lambda of 
125 000 and 400 000 yield plausible results in terms of predicting past systemic crises. 
In a similar vein, they use very high values of lambda to demonstrate the predictive 
power of property prices with regards to the state of the financial cycle. For this reason, 
we also assumed lambdas of 25 000, 100 000, and 400 000 in our comparison to the 
model-based results.    

As can be seen from this comparison, detrending the commercial property prices 
using HP filter and small values of lambda may lead to end-point bias (Figure 4). In 
particular, for the end of our sample the HP filter indicates that capital value is at 
equilibrium levels for all countries and property types in the panel. In contrast to this, 
our semi-structural model indicates deviations from the equilibrium values. However, 
as the values of lambda increase significantly, the size of the cyclical component gets 
closer to the estimates from our model. This could confirm that commercial property 
prices are linked to the financial cycle and that our model captures this characteristic 
well. Nevertheless, it still needs to born in mind that while the model seems to provide 
plausible results ex-post but its ex-ante predictivity power has not been tested. 
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Figure 4: Property Price Misalignment – Model-Based Estimates vs. HP Filter 
(in %) 

 

 

Note: To derive the cyclical component of the property prices, we used two-sided HP filter and applied 

it to the whole period available for each country and property type. For the purposes of comparison with 

the HP filter-based results, we used the estimates of the model made on the cross-country panel. The 

model-based results in this figure are therefore identical to those in Figure 1.  

Source: JLL, Datastream, Eurostat, authors’ calculations 
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6. Conclusion 

In this chapter we presented a semi-structural model of the commercial property 
market which imitates the functioning of various segments of that market. Furthermore, 
we estimated this model separately for two types of property, namely office and 
industrial. To this end, we used a unique set of data on the markets for the two property 
types in five CEE countries and Germany, provided by JLL. First, we described the 
functioning of the commercial real estate market, which consists of three separate but 
interlinked segments (rental, investment and construction). Then, we proposed a four-
equation model which corresponds to these three segments of the commercial real 
estate market. The interlinkages between these segments are represented by some of 
the variables which are common to more than one equation.  

The model was estimated on two types of panels – cross-country and cross-
property. The results from the cross-country panel are the estimated under- or 
overvaluation of individual commercial property in individual countries from a country 
comparison. The results from the cross-property type panel are the estimated under- or 
overvaluation of individual commercial property in individual countries from a 
property type comparison (this type of panel was only estimated for the Czech Republic 
as an example). In terms of the significance and expected signs of the estimated 
coefficients, the estimates on the cross-country panel give more intuitive results than 
those on the cross-property type panel. Such conclusions also support the market-wide 
opinion that investors tend to orientate towards certain property types rather than 
particular countries.  

As of mid-2019, the results indicate overvaluation for most of the property types in 
most of the countries considered. A comparison of the results shows that the amplitude 
of the price misalignment is similar for office and industrial property for our sample of 
countries and period considered. For the Czech Republic, the amplitude was also 
comparable across the commercial and residential property over part of this period, 
assuming the estimates from Chapter 1. As of mid-2019, however, the overvaluation 
of the commercial property was more significant according to our results.  Within 
individual countries, the dynamics of commercial property prices are mostly correlated 
across types of property, although the degree of overvaluation differs. Comparison of 
the results with cyclical component of property prices derived using HP filter suggests 
that using HP filter with very high values of the smoothing parameter yield similar 
results to ours. This would confirm that the commercial property price cycle has a 
longer length than the business cycle, possibly because of its linkages to the financial 
cycle, and that our model captures this characteristic well.   
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Using the framework presented in this chapter, we can analyze risks to financial 
stability related to commercial real estate exposures separately for the individual 
property types. This is especially important since the individual property markets are 
governed by shared fundamentals but to some extent also depend on different factors. 
As a result, the various types of commercial property may demonstrate different 
dynamics, so the potential riskiness of the individual property types with regard to 
financial stability may differ at certain points in time. 

However, the results need to be interpreted with caution. Possible shortcomings of 
the estimates stem from the limited availability of the data in terms of length. As 
described by Hagen and Hansen (2018), other potential problems may include 
structural breaks and omitted variables. An important disclaimer also applies to the 
interpretation of our results, i.e. the estimated misalignment of property prices. In this 
respect, misalignment should be regarded as the price gap from investors’ point of view 
and may not reflect the financial stability perspective. This is because, by including 
market-based variables such as yields among the explanatory variables, we in fact 
assess the sustainability of property prices using variables which may not be at 
sustainable levels either. For example, the low yields in the global economy may be 
perceived by investors as medium or long-term values. This is then reflected in low 
yields required when purchasing property and, in turn, in higher capital values of 
property. If the low-yield environment changes, property prices may undergo a 
correction that is larger than the overvaluation currently estimated in this paper. 
Finally, our model seems to provide plausible results ex-post but its ex-ante predictivity 
power has not been tested. 
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Appendix A (Chapter 1) 

A.I Inverted demand model of equilibrium house prices 

Figure A.1: Display of data  

 

Source: Data from CZSO and Eurostat, authors’ calculations 
 

Table A.1: Augmented Dickey-Fuller test of unit root 

Null Hypothesis: Includes unit root     

  t-Statistic p-value 
log (real house prices) -2.567 0.296 
log (real gross disposable income per capita) -2.795 0.204 
log (unemployment) -1.727 0.730 
log (real rental costs) -3.281 0.077 
log (apartments per households) -2.382 0.150 
log (apartments per ind. of effective demand) -0.306 0.920 

Source: Authors’ calculations  



Appendix A (Chapter 1)  115 
 
Table A2: F-Bounds Test of cointegration 

Null Hypothesis: No cointegration     

Test Statistic Value Signif. I(0) I(1) 
   Asymptotic: n=1000 
First specification (incl. apartments per households) 
F-statistic 3.952 10% 2.200 3.090 
  5% 2.560 3.490 
  2.50% 2.880 3.870 
   1% 3.290 4.370 
Second specification (incl. apartments per ind. of effective demand) 
 7.370 10% 2.200 3.090 
  5% 2.560 3.490 
  2.50% 2.880 3.870 
  1% 3.290 4.370 

Source: Authors’ calculations  

 

Table A.3: Estimates of the cointegrating relationship  

Variable Coefficient Std. Error 
First specification (incl. apartments per households) 
log (real gross disposable income per cap.) 2.340 2.164 
log (unemployment) 0.055 0.342 
log (real rental costs) -0.507 0.602 
log (apartments per households) -2.549 11.776 
c -3.752 7.127 
Second specification (incl. apartments per ind. of effective demand) 
log (real gross disposable income per cap.) 1.292 0.343 
log (unemployment) -0.100 0.067 
log (real rental costs) -0.317 0.196 
log (apartments per ind. of effective demand) -0.374 0.961 
c 1.128 2.373 

Source: Authors’ calculations  
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A.2 Simple accelerator model of equilibrium house prices 

Figure A.2: Display of data  

 

Source: Data from CZSO and CNB, authors’ calculations 
 

Table A.4: Augmented Dickey-Fuller test of unit root 

Null Hypothesis: Includes unit root   

  t-Statistic p-value 
log (real house prices) -2.421 0.365 
log (real GDP) -2.233 0.463 
log (real mortgage loans) -3.481 0.051 

Note: Includes trend and four lags of endogenous variables in the test regression. 

Source: Authors’ calculations  
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Table A.5: Johansen test of cointegration 

Sigma trace statistic at the 0.05 level     

No. of CE(s) Eigenvalue Statistic Crit. Value Prob.** 
None * 0.242 41.134 35.011 0.010 
At most 1 * 0.208 19.251 18.398 0.038 
At most 2 0.011 0.871 3.841 0.351 

Sigma max statistic at the 0.05 level     

No. of CE(s) Eigenvalue Statistic Crit. Value Prob.** 
None * 0.242 21.883 24.252 0.100 
At most 1 * 0.208 18.380 17.148 0.033 
At most 2 0.011 0.871 3.841 0.351 

Note: Includes trend and four lags of endogenous variables in the test regression. 

Source: Authors’ calculations  

 

Table A.6: Estimates of the error term 

Variable Coefficient Std. Error 
First cointegrating relationship   
log (real house prices) 1  
log (real GDP)   
log (real mortgage loans) -0.1939 0.0592 
time trend 0.0002  

c -3.8431   
Second cointegrating relationship   
log (real house prices)   

log (real GDP) 1  

log (real mortgage loans) -0.080 0.018 
time trend -0.003  

c -13.395   

Note: Includes trend and four lags of endogenous variables in the test regression. 

Source: Authors’ calculations  
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Table A.7: Equation-specific test of non-linearity in short-tem dynamic 

Transition variable Lag LM P-value LM P-value LM P-value 

  Eq. log (real house prices) Eq. log (real GDP) Eq. log (real mortgage loans) 
ds log (real house prices) -1 3.055 3.87E-04 1.137 3.43E-01 2.011 1.76E-02 
ds log (real house prices) -2 3.675 4.62E-05 2.313 5.73E-03 1.560 8.94E-02 
ds log (real house prices) -3 4.382 4.79E-06 1.445 1.32E-01 1.986 1.93E-02 
ds log (real house prices) -4 4.513 3.21E-06 1.181 3.03E-01 4.959 8.54E-07 
ds log (real house prices) -5 5.845 7.39E-08 1.657 6.36E-02 5.958 5.50E-08 
ds log (real GDP) -1 2.731 1.24E-03 1.117 3.62E-01 4.859 1.15E-06 
ds log (real GDP) -2 2.877 7.31E-04 1.246 2.49E-01 2.560 2.30E-03 
ds log (real GDP) -3 2.155 1.03E-02 3.040 4.08E-04 2.303 5.94E-03 
ds log (real GDP) -4 2.835 8.48E-04 1.760 4.39E-02 3.699 4.27E-05 
ds log (real GDP) -5 2.928 6.08E-04 1.416 1.46E-01 2.652 1.65E-03 
ds log (real mortgage loans) -1 2.349 5.03E-03 0.954 5.42E-01 3.385 1.23E-04 
ds log (real mortgage loans) -2 1.942 2.26E-02 1.389 1.59E-01 2.951 5.61E-04 
ds log (real mortgage loans) -3 1.637 6.81E-02 2.374 4.57E-03 2.804 9.51E-04 
ds log (real mortgage loans) -4 2.929 6.06E-04 1.775 4.16E-02 5.046 6.67E-07 
ds log (real mortgage loans) -5 2.481 3.08E-03 0.910 5.96E-01 3.531 7.48E-05 

Note: Includes trend and two lags of endogenous variables in the test regression. "ds" denotes seasonal differences. 

Source: Authors’ calculations 
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Table A.8: System-wide test of non-linearity in short-tem dynamic 

Transition variable Lag Sample size LR-stat Degrees of 
freedom P-value 

ds log (real house prices) -1 84 217.814 81 1.77E-14 
ds log (real house prices) -2 84 210.484 81 1.83E-13 
ds log (real house prices) -3 84 250.320 81 3.52E-19 
ds log (real house prices) -4 84 307.400 81 4.37E-28 
ds log (real house prices) -5 84 293.004 81 8.95E-26 
ds log (real GDP) -1 84 254.477 81 8.38E-20 
ds log (real GDP) -2 84 201.192 81 3.29E-12 
ds log (real GDP) -3 84 214.485 81 5.14E-14 
ds log (real GDP) -4 84 224.943 81 1.76E-15 
ds log (real GDP) -5 84 195.912 81 1.64E-11 
ds log (real mortgage loans) -1 84 200.675 81 3.85E-12 
ds log (real mortgage loans) -2 84 204.768 81 1.09E-12 
ds log (real mortgage loans) -3 84 191.835 81 5.56E-11 
ds log (real mortgage loans) -4 84 206.104 81 7.20E-13 
ds log (real mortgage loans) -5 84 247.052 81 1.08E-18 

Note: Includes trend and two lags of endogenous variables in the test regression. "ds" denotes seasonal differences. 

Source: Authors’ calculations  
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Table A.9: Nested hypothesis testing for fit of transition variable 

Hypothesis Transition variable Lag LM P-value LM P-value LM P-value 

   Eq. log (real house prices) Eq. log (real GDP) Eq. log (real mortg. loans) 
H03 ds log (real house prices) -5 2.4298 0.0233 1.1533 0.3462 1.8695 0.0803 
H02 ds log (real house prices) -5 5.5581 0.0000 1.4451 0.1915 2.5916 0.0142 
H01 ds log (real house prices) -5 4.1231 0.0003 2.1476 0.0375 9.3832 0.0000 

Note: Includes trend and two lags of endogenous variables in the test regression. "ds" denotes seasonal differences. Rejecting the null hypothesis H02 

with the lowest p-values implies using exponential transition function in the respective equation. On the other hand, rejecting the null hypothesis H03 or 
H01 with the lowest p-values implies using logistic transition function in the respective equation. 
Source: Authors’ calculations   
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A.III Analysis of the interaction between asking and transaction prices 

Table A.10: Augmented Dickey-Fuller test of unit root 

Null Hypothesis: Includes unit root   

  t-Statistic p-value 
Capital city     
log (asking prices) -1.631 0.768 
log (transaction prices) -2.380 0.386 
Rest of the country     
log (asking prices) -2.228 0.465 
log (transaction prices) -2.428 0.362 

Note: Includes trend and four lags of endogenous variables in the test regression. 

Source: Authors’ calculations  

 

Table A.11: Johansen test of cointegration 

Sigma trace statistic at the 0.05 level     

No. of CE(s) Eigenvalue Statistic Crit. Value Prob.** 
Capital city         
None * 0.293 26.783 18.398 0.003 
At most 1 * 0.131 7.696 3.841 0.006 
Regions         
None 0.206 16.860 18.398 0.081 
At most 1 * 0.073 4.169 3.841 0.041 

Sigma max statistic at the 0.05 level     

No. of CE(s) Eigenvalue Statistic Crit. Value Prob.** 
Capital city         
None * 0.293 19.087 17.148 0.026 
At most 1 * 0.131 7.696 3.841 0.006 
Regions         
None 0.206 12.691 17.148 0.198 
At most 1 * 0.073 4.169 3.841 0.041 

Note: Includes trend and four lags of endogenous variables in the test regression. 

Source: Authors’ calculations  
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Table A.12: Estimates of the error term 

Variable Coefficient Std. Error 
Capital city     
log (transaction prices) 1  
log (asking prices) -0.914 0.071 
time trend 0.003  

c -0.543   
Regions     
log (transaction prices) 1  

log (asking prices) -1.403 0.175 
time trend 0.002  

c 1.955   

Note: Includes trend and four lags of endogenous variables in the test regression. 

Source: Authors’ calculations 
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Table A.13: Equation-specific test of non-linearity in short-tem dynamic 

Transition variable Lag LM Eq. log 
(asking prices) P-value LM Eq. log 

(transact. prices) P-value 

Capital city           
ds log (asking prices) -1 3.816 3.41E-04 2.261 1.90E-02 
ds log (asking prices) -2 4.064 1.90E-04 1.515 1.43E-01 
ds log (asking prices) -3 2.455 1.12E-02 2.555 8.55E-03 
ds log (asking prices) -4 1.391 1.97E-01 1.854 5.78E-02 
ds log (asking prices) -5 4.193 1.41E-04 2.330 1.57E-02 
ds log (transaction prices) -1 1.787 6.93E-02 2.694 5.88E-03 
ds log (transaction prices) -2 5.150 1.74E-05 3.176 1.67E-03 
ds log (transaction prices) -3 1.173 3.33E-01 2.589 7.79E-03 
ds log (transaction prices) -4 1.207 3.07E-01 2.544 8.79E-03 
ds log (transaction prices) -5 1.586 1.19E-01 1.747 7.73E-02 
Rest of the country           
ds log (asking prices) -1 2.100 2.95E-02 2.301 1.70E-02 
ds log (asking prices) -2 3.882 2.91E-04 3.462 8.10E-04 
ds log (asking prices) -3 4.091 1.78E-04 1.650 1.00E-01 
ds log (asking prices) -4 6.068 2.82E-06 4.124 1.65E-04 
ds log (asking prices) -5 15.477 1.16E-11 6.165 2.35E-06 
ds log (transaction prices) -1 5.599 6.99E-06 4.416 8.47E-05 
ds log (transaction prices) -2 7.154 4.02E-07 4.602 5.60E-05 
ds log (transaction prices) -3 6.850 6.80E-07 3.004 2.60E-03 
ds log (transaction prices) -4 6.745 8.18E-07 3.786 3.67E-04 
ds log (transaction prices) -5 8.372 5.64E-08 3.281 1.28E-03 

Note: Includes trend and two lags of endogenous variables in the test regression. "ds" denotes seasonal differences. 

Source: Authors’ calculations 
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Table A.14: System-wide test of non-linearity in short-tem dynamic 

Transition variable Lag Sample size LR-stat Degrees of 
freedom P-value 

Capital city           
ds log (asking prices) -1 60 103.745 36 1.74E-08 
ds log (asking prices) -2 60 93.927 36 4.58E-07 
ds log (asking prices) -3 60 88.981 36 2.23E-06 
ds log (asking prices) -4 60 59.573 36 8.03E-03 
ds log (asking prices) -5 60 101.041 36 4.36E-08 
ds log (transaction prices) -1 60 86.010 36 5.63E-06 
ds log (transaction prices) -2 60 127.498 36 3.72E-12 
ds log (transaction prices) -3 60 70.283 36 5.43E-04 
ds log (transaction prices) -4 60 70.471 36 5.16E-04 
ds log (transaction prices) -5 60 67.573 36 1.11E-03 
Rest of the country           
ds log (asking prices) -1 60 76.698 36 9.09E-05 
ds log (asking prices) -2 60 107.733 36 4.44E-09 
ds log (asking prices) -3 60 103.074 36 2.19E-08 
ds log (asking prices) -4 60 126.663 36 5.06E-12 
ds log (asking prices) -5 60 173.340 36 7.01E-20 
ds log (transaction prices) -1 60 122.251 36 2.55E-11 
ds log (transaction prices) -2 60 135.501 36 1.88E-13 
ds log (transaction prices) -3 60 129.393 36 1.84E-12 
ds log (transaction prices) -4 60 119.885 36 6.01E-11 
ds log (transaction prices) -5 60 126.359 36 5.66E-12 

Note: Includes trend and two lags of endogenous variables in the test regression. "ds" denotes seasonal differences. 

Source: Authors’ calculations  
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Table A.15: Nested hypothesis testing for fit of transition variable 

Hypothesis Transition variable Lag LM P-value LM P-value 

  Capital city   Eq. log (house prices) Eq. log (GDP) 
H03 ds log (asking prices) -2 1.9460 0.1006 0.8615 0.5325 
H02 ds log (asking prices) -2 7.7758 0.0000 7.0679 0.0000 
H01 ds log (asking prices) -2 3.1490 0.0112 5.0651 0.0004 
  Rest of the country   Eq. log (house prices) Eq. log (GDP) 
H03 ds log (transaction prices) -5 6.7441 0.0001 2.5017 0.0404 
H02 ds log (transaction prices) -5 9.8696 0.0000 6.8231 0.0000 
H01 ds log (transaction prices) -5 5.4832 0.0002 3.6067 0.0050 

Note: Includes trend and two lags of endogenous variables in the test regression. "ds" denotes seasonal differences. Rejecting the null hypothesis H02  

with the lowest p-values implies using exponential transition function in the respective equation. On the other hand, rejecting the null hypothesis H03 or  
H01 with the lowest p-values implies using logistic transition function in the respective equation. 

Source: Authors’ calculations 
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A.IV Testing for stability of house prices with respect to income  

Figure A.3: Display of data 
New EU countries  

 

Source: BIS, CZSO, World Bank 

Figure A.4: Display of data  
Old EU and other EEA countries  

 

Source: BIS, World Bank 
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Figure A5: Display of data 
Other selected world economies  

 

Source: BIS, World Bank 

Figure A.6: Display of data  
GDP per capita (PPP, 2010 USD values)  

 

Source: World Bank 
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Table A.16: Panel unit root tests for variables log (house prices) and log (GDP per capita) 

Fisher-type test based on ADF tests Ho: All panels contain unit roots       Ha: At least one panel is stationary 
 Inverse chi-squared Inverse normal  Inverse logit  Modified inv. chi-square 
  Statistic P-value Statistic P-value Statistic P-value Statistic P-value 
log (house prices)                 
Whole sample 105.836 0.009 -0.135 0.446 -1.234 0.109 2.617 0.004 
New EU countries 34.013 0.049 -0.239 0.406 -1.039 0.152 1.811 0.035 
Old EU countries 25.283 0.909 1.237 0.892 1.260 0.894 -1.263 0.897 
Other world economies 12.591 0.559 0.069 0.527 0.040 0.516 -0.266 0.605 
log (GDP per capita)                 
Whole sample 50.297 0.984 2.970 0.999 2.908 0.998 -1.948 0.974 
New EU countries 21.995 0.460 0.017 0.507 -0.060 0.476 -0.001 0.500 
Old EU countries 20.097 0.985 2.709 0.997 2.656 0.995 -1.874 0.970 
Other world economies 7.972 0.891 1.999 0.977 2.096 0.979 -1.139 0.873 

Note: Includes trend and four lags of endogenous variables in the test regression. UK still considered part of the EU for the purpose of this analysis. 

Source: Authors’ calculations 
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Table A.17: Pedroni test for panel cointegration between log(real house prices) and real GDP per capita 

Ho: No cointegration                        Ha: All panels are cointegrated       
 Modified Phillips-Perron t  Phillips-Perron t  Augmented Dickey-Fuller t 
  Statistic P-value Statistic P-value Statistic P-value 
Whole sample -4.514 0.000 2.542 0.006 2.763 0.003 
New EU countries -0.035 0.486 -0.408 0.342 -8.3E+14 0.000 
Other EU and EEA countries -1.098 0.136 2.450 0.007 2.752 0.003 
Other world economies 2.516 0.006 2.689 0.004 2.049 0.020 

Note: Includes trend and number of lags based on AIC in the test regression. UK still considered part of the EU for the purpose of this analysis. 

Source: Authors’ calculations 
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Table A.18: Country-specific unit root tests for variables log (house prices) and 
log (GDP per capita) 

Augmented Dickey-Fuller test for unit root    
Ho: Contains unit roots       Ha: Does not cointain unit root   
  log (house prices)  log (GDP per capita) 
  Statistic P-value  Statistic P-value 
New EU countries         
BGR -3.151 0.017  0.319 0.624 
CZE -0.660 0.262  -0.529 0.301 
EST -2.435 0.036  -1.994 0.033 
HRV -3.346 0.006  -2.046 0.030 
HUN -1.599 0.126  -0.443 0.332 
LTU -2.636 0.012  -1.516 0.076 
LVA 0.871 0.776  -1.939 0.037 
POL . .  -0.700 0.246 
ROU . .  0.296 0.615 
SVK -0.108 0.461  -0.888 0.194 
SVN -11.184 0.004  -1.032 0.160 
Other EU and EEA countries     
AUT 0.117 0.545  -2.666 0.006 
BEL -0.265 0.396  -1.959 0.029 
CYP -3.100 0.009  -2.445 0.010 
DEU -1.666 0.052  -2.956 0.003 
DNK -0.139 0.445  -2.099 0.021 
ESP -1.621 0.057  -1.326 0.096 
FIN -0.953 0.173  -1.440 0.079 
FRA -0.615 0.271  -2.717 0.005 
GBR -1.054 0.149  -1.863 0.035 
GRC -2.439 0.046  -1.447 0.078 
IRL -1.032 0.154  -0.053 0.479 
ISL -1.783 0.054  -1.841 0.043 
ITA -2.057 0.023  -3.023 0.002 
LUX 1.326 0.842  -1.914 0.032 
MLT -0.554 0.305  -1.416 0.083 
NLD -1.036 0.153  -1.146 0.130 
NOR -0.451 0.327  -2.731 0.005 
PRT -0.493 0.354  -2.693 0.005 
SWE 0.776 0.779  -0.392 0.349 
Other world economies         
AUS 0.243 0.595  -0.819 0.209 
CAN -0.948 0.175  -2.564 0.012 
CHE -0.948 0.175  -0.798 0.216 
JPN -1.401 0.085  -3.100 0.002 
KOR -1.684 0.051  -3.062 0.002 
NZL 1.130 0.867  -0.128 0.450 
USA -1.360 0.091   -2.083 0.022 

Note: Includes trend and four lags of endogenous variables in the test regression. UK 
still considered part of the EU for the purpose of this analysis. For some countries, the 
test could not be performed due to the short time series. 

Source: Authors’ calculations  
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Table A.19: Country-specific cointegration tests for variables log (house prices) 
and log (GDP per capita) 

Null hypothesis: No cointegration Asymptotic: n=1000 
  Value 10% signif. I(0) I(1) start of sample 
New EU countries         
BGR . . . . 2005 
CZE 20.209 10% 5.590 6.260 1999 
EST . . . . 2005 
HRV 7.206 10% 5.590 6.260 2002 
HUN . . . . 2007 
LTU 2.389 10% 5.590 6.260 1999 
LVA . . . . 2006 
POL . . . . 2010 
ROU . . . . 2009 
SVK . . . . 2006 
SVN . . . . 2007 
Other EU and EEA countries         
AUT 45.676 10% 5.590 6.260 2000 
BEL 1.661 10% 5.590 6.260 1971 
CYP 1.745 10% 5.590 6.260 2002 
DEU 3.718 10% 5.590 6.260 1971 
DNK 5.033 10% 5.590 6.260 1971 
ESP 6.682 10% 5.590 6.260 1971 
FIN 3.525 10% 5.590 6.260 1971 
FRA 2.333 10% 5.590 6.260 1971 
GBR 3.051 10% 5.590 6.260 1971 
GRC . . . . 2006 
IRL 0.891 10% 5.590 6.260 1971 
ISL 20.445 10% 5.590 6.260 2000 
ITA 8.549 10% 5.590 6.260 1971 
LUX . . . . 2007 
MLT . . . . 2005 
NLD 11.133 10% 5.590 6.260 1971 
NOR 1.883 10% 5.590 6.260 1971 
PRT . . . . 2008 
SWE 2.647 10% 5.590 6.260 1971 
Other world economies         
AUS 8.159 10% 5.590 6.260 1971 
CAN 1.761 10% 5.590 6.260 1971 
CHE 4.347 10% 5.590 6.260 1971 
JPN 3.647 10% 5.590 6.260 1971 
KOR 4.493 10% 5.590 6.260 1975 
NZL 6.104 10% 5.590 6.260 1971 
USA 8.479 10% 5.590 6.260 1971 

Note: Includes trend and number of lags based on AIC in the test regression. UK still 
considered part of the EU for the purpose of this analysis. For some countries, the test 
could not be performed due to short time series. 

Source: Authors’ calculations 

  



 

Appendix B (Chapter 3) 

B.I Variable Definitions 

Table B.1: Variable Definitions  

Variable  Definition 

Prime rent 

For the office market: 
For the industrial & logistics 
market: 

Represents the top open-market 
rent that could be expected for 
a notional office unit of the 
highest quality and 
specification in the best 
location in a market, as at the 
survey date (normally at the 
end of each quarter period). 
The rent quoted normally 
reflects prime units of over 500 
m² of lettable floorspace, 
which excludes rents that 
represent a premium level paid 
for a small quantity of space. 

Represents the top open market 
rent that could be expected for a 
notional distribution 
warehousing unit/notional light 
industrial unit of the highest 
quality and specification in the 
prime location within a market, 
as at the survey date (normally at 
the end of each quarter period). 

Note: 

1) Warehousing properties are 
defined as property assets 
dedicated to storage and 
distribution of goods with a 
minimum floor-space of 5,000 
m² gross internal, with ceiling 
heights over 8 metres. 
Warehouse types include storage 
warehouses, distribution 
warehouses (freight forwarding), 
cross-docking warehouses and 
cold storage warehouses. The 
office component of 
warehousing properties is 
usually between 5–10%. 

2) Light Industrial properties are 
comprised of property assets < 
5,000 m² dedicated to the 
assembly, disassembly, 
fabrication, finishing, 
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manufacturing, packaging, 
repairing or processing of 
materials. The office component 
of light industrial properties is 
usually less than 10%. 

The prime rent reflects an occupational lease that is standard for 
the local market. It is a face rent that does not reflect the financial 
impact of tenant incentives, and excludes service charges and local 
taxes. It represents JLL’s market view and is based on an 
analysis/review of actual transactions for prime office and 
industrial space, excluding any unrepresentative deals. Where an 
insufficient number of deals have been made for prime office or 
industrial space, an assessment of rental value is provided by 
reference to transactions generally in that market adjusted 
accordingly to equate to prime. 

Prime yield 

Represents the best (i.e. lowest) “rack-rented” yield estimated to be 
achievable for a notional office and industrial property of the 
highest quality and specification in the best location in a market, as 
at the survey date (normally at the end of each quarter period). The 
property should be let at the prevailing market rent to a first class 
tenant with an occupational lease that is standard for the local 
market. The prime initial net yield is quoted, i.e. the initial net 
income at the date of purchase, expressed as a percentage of the 
total purchase price, which includes acquisition costs and transfer 
taxes. 

The prime yield represents JLL’s “market view”, based on a 
combination of market evidence where available and a survey of 
expert opinion. 

Capital 
values 

Represents the top open-market capital value (per square metre) 
that could be expected for a notional office or industrial building 
of the highest quality and specification in the best location on the 
survey date (normally at the end of each quarter period). 

Prime capital values are derived from prime rents and prime net 
yields: 

Capital Value = (Prime Annual Rent/Prime Yield) * 100 
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This method will provide notional gross capital values, i.e. the 
purchase price including acquisition costs and transfer taxes. 

Take-up 

Represents floorspace acquired within a market for occupation 
during the survey period (normally three-monthly). A unit is 
registered as taken-up when a legally-binding agreement to acquire 
the unit has been completed. Take-up includes pre-lettings of 
floorspace in the course of development or prior to the start of 
construction. 

Note: 

1) Units that are under offer at the survey date are not included as 
take-up. Under Offer refers to space where terms have been agreed 
between parties and legal representatives, but legally binding 
contracts for letting have yet to be exchanged and/or completed. 

2) Net take-up includes new leases, pre-lets and expansions to the 
existing contracts but excludes renegotiations/reletting of the 
space. 

Vacancy rate 

Represents immediately vacant office or industrial floorspace, in 
all completed buildings within a market as at the survey date 
(normally at the end of each quarter period), expressed as a 
percentage of the total stock. 

Source: JLL 
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B.II Display of the Data 

Figure B.1: Prime Rent (in EUR/m2 per annum) 

 

Note: Data are displayed in the Figures as provided by JLL. For the purposes of the 
estimates in this chapter, the data might have been further transformed. 

Source: JLL 

Figure B.2: Prime Yield (in %) 

 

Note: Data are displayed in the Figures as provided by JLL. For the purposes of the 
estimates in this chapter, the data might have been further transformed.  

Source: JLL 
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Figure B.3: Take-up (in ths m2 per quarter) 

 

Note: Data are displayed in the Figures as provided by JLL. For the purposes of the 
estimates in this chapter, the data might have been further transformed. 

Source: JLL 

Figure B.4: Vacancy Rate (in %) 

 

Note: Data are displayed in the Figures as provided by JLL. For the purposes of the 
estimates in this chapter, the data might have been further transformed. 

Source: JLL 
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B.III Summary Statistics of the Data 

Table B.2: Summary Statistics of the Data  

Prime rent (in EUR/m2 per annum) 
 Office Industrial, logistics 
  Mean St. dev. Min. Max. Mean St. dev. Min. Max. 
CZ 256 25 228 337 58 7 48 75 
DE 441 52 383 614 71 2 67 74 
HU 244 24 215 300 58 12 46 78 
PL 323 76 240 561 59 24 40 125 
RO 272 76 216 454 73 28 48 125 
SK 195 13 180 228 50 4 44 59 
Prime yield (in %) 
 Office Industrial, logistics 
  Mean St. dev. Min. Max. Mean St. dev. Min. Max. 
CZ 6.9 1.6 4.3 9.5 8.6 2.6 5.5 16.0 
DE 4.6 0.7 2.9 5.5 6.6 1.2 3.8 8.5 
HU 7.6 1.3 5.3 10.0 9.6 2.3 6.3 14.0 
PL 7.5 2.5 4.3 12.0 8.9 2.5 6.0 15.0 
RO 10.1 3.8 5.8 20.0 12.1 4.9 7.0 25.0 
SK 7.0 1.1 5.3 11.0 8.0 0.6 6.0 8.8 
Take-up (in ths m2) 
 Office Industrial, logistics 
  Mean St. dev. Min. Max. Mean St. dev. Min. Max. 
CZ 55 31 11 160 45 36 0 187 
DE 126 42 55 284 55 40 0 152 
HU 61 37 8 202 29 28 0 154 
PL 95 50 0 338 54 39 1 232 
RO 58 28 13 180 54 48 2 199 
SK 33 22 8 119 28 20 0 70 
Vacancy rate (in %) 
 Office Industrial, logistics 
  Mean St. dev. Min. Max. Mean St. dev. Min. Max. 
CZ 11 3 3 17 10 7 1 39 
DE 10 4 2 18 6 2 5 10 
HU 14 5 4 22 11 7 2 24 
PL 11 4 2 18 13 7 5 32 
RO 8 6 1 19 8 4 4 14 
SK 10 3 5 15 5 2 2 10 

Note: Data are displayed in the table as provided by the JLL. For the purposes of the 
estimates in this chapter, the data might have been further transformed. 

Source: JLL 
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B.IV Estimation Details 

Table B.3: Results for Equation (1) Explaining Net Take-up 

  Panel of countries Panel of property types 
Explained variable: Office Industrial, logistics Czech Republic 
net_take_up Coef.   St. error Coef.   St. error Coef.   St. error 
unemployment -3.258 ** 1.311 -2.907 ** 1.307 -5.944  5.015 
dslog(consumption) 47.216  65.053 6.559  18.127 -22.927  18.112 
dslog(investment) 53.193 * 27.413 47.651 * 24.472 111.000  94.231 
dslog(exports_goods) -22.880 *** 8.495 -34.250 *** 12.236 -38.732  55.260 
dslog(exports_services) 1.524   17.251 7.929   21.743 14.747   17.194 
FE CZ          

FE DE 76.249 *** 1.462 8.032 *** 1.140    

FE HU 7.253 *** 1.449 -20.220 *** 1.124    

FE PL 61.640 *** 6.070 18.929 *** 6.744    

FE RO 15.152 *** 1.998 0.402  2.026    

FE SK 11.262   9.220 -10.858 * 6.422       
c 73.039 *** 8.982 69.777 *** 8.524 91.698 *** 29.979 
FE office          

FE industrial             -3.351 *** 0.000 

Note: “dslog” denotes seasonal logarithmic differences, “FE” means fixed effects. ***, ** and * denote significance at the 0.99, 0.95 and 0.9 level of confidence 

respectively. 

Source: Authors’ calculations 
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Table B.4: Results for Equation (2) Explaining Rents 

  Panel of countries Panel of property types 
Explained variable: Office Industrial, logistics Czech Republic 
log(rent) Coef.   St. error Coef.   St. error Coef.   St. error 
net_take_up_fitted_value -0.007 *** 0.001 -0.008 *** 0.003 -0.005 *** 0.001 
vacancy -0.022 *** 0.005 -0.001   0.010 0.003   0.008 
FE CZ  

 
  

 
  

 
 

FE DE 1.029 *** 0.092 0.285 *** 0.091  
 

 

FE HU 0.057 *** 0.021 -0.239 *** 0.079       
FE PL 0.412 *** 0.056 -0.101 *** 0.033       
FE RO -0.022 *** 0.007 -0.219 *** 0.021       
FE SK -0.380 *** 0.018 -0.427 *** 0.076       
c 6.226 *** 0.118 4.547 *** 0.165 5.873 *** 0.112 
FE office                   
FE industrial             -1.532 *** 0.010 

Note: “fitted value” denotes fitted values from the previous regressions, “dslog” denotes seasonal logarithmic differences, “FE” means 
fixed effects. ***, ** and * denote significance at the 0.99, 0.95 and 0.9 level of confidence respectively. 

Source: Authors’ calculations 

 



Appendix B (Chapter 3)  140 
 

Table B.5: Results for Equation (3) Explaining Capital Values 

  Panel of countries Panel of property types 
Explained variable: Office Industrial, logistics Czech Republic 
yield Coef.   St. error Coef.   St. error Coef.   St. error 
log(rent)_fitted_value 0.364  0.413 -0.419  0.508 12.331 *** 1.310 
dslog(gdp_EUR) 1.034 * 0.549 1.318 ** 0.635 19.032 *** 2.930 
bond_yields_EUR -0.024 * 0.014 0.047 * 0.025 0.296 *** 0.075 
VIX 0.003 *** 0.001 -0.001   0.003 0.071 *** 0.014 
FE CZ          

FE DE 0.730 *** 0.231 0.874 *** 0.108    

FE HU -0.129 *** 0.017 -0.158 *** 0.026    

FE PL 0.112 ** 0.055 -0.193 *** 0.071    

FE RO -0.304 *** 0.013 -0.397 *** 0.120    

FE SK -0.284 ** 0.118 -0.242 ** 0.112       
c 6.308 *** 2.295 8.201 *** 2.117 -65.338 *** 7.345 
FE office          

FE industrial             20.191 *** 2.031 

Note: “fitted value” denotes fitted values from the previous regressions, “dslog” denotes seasonal logarithmic differences, “FE” means 
fixed effects. ***, ** and * denote significance at the 0.99, 0.95 and 0.9 level of confidence respectively. 

Source: Authors’ calculations 
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