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Abstract

This thesis explores the relationship between interest rates, house prices and 
main macroeconomic variables. In particular, I examine how monetary policy 
affects house prices in the Czech Republic. The hypotheses assume that an 
increase in the interest rate that tends to decrease house prices also reduces 
output and inflation simultaneously. Therefore, the latter would imply that 
the monetary authority faces a trade-off between macroeconomic and financial 
stability. The empirical analysis is based on a vector autoregression model and 
the monetary policy shock is retrieved by the Cholesky decomposition. As for 
the results, the findings of the thesis conclude that there is a costly trade-off 
between macroeconomic and financial stability within the Czech economy.
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K eyw ords house prices, Cholesky decomposition, monetary

policy, VAR model
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Abstrakt

Tato práce se zabývá vztahem mezi úrokovou mírou, cenami nemovitostí a 
hlavními makroekonomickými ukazateli. Konkrétně zkoumám vliv monetární 
politiky na ceny nemovitostí v České republice. Hypotézy předpokládají, že 
zvýšení úrokové míry, které cílí na stabilizování cen nemovitostí, jde na úkor 
hospodářského výsledku. To by znamenalo, že centrální banka čelí kompromisu 
mezi makroekonomickou a finanční stabilitou. Ekonometrická část je založena 
na vektorovém autoregresním modelu a nezávislý šok měnové politiky je vy
generován na základě Choleskyho analýzy. Podle výsledků je možné usoudit, že 
se v české ekonomice vyskytuje nákladný kompromis mezi makroekonomickou 
a finanční stabilitou.
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Chapter 1

Introduction

Recently, there has been a significant interest among scholars concerning the 
effect of monetary policy on house prices. Indeed, the financial crisis in 2008 
put even more emphasis on this topic. In general, the vital question asked in 
this thesis is whether monetary policy enhancing financial stability through sta
bilizing house prices can also deteriorate performance of main macroeconomic 
variables in a way that is costly for the real economy. For the sake of simplicity, 
the latter question can imply a trade-off between macroeconomic and financial 
stability.

When it comes to the academic background exploring this topic, the study 
of Williams (2015) elaborates how an increase in interest rates affects economic 
performance and consumer prices. Specifically, the author estimates how out
put and inflation respond to the monetary policy shock under the assumption 
that a central bank aims at stabilizing surging house prices. What is more, 
he also compares the findings of several scholars exploring the same issue. As 
a result, his contribution concludes that there is a costly trade-off between 
macroeconomic and financial stability. In other words, monetary policy aim
ing at mitigating house price boom reduces GDP and inflation simultaneously. 
Also, the intended effect on house prices is small compared to the negative 
impact on the real economy.

In general, this thesis will endeavour to estimate the effect of the mone
tary policy shock on house prices and economic performance within the Czech 
economy. The estimation procedure will be based on a VAR model and the 
interest rate shock will be orthogonalized by the Cholesky decomposition. The 
central issue addressed is to explore whether the domestic monetary author
ity, while determining the interest rate, could face a costly trade-off between
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macroeconomic and financial stability.
Overall, the thesis is structured as follows. Chapter 2 will provide with 

literature review regarding the researchers exploring the topic of house prices 
and monetary policy. In particular, the emphasis will be put on the scholars 
who investigated the monetary policy shock with the aid of a VAR model. 
Afterwards, a brief view over the utilised methods will be presented.

Next, Chapter 3 will in detail describe developments in house prices and 
interest rates in the Czech Republic. Moreover, domestic output and inflation 
will be depicted, too. The last part of the chapter will provide with the variables 
that are used in the econometrics analysis. Summary statistics will be also 
included.

Methodological background will be further described in Chapter 4. Over
all, the empirical analysis of the thesis will be based on a VAR model. When 
it comes to the specific estimation procedure, Cholesky decomposition is pre
sented, since it allows for retrieving the independent shock from the system.

In Chapter 5 the variables from Chapter 3 will be inserted into a VAR model. 
Next, eight models with variables representing prices of apartments, family 
houses or grounds will be estimated. What is more, responses of the target 
variables to the monetary policy shock will be depicted. In particular, the shock 
will be orthogonalized by the Cholesky decomposition. Also, the additional 
analyses with the interest rate represented by the yield on government bonds 
and the repo rate will be executed in Chapter 6.

Finally, Chapter 7 will provide with discussion of the results. Furthermore, 
the conclusions will be put in respect of the findings of Williams (2015). Hence, 
the last part of the thesis will conclude on the relationship between macroeco
nomic and financial stability within the Czech economy.



Chapter 2

Literature review

2.1 Macroeconomic versus financial stability

When it comes to the academic held, a lot of scholars investigated the impact of 
monetary policy on house prices and macroeconomic performance. Generally, 
researchers broadly explored this topic as a reflection to the subprime mortgage 
crisis and thereafter the period of prolonged environment of low interest rates. 
Nevertheless, some authors devoted to the issue even earlier. For instance, 
Otrok & Terrones (2005) demonstrated that monetary policy shock significantly 
affects house prices. What is more, the shock also caused a strong response of 
economic output. Hence, the authors found some evidence for aforementioned 
trade-off.

Overall, the importance of this topic substantially increased during and after 
the occurrence of the depression caused by subprime mortgages. Assenmacher 
& Gerlach (2008) investigated the response of several macroeconomic variables 
to monetary policy shocks in 17 countries. As a result, they claim that the 
monetary policy which tends to intensify financial stability noticeably influences 
economic performance.

To move on, since the beginning of the second decade of the century the 
financial world has been experiencing periods with the historically lowest in
terest rates and loose monetary policies of central banks. In this context, it is 
worthwhile to consider the potential effect of this environment on asset price 
fluctuations, which could result in instable bubbles and hence negatively af
fect financial stability. Jordá et al. (2015a) and Ungerer (2012) assert that 
loose monetary policy pushes house prices, which in turn negatively influences 
macroeconomic conditions. Generally, credit extension via mortgages increases
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probability of financial downturn.
However, attention needs to be also devoted to the impact of a tight mon

etary policy. In order to stabilize price booms central banks tend to increase 
interest rates and therefore ensure price stability. Nevertheless, the intention 
of lower house prices could come at substantial expense of reduced inflation, in
come and employment. Therefore, some academic contributors view the benefit 
of higher price stability to be significantly exceeded by the cost of macroeco
nomic instability (Williams 2015; Jordá et al. 2015b) . In addition, Svensson 
(2014) claim that tightening monetary conditions increases households’ indebt
edness.

To put it in another way, it is vital to further explore causal relations 
among target variables. For instance, Goodhart & Hofmann (2008) agree with 
the opinion that the interest rate shock has significant effect on house prices 
and credit. Nevertheless, the authors found the link between house prices, 
monetary and macroeconomic variables to be multidirectional. In other words, 
there is an evidence for multidirectional causality. Hence, the findings impose 
different perception of central banks’ responses to financial imbalances.

Moreover, a monetary policy influence can differ across institutional con
structions. For example, Goodhart & Hofmann (2008) and Iacoviello & Minetti 
(2008) assert that monetary policy transmission mechanism differs among Eu
ropean states, which is due to heterogeneity across the EU members. As a 
result, credit growth dynamics and lending channels are found to have diverse 
impacts on economic conditions. Notwithstanding, despite the structural dif
ferences, house prices play a relevant role in the economy (Iacoviello & Minetti 
2008).

Besides, some academic contributions explain the differences in monetary 
transmission mechanism by the level of a financial system. The study by Sá 
et al. (2011) indicates that housing boom is related to the degree of develop
ment of a mortgage market. In particular, markets with higher level of inno
vations and more elaborate mortgage channel are more vulnerable to housing 
imbalances. In contrast, price fluctuations can be improved by better financial 
regulation. By the same token, Kuttner (2014) claims that credit boom is con
sequence of innovations in market-oriented financial systems. At the same time, 
loose monetary policy in emerging economies is linked to growth of quantitative 
variables like the monetary base.

Nevertheless, there is some evidence focusing on the issue of financial and 
macroeconomic stability suggesting that asset price fluctuations do not neces-
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sarily have to be connected with reduced economic performance. For instance, 
Jarocinski & Smets (2008) concluded that expansionary monetary policy in the 
USA contributed to rapid increase in house prices. Nonetheless, the boom had 
limited effect on macroeconomic stability. On the contrary, Kuttner (2014) ex
plored relation between interest rates and house prices and demonstrated that 
the effect is moderate. Hence, according to the paper, loose monetary policy 
does not stand behind housing boom.

While seemingly simple, the perception of the problematics of house prices 
could be also taken from the other perspective. As examined by Sá et al. (2011), 
residential investment and house prices are strongly influenced not only by mon
etary policy but also by capital inflows. Furthermore, the authors argue that 
residential asset price fluctuations are linked to house indebtedness. Generally, 
households in economies with developed mortgage markets can create higher 
leverage, thus become more sensitive to price fluctuations of the collateral.

In contrast with the above findings, there is an evidence for loose mone
tary policy having negligible effect on house price fluctuations. Particularly, 
Del Negro & Otrok (2007) detected that in historical perspective (till the year 
2001) the main factors, which drive house prices up, are hidden in a local 
factor. In other words, house bubbles were caused by a component which is 
individual for each region (e.g. city). When it comes to the recent period, the 
authors concede that house prices in the US have increased in the aggregate 
level. Nevertheless, the national phenomenon is found not to be caused by the 
expansionary monetary policy of the FED.

The same logic underlies the academic contribution published by Dokko 
et al. (2009). They glanced at several countries with interest rates below policy 
rules. As a result, the growth of house prices is mixed among the observed 
states. For instance, Spain and the United Kingdom experienced significant 
increase in property prices. In contrast, house prices in Germany, Switzerland 
and Japan were stable or even decreasing during the continuance of the low 
interest rate environment. As for the empirical evidence, the authors claim 
that the effect of monetary policy on real estate prices is not robust enough to 
cause asset bubbles.

Dokko et al. (2009) therefore attempt to propose several potential explana
tions of developments in the residential market. They debate that developments 
of financial sector and mortgage market might have influenced occurrence of 
the housing bubbles, which is in line with the analysis introduced by Sá et al. 
(2011). In particular, more elaborate financial instruments resulted in higher
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demand for mortgage backed securities. Next, another reason for such devel
opment in the US residential investment could be generation of vast current 
account surpluses in foreign countries. Hence, the house prices fluctuations 
would be highly sensitive to external imbalances.

However, Dokko et al. (2009) also ask whether monetary policy could some
how react to the financial instability. They admit that the proper reaction could 
be very demanding, since they assume some negative effect on macroeconomic 
variables such as inflation or unemployment. Hence, the authors presume a 
trade-off between financial and macroeconomic stability.

Some attention has been devoted to the impact of prudential regulation 
on financial stability. This issue is further elaborated in Dokko et al. (2009) 
and Williams et al. (2015). As mentioned before, the problematics of bursting 
bubbles can be attributed to developments in the financial sector leading to 
creation of excessive leverage. In this context, it is worthwhile to consider 
potential benefits of prudential regulation. For instance, countercyclical capital 
requirements could better address stability goals by generating larger liquidity 
cushion. And even if the regulation was not able to prevent from creation of 
price bubbles, it could reduce systemic risk by simply having more capital to 
deal with provided a crisis already began (Dokko et al. 2009).

2.2 Methods used

The existing literature provides with ample source of estimation methods an
swering the question of the effect of monetary policy on house prices. Williams 
(2015) divides the approaches into two main categories. As for the hrst one, 
the method is based on related economic theory, which serves as a background 
for explaining relation between target variables (in this case house prices and 
the interest rate). This approach relies on existing models and hence provides 
with information, which is strongly dependent on the ground theory.

According to the second approach of Williams (2015), the impact of mone
tary policy shock on house prices is measured with aid of empirical evidence. In 
general, this method possesses valuable advantage due to reduced importance 
of the theoretical ground.
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2.2.1 Vector autoregression

A comprehensive view of the issue of house prices cannot be formed without 
proper statistical approach. Implications of the monetary policy shock need to 
be based on some background model. For that purpose, a vector autoregression 
(VAR) model gained substantial popularity among researchers who investigated 
impact of monetary stance on house prices.

The simple logic of the model construction is on the basis of the idea that 
past information (independent variable) possesses predictive power on the de
pendent variable. The simplest VAR(n) model is defined as follows:

U t —  a  +  + A2?/i_2 + ... + Anyt_n + ut,

where ut it the error term, a is the constant and An for n 6 N  are coefficients. 
The past information is incorporated in n lags of the variable yt. For the sake 
of proper statistical inference, scholars widely use more elaborate VAR models 
with more regressors helping to explain the dependent variable.

When it comes to the topic of this thesis, vector autoregressive modelling 
was greatly used by academic writers. For instance, Assenmacher & Gerlach 
(2008), Goodhart & Hofmann (2008) and Sá et al. (2011) identify effect of 
monetary policy shock on house prices with aid of panel data. Generally, 
panel VAR modelling combines country-specific information. As a result, the 
statistical inference is more powerful compared to the estimation at individual 
level.

As for the evidence from the Czech Republic, the estimation method will be 
based on a single dataset rather than panel. The country-specific VAR analysis 
was also performed by Iacoviello & Minetti (2008). The authors explored mon
etary transmission mechanism in four European countries. They estimated four 
different VAR models on each country in order to robustly assess results. They 
also assert that panel analysis would not be the proper choice due to different 
structural characteristic and monetary regimes among examined countries.

Some studies attempt to crystallize the effect of monetary policy on house 
prices by using the Bayesian VAR. In simple words, the Bayesian method in 
opposite to the frequentist approach relies on some prior information. In par
ticular, data evidence and prior knowledge are combined so that they together 
form posterior distribution of parameters. In simple words, the Bayesian anal
ysis provides with probability that the target parameter lies within the prede
termined interval.
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The concept of the Bayesian approach related to the topic of the thesis 
was elaborated by Jarocinski & Smets (2008). The authors estimated Bayesian 
VAR on the US data. As for the statistical approach, they run two VARs. 
First was with variables in levels and second with variables in differences. The 
writers also incorporated two different priors: Minnesota prior and prior of the 
steady states of the variables included. Despite of some differences between the 
models, the estimated impulse response analysis produces similar results.

By all means, the common element of the above mentioned contributions 
using VAR models is impulse response analysis. Within the academic field, 
impulse response analysis serves as an indicator of the effect of monetary policy 
or housing demand shock on main monetary and macroeconomic variables. For 
instance, the researchers usually estimate how much a sudden increase in the 
interest rate affects house prices and economic output.

2.2.2 Cholesky decomposition

The studies attempting to crystallize the effect of a monetary policy shock 
often mention the Cholesky decomposition. For instance, Assenmacher & Ger
lach (2008) claim that incorporating the Cholesky decomposition is usual tool 
while elaborating the monetary transmission mechanism. Overall, this method 
was utilised by lots of other scholars mentioned in Chapter 2.1, for instance 
Goodhart & Hofmann (2008), Iacoviello & Minetti (2008) or Sá et al. (2011) .

To put it more specifically, the Cholesky decomposition is executed on the 
matrix of the residuals from a vector autoregressive model. As a result, the 
residuals become independent shocks, also called innovations. The latter is also 
called orthogonalization. Generally, if the residuals are not independent, then 
impulse response analysis can generate misleading results. What si more, the 
ordering of the variables in a VAR system is essential.

The reason behind incorporating orthogonal shocks in examining the impact 
of monetary policy is that the Cholesky decomposition separates a monetary 
policy shock. For the sake of clarity, a monetary policy shock is determined to 
be an unexpected increase in the interest rate, which is usually one standard 
deviation of the residuals from a VAR model. As a result of the orthogonaliza
tion, impact of the restrictive monetary policy on economy can be explored.
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2.2.3 Shadow rates

The topic of monetary policy warrants attention to nominal interest rates near 
or at the zero bound. Due to the fact that people can hold currency, nominal 
interest rates cannot reach negative values. Hence, the information contained 
in the interest rate policy of central banks does not reflect real investment 
attitude.

Black (1995) explains the reason for nonnegative nominal interest rates. He 
claims that possibility of holding physical currency creates an option in short 
run. Thus, the short rate can be also viewed as option. As for the proper 
definition, the author defines the nominal short rate as a sum of inflation and 
the so-called shadow short rates (SSR). In essence, the SSR indicates the rate 
which would occur in the world without currency and hence can inherently 
shape into negative values. Generally, the shadow yield volatility is larger with 
yields potentially achieving negative values, when the nominal short rate is 
near zero.

In the background of the events within the financial world during the last 
decade, the question of shadow rates gained on importance. Authors Krippner 
et al. (2012), Krippner (2015) and Wu & Xia (2016) further elaborated the 
contribution of Black (1995) and developed a framework for estimating the 
shadow rates. They assert that modeling the SSR in an economy operating 
at technical zero could be a valuable approach to determine the real stance of 
monetary policy.

The simple logic behind the Krippner’s approach is based on bond option 
pricing techniques. In general, the approach generates the option of holding 
physical currency, which is then removed from the yield curve. As a result, the 
shadow yield curve is left. Next, the SSR is the rate with the shortest maturity 
contained in the estimated curve. (Krippner 2016)

Given the fact that the SSR is estimated from the yield curve, it mirrors 
the effect of monetary policy on interest rate securities with long maturity. 
Generally, it reflects stance of both unconventional and conventional monetary 
policy. Nevertheless, during unconventional environment the rate is able to 
form into negative numbers. (Krippner 2016)

In this thesis, the SSR for the eurozone will be included into the econometric 
analysis. As for the clarification, while examining the relationship between the 
Czech variables it is vital to capture also developments in the Eurozone. In 
particular, the series will be influencing the system exogenously.



Chapter 3

Data description

3.1 Interest rates

The main purpose of this thesis is to elaborate effects of monetary policy on 
house prices within the Czech economy. In general, the interest rate environ
ment has faced dramatic changes during the last two decades. The primary 
institution balancing instabilities is the Czech National Bank (CNB).

To start with, currently the main purpose of the CNB is to retain price 
stability with aim at overall economic performance. In praxis, the primary 
objective is to pursue stable inflation determined by consumer prices. What is 
more, the interest rate is the main instrument to react to occurring imbalances 
within the domestic economy. For instance, the monetary authority tends to 
decrease interest rates during the period of economic downturn. The reason
ing behind this action is that the environment of low interest rates promotes 
economic growth by generating cheaper credits. In contrast, during the pe
riod of expanding economy the action of the Czech National bank is opposite, 
therefore interest rates tend to increase.

The major policy rate used by the CNB is the two-week repo rate, which 
is used in repo tenders. Generally, the national bank takes excess liquidity 
from commercial banks by selling them tradable financial assets, which serve 
as collateral. Based on this agreement the collateral is transferred back to the 
CNB after the period of two weeks. In addition, commercial banks receive 
back their principal amount increased by the agreed interest. On the contrary, 
reverse repo tenders serve as the instrument of pumping liquidity into the 
system.

Apart from the repo rate, another key interest rate in the Czech money
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market is PRIBOR (Prague InterBank Offered Rate), which is the rate at 
which a bank is willing to lend some other bank at the Czech interbank market. 
Furthermore, it often serves as a reference rate in floating rates.

In Figure 3.1 there are depicted the repo rate and the three month PRIBOR. 
By all means, these two series move in the same direction and have almost 
identical shape. Nevertheless, there are some differences. Compared to the repo 
rate, PRIBOR possesses more variability and does not reach “technical zero” . 
For this reasons, PRIBOR is more convenient for the modelling approaches, 
which are presented later in this thesis.

Figure 3.1: Interest rates in the Czech Republic

Source: Czech National Bank (ARAD).

As depicted in Figure 3.1, the interest rates in the Czech Republic have the 
decreasing trend. Generally, range of the series from 1999 to 2017 is between 
7.58% and 0.28% in case of PRIBOR and between 7.5% and 0.05% in case 
of the repo rate. As noted in the previous paragraph, the repo rate attained 
the so-called “technical zero” , which is the latter number 0.05%. The low 
interest rate environment took approximately two years and was abandoned in 
the third quarter 2017, when the monetary authority increased the repo rate 
by 0.2 percentage point to the value 0.25%. Accordingly, PRIBOR responded 
by an increase of 0.16 percentage point from 0.3% to 0.46%. Similarly, interest 
rates continued to grow also in the last quarter 2017, when the repo rate reached 
0.5% and PRIBOR 0.75%.

When it comes to historical developments of the interest rates, there are 
three main threshold years after which the direction of the series changed,
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namely 2001, 2008 and 2012. Clearly, Figure 3.1 shows a sharp decline in 
the interest rates after the particular years. In general, the monetary authority 
presumably reacted to the slowing economy by rapidly decreasing interest rates. 
Nonetheless, there are major differences in magnitudes in which the interest 
rates were adjusted. Particularly, between 2001 and 2004 the repo rate and 
PRIBOR were constantly falling. In concrete, the repo rate declined by 3.25 
percentage points from 5.25% to 2% and PRIBOR by 3.36 percentage points 
from 5.41% to 2.05%. This period was followed by a short fluctuation in 2005 
and then by a sharp increase starting in the second quarter of 2006. Until the 
year 2008 the repo rate increased from 2% to 3.75% and PRIBOR from 2.16% 
to 4.21%.

Notably, the most long-lasting decline in the interest rates in the Czech 
Republic surfaced after 2008. In fact, the decreasing trend took approximately 
nine years till 2017. As demonstrated in Figure 3.1, there was a sharp decrease 
in the series between the second quarter 2008 and the second quarter 2010. 
In concrete numbers, in that period the repo rate dropped by 2.75 percentage 
points from the value 3.5% to 0.75%. In comparison, PRIBOR in this stage 
fall more dramatically, exactly by almost 3 percentage points from 4.21% to 
1.24%. The latter steep decline of the interest rates was possibly the result of 
the monetary policy adjustment that reacted to the occurring recession (further 
described in Section 3.3).

Nevertheless, after 2010 the CNB mitigated the policy of rapid reduction of 
the interest rates and between the third quarter 2010 and the hrst quarter 2012 
both the repo rate and PRIBOR reached plateau of 0.75% and 1.2%. However, 
in 2012 the European debt crisis escalated and the monetary authority needed 
to correct the interest rate environment again. As a consequence, the repo rate 
attained in the last quarter 2012 its historical minimum value of 0.05%.

As the interest rate touched its “technical zero” , the CNB lost sufficient 
force to further influence market imbalances. Thus, in perception of risk of 
deflation and liquidity shortage the CNB intervened in 2013 in the foreign 
exchange market. As a result, the central bank started to purchase foreign cur
rency in exchange for the Czech koruna. Consequently, the domestic currency 
devaluated. Finally, expansionary monetary policy was abandoned in 2017 and 
the interest rates started to steadily grow accordingly for the hrst time after 
approximately nine years.
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3.2 Inflation

Regarding the objective of the monetary authority, one the most essential vari
able is inflation. In fact, the CNB has been in the inflation targeting regime 
since the year 1998 and the aim has been to maintain price stability. For the 
sake of accuracy, by inflation is meant the annual difference in the Consumer 
Price Index (CPI). The inflation rate in the Czech Republic from 1999 to 2017 
is depicted in Figure 3.2. Furthermore, the figure also illustrates the band of 
the inflation target set by the CNB. 1

Figure 3.2: Inflation and the target bands in the Czech Republic

Source: Czech National Bank and Eurostat.

When it comes to the inflation target band, it was altered throughout the 
years. At the beginning of the 21st century the lower bound was 3% and the 
upper bound 5%. Between 2002 and 2005 the band decreased to the values 2% 
and 4%. From 2006 till the end of 2009 the lower bound was 2% and the upper 
bound 4% with the point inflation target of 3% (CNB 2004). Since 2010 the 
inflation target was altered to 2% with the range of tolerance from 1% to 3% 
(CNB 2007).

As demonstrated by Figure 3.2, the actual inflation rate deviated from the 
target band several times. One of the potential causes of such divergence might 
have been occurrence of exogenous shocks to the Czech economy, for example

’To be more precise, the methodology for the inflation target band was modified at the 
beginning of the 21st century. In concrete, till 2002 the upper and lower target bounds were 
derived from the net inflation. The band has been determined by the total CPI inflation 
since 2002. (Coats 2000) and (CNB 2000)
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recessions after 2008. In particular numbers, the greatest negative deviation 
occurred at the beginning of 2003, when the actual rate of inflation was —0.6% 
and the lower bound was set to be between 3% and 2%. In contrast, the most 
significant positive divergence from the target surfaced in 2008. Concretely, 
the annual growth in CPI was 7.1% and the respective upper bound 4%.

Generally, inflation was between 1999 and 2017 oscillating around its mean 
value 2.09%. The sharpest drop occurred after the economic downturn in 2008. 
To be more specific, between the years 2001 and 2003 the annual growth in CPI 
had fallen by 5.9 percentage points from 5.3% to —0.6%. When it comes to 
the developments of the series after the second recession, the inflation rate had 
declined from 7.1% in the hrst quarter 2008 to —0.3% in the third quarter 2009. 
Hence, the overall decrease was 7.4 percentage points. Since the year 2010, the 
series deviated from the target band less extensively than in the hrst decade of 
the century. In particular, the most significant divergences were approximately 
1 percentage point from the respective boundary. What is more, the inflation 
rate converged to the target value of 2% in 2017.

3.3 Output

Proper inference about the Czech macroeconomic environment cannot be formed 
without exploring domestic output. After price stability, the major focus of the 
CNB is to promote sustainable GDP growth. Altogether, attaining steady in
flation and constant income growth are viewed as the vital monetary policy 
objectives for maintaining stable economic development.

In concrete numbers, Figure 3.3 depicts the annual percentage change in the 
Czech GDP since 2000.2 Overall, the series is mostly in positive values except 
for five quarters after the crisis in 2008 and six quarters after 2012. To put it 
more specifically, in the 21st century the maximum annual income growth was 
7.02% in 2006 and minimum —5.78% in 2009. In average, the mean value is 
2.82%.

When it comes to the specific historical developments of the series depicted 
in Figure 3.3, it was declining at the beginning of the century. Nevertheless, 
the annual income growth did not drop under zero even in the period of the 
slowdown after 2001. Particularly, between 2001 and 2003 the minimum value 
of that period was 1.19% and was attained in the second quarter 2002. In the

2 To be more precise, it is approximation made by logarithmic differencing.



3. Data description 15

Figure 3.3: Annual GDP growth in the Czech Republic

Source: Czech National Bank (ARAD).

years from 2002 to 2006 the Czech economy was booming. Within four years, 
the annual growth of output rose by 5.83 percentage points to the value 7.02%, 
which is the historical maximum of the series. After the second quarter 2006 
the flourishing development alleviated and till the hrst quarter 2008 the annual 
change in GDP was captured between 7% and 5%.

However, the significant breach in developments of the series surfaced in 
2008. In fact, it was a period of the outbreak of the financial crisis. As a 
result, the annual growth of the Czech GDP experienced the sharpest decline 
in the recent history, concretely from 5.22% in the end of 2007 to —5.78% in the 
second quarter 2009. As for emphasizing, the drop was 11 percentage points in 
less than two years. The Czech economy bounced back from the deep recession 
in 2009 and output growth reached positive values again in the hrst quarter 
2010.

Nonetheless, in 2011 there was again an upset within the domestic economy 
and the annual growth of income started to decline. Furthermore, the series 
entered negative values in the second quarter 2012 and it took six periods to 
recover from the depression. However, in the last quarter 2013 the output 
growth became positive and it was surging until the local maximum 5.69% 
in the second quarter 2015. Afterwards, developments of the Czech economy 
decelerated, though the annual output growth was mostly above 2%.
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3.4 House prices

In essence, the aim of this thesis is to evaluate a trade-off between macroe
conomic and financial stability. To put it more concretely, this contribution 
will explore, whether the policy action of the monetary authority that intends 
to fight boom in house prices comes at the cost of reduced economic activ
ity. For that reason, it is essential to present series, which describe historical 
developments within the Czech housing market.

Figure 3.4 shows four time series describing the annual growth in prices of 
apartments, family houses and grounds in the Czech Republic.3 Furthermore, 
there is the fourth series capturing the total developments in the housing mar
ket. Generally, the highest volatility is in apartments. In particular, the series 
oscillates around mean value 6.67% with standard deviation over 10%. With 
respect to the extreme values, the annual change in prices of apartments at
tained its maximum 30.31% in the third quarter 2007 and minimum —18.75% 
after two years in the third quarter 2009. In contrast to apartments, the least 
volatile are prices of grounds with mean value approximately 5% and standard 
deviation 3.87%.

Figure 3.4: Annual growth in house prices in the Czech Republic

Source: Czech National Bank (Financial Stability Reports (CNB 2011) and (CNB 2018)).

Overall, these four time series historically move in the similar direction. Till 
the year 2002 annual growth in house prices was positive and mostly exhibit 
the increasing trend. Nevertheless, the lines attained local maximum in the

3To be more precise, it is approximation made by logarithmic differencing.
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first quarter 2002 reaching the value 22.35% in case of apartments and 10.31% 
or 13.10% with regard to family houses or grounds respectively. However, 
after 2002 the direction changed and the lines started to show the decreasing 
trend. Furthermore, there was a sharp decline in apartments between the third 
quarters of 2003 and 2004. In particular, within one year the series dropped 
by almost 25 percentage points from 20.34% to —4.52%. What is more, family 
houses attained negative values in 2004, too. On the contrary, the annual 
growth in grounds was during that year stable around 5.5%.

When it comes to developments after 2004, which is the year the Czech 
Republic entered the EU, the house prices started to surge. In concrete num
bers, apartments rose by almost 37 percentage points within three years from 
2004 to 2007. As for the other series, family houses moved by 13.17 percentage 
points from the negative value 0.86% to the global maximum 12.31%. What 
is more, there was an increase of 6.27 percentage points in the annual growth 
of grounds. As for the whole, from the third quarter 2004 to the third quarter 
2007 the annual change in the total index of house prices in the Czech Republic 
grew by 18.15 percentage points from 0.09% to 18.23%. In fact, in the second 
half of 2007 all of the series attained their global maximums.

Nonetheless, the outbreak of the crisis in 2008 is connected to rapid change 
in developments in the Czech housing market. In general, the series started to 
decrease after the third quarter 2007, however the drop become much faster in 
2008. Particularly, between the first quarter 2008 and the third quarter 2009 
the line determining total house prices declined by 22.23 percentage points 
from 13.89% to —8.34%. As for the particular series, the fall in apartments 
was the most significant, concretely almost 40 percentage points from 20.62% 
to —18.75%. Family houses also decreased under zero, specifically to the value 
—3.67%. Nevertheless, the line denoting grounds remained in positive values 
and during that period dropped only by 8.88 percentage points from 9.08% to 
0.20%.

Regarding the developments after 2010, the prices in the Czech housing 
market exhibit the increasing trend. To be more specific, at the beginning of 
2011 apartments and family houses recovered from the negative growth and till 
the year 2015 were steadily growing approximately within the range from —1% 
to 2%. In the second quarter 2015 house prices started to grow faster and till 
the end of 2017 apartments rose by 9.60 percentage points and family houses 
by 5.73 percentage points.
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3.5 Prague versus the rest of the Czech Republic

Another series obtained from the Financial Stability Reports (CNB 2011) and 
(CNB 2018) of the Czech National Bank illustrate transaction prices comparing 
the annual changes in indices in apartments in Prague and the rest of the 
republic. It is vital to mention that the data are quite different from the series 
from Section 3.4. Particularly, the data has less observations, concretely sixteen 
when it comes to the Prague transferring prices and twenty-four in case of the 
data for the rest of the Czech Republic.

Figure 3.5: Annual growth in house prices in Prague and the rest of 
the CR

Source: Czech National Bank (Financial Stability Reports (CNB 2011) and (CNB 2018)).

As depicted in Figure 3.5, the annual growth in transaction prices is similar 
with respect to the developments of apartments in Prague and the rest of the 
CR. As in the series from Section 3.4, the most rapid growth occurred before 
2008. In particular, apartments prices in the Czech Republic excluding Prague 
surged between the hrst quarter 2005 (beginning of the series) and the third 
quarter 2007 by more the 41 percentage points from —3.90% to 37%. As for 
the series of apartments in the capital, it increased sharply by more than 30 
percentage points from the value 1.11% to 32.02%. In general, both series 
attained their global maximums in the third quarter 2007.

However, after the occurrence of the crisis in 2008 there was a significant 
drop in the annual growth of apartments indices. In particular numbers, be
tween the hrst quarter 2008 and the third quarter 2009 the series declined by 
approximately 42 percentage points reaching their global minimums —14.90%
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in case of Prague and —17.91% in case of the rest of the CR. What is more, 
the data of apartments in the Czech Republic remained below zero until the 
year 2014. In comparison, the index determining apartments prices in the cap
ital recovered faster, concretely in 2011 the annual growth was positive again. 
Nevertheless, in the third quarter the series reached negative values where con
tained till the third quarter 2012.

Generally, since 2014 prices of apartments both in Prague and rest of the 
country have been increasing. Till the second quarter 2017 the series rose 
approximately about 17 percentage points reaching the local maximum about 
18%.

3.6 Asking prices

Comparing with transaction prices, asking prices of apartments in Prague and 
the rest of the republic do not exhibit similar movements as in the series from 
Section 3.5. As depicted in Figure 3.6, the spread between asking prices in 
Prague and the rest of the Czech Republic is higher than in the case with 
the aforementioned transaction prices. In particular, the spread of transaction 
prices between Prague and the rest of the CR has mean value of 0.25%. There
fore, the annual growth in realized prices of apartments in the capital has been 
in average 0.25% higher compared to the rest of the country (since 2005).

Figure 3.6: Annual growth in asking house prices in Prague and the 
rest of the CR

Source: Czech National Bank (Financial Stability Reports (CNB 2011) and (CNB 2018)).
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In comparison to the spread of transaction prices, the difference between 
the annual growth of asking prices of apartments in Prague and the rest of the 
country is larger. In concrete, the mean value of the spread is 0.55%. Hence, 
the annual growth in prices of apartments in the capital has been in average 
0.55% higher compared to the other parts of the Czech Republic. As can 
be concluded from Figure 6, the spread was mainly negative before 2012 and 
positive afterwards. Hence, since 2012 the annual growth in asking prices of 
apartments Prague has been higher compared to the other parts of the country. 
In particular, the maximum difference between the series was over 14% in the 
last quarter 2017.

3.7 Variables used in the econometric analysis

This chapter will describe data that are used in the econometric analysis later 
in the thesis. Prior to logarithmic adjustments or differencing, the data were 
re-indexed to the same base year, therefore the base year of the series is 2015 
and it is equal to 100 (except for the interest rates and the exchange rate, which 
are kept in levels). The series are quarterly, starting in the hrst quarter 1999 
and ending in the last quarter 2017, except for the data describing the annual 
changes in transaction and asking prices in Prague and the rest of the republic.

Generally, Table 3.1 summarizes the variables that are included in the 
econometric analysis in Chapter 5. The particular period of original data, 
source and manipulation with the series are described in Table A.l in Appendix. 
Overall, the percentage changes are approximated by logarithmic differencing.

Table 3.1: Variables used in the econometric analysis

Variable Series

TTt
2/t
A“

h?
ha^
har
it
f x t
ssrt

Annual inflation 
Annual growth of real output 

Annual growth of transaction prices of apartments 
Annual growth of transaction prices of family houses 

Annual growth of transaction prices of grounds 
Annual growth of transaction prices of the total house prices 

Annual growth of transaction apartments prices in Prague 
Annual growth of transaction apartments prices the CR excluding Prague 

Annual growth of asking apartments prices in Prague 
Annual growth of asking apartments prices the CR excluding Prague 

Three month PRIBOR 
Exchange rate CZK/EUR 

Krippner’s shadow short rate for the eurozone

Furthermore, the logarithmic differencing is executed in order to achieve
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stationarity of the series. Regarding the interest rates, they are assumed to be 
trend stationary based on the evidence of Wu & Zhang (1997), who claim that 
interest rates do not follow a unit root process. Nevertheless, stationarity of 
individual variables is not so relevant, since the later econometric analysis will 
focus on the stability of a vector autoregressive system as a whole. In concrete, 
if the system is stable, then it is also stationary (Liitkepohl 2005).

When it comes to further description of the series, Table 3.2 provides with 
the summary statistics of the variables from Table 3.1. As a result of the data 
manipulation, all of the values are in percentages except for the exchange rate.

Table 3.2: Summary statistics

Variable Mean Median S.D. Min Max

TTi 2.09 2.00 1.68 -0.600 7.10
yt 2.82 3.24 2.87 -5 .7 8 7.02
hat 6.67 4.22 10.5 -1 8 .8 30.3
hi 4.21 2.52 4.97 -4 .71 21.8
hi 4.99 4.28 3.87 -0.803 13.1
hlt 5.60 4.12 6.15 -8 .3 4 18.2
h i 5.61 2.63 10.5 -1 4 .9 32.0
hV 4.92 4.12 12.6 -1 7 .9 37.0
hapt 5.83 6.33 8.59 -8 .3 2 21.2
ha? 5.28 2.30 10.5 -9 .4 2 31.2
it 2.31 2.07 1.87 0.280 7.58
f%t 28.8 27.5 3.65 24.3 38.0
ssrt 0.628 1.69 3.15 -7 .3 8 4.92

To summarize the main statistics of house prices in the Czech Republic, the 
mean value varies between 4.21% and 6.67%. As for the extremes, the highest 
annual changes are in the variables depicting apartments (/&“ , hf, ĥ r and ha^r). 
Concretely, the maximum values are above 30% and minimum below —14%. 
It is vital to remind that percentage change in apartments was approximated 
by logarithmic differencing, whereas the variables hf, h,?, ha'! and were 
already obtained in the annual changes. Moreover, the latter series have less 
number of observations.



Chapter 4

Methodology

This chapter will provide with methodological background for the empirical 
analysis executed in Chapters 5 and 6. Generally, the model described will be 
a vector autoregression, which is frequently used by scholars exploring mone
tary transmission, e.g. Assenmacher & Gerlach (2008), Goodhart & Hofmann 
(2008), or Iacoviello & Minetti (2008).

4.1 Vector autoregression

VAR models have become substantially popular among researchers due to ca
pability to generate exogenous shock to target variables. In fact, a VAR model 
consists of several time series, which explain evolution of certain endogenous 
variables. Moreover, each endogenous variable is also defined exogenously as 
an independent variable. Accordingly, the number of endogenous variables is 
equal to the number of equation in the system. For that reason, VAR models 
are highly powerful tool for capturing relations among observed time series.

In a simple VAR model, each variable is explained by lagged values of itself 
and also by lagged values of other endogenous variables in the system. For the 
sake of simplicity, a VAR model with two dependent (endogenous) variables 
x t and yt and one lag will be constructed. The following model is called a 
bivariate VAR of order one:

V t — « i  +  / A i ? / t - i  +  +  £i/í

=  Ct2 +  /? 2 lž /ť - l +  / ? 2 2 ^ i - l  +  ex ti

where cq (i = 1,2) are constant terms and (5̂  ( i ,j  = 1,2) are coefficients
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by the independent variables. Error terms eyt and ext are disturbances assumed 
to be white noise processes (with zero mean and constant variance). It is also 
vital to note that the constant terms are usually defined as exogenous variables. 
What is more, it is possible to incorporate more variables influencing the system 
only exogenously, for example a time trend. Then the model 4.1 would be 
redefined as follows:

V t — Cti + t  +  1 + ty l,

Xt = Oi2 + t + falUt-l +  /?22^i-l +  txt,

where t is a time trend and together with constant terms are the only 
variables, which are determined as purely exogenous.

4.2 Matrix notation

Nevertheless, the above mentioned notation is hardly used in the academic 
literature. Instead, scholars usually define their models using matrix notation. 
For instance, the model 4.1 can be rewritten as follows:

Ž/A = í“ Ó  + í f^ " 0  + f
X tJ  \O i2J  \/?21 ^2 2 / \ X t - l J  \ t xtJ

(4.3)

and by further determining the vectors and matrices the consequent equa
tion looks like following:

hj — o: + /3hf_i + € f ,  (4-4)

where Yt = (^t ), a = ( ^ ) ,  /3 = (£ )£ * )  and e* = (S t) , which is 
also called the reduced form of VAR. As for the implication in econometric 
modelling, the reduced form of VAR can be estimated by OLS.

By all means, the vector Yt can be easily defined with more than two endoge
nous variables and similarly the vector a can contain more purely exogenous 
variables (e.g. a time trend). In addition, the evolution of dependent variables 
is usually described by independent variables with more than one lag. For that 
reason, the equation 4.4 can be extended by n lags. The next model is called
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a VAR of nth order, VAR(n), and it is defined as follows:

V =  a  +  + ^ - 2  +  ••• + /3nYt-n +  Q- (4.5)

Nevertheless, the model 4.5 can be redefined so that it is represented by 
only one lag as in the model 4.4. In particular, in order to achieve the latter 
redefinition, the matrix (3 would be defined as:

/̂3l /?2 7̂ 3

0
I

I
0/3 =

0 0

f3r \  
0 
0

° 7

(4.6)

where I  is the identity matrix. Also, the vector of the endogenous variables 
would be defined as ( Yt,...,Yt+i-„ ) T.

4.3 Recursive VAR

VAR models recursively identified by Cholesky decomposition were broadly 
used while examining the effect of monetary policy on economy. As for the 
example, a vector autoregression, where shocks were orthogonalized by recur
sive identification, was incorporated into econometrics analyses of Del Negro 
& Otrok (2007), Otrok & Terrones (2005) or Ungerer (2012). Generally, this 
method has become highly popular among scholars, since it allows for deter
mining the impact of uncorrelated exogenous shocks on target variables. The 
recursive model is represented by the following system:

AYt =  C  +  B Y t_, +  u t, (4.7)

where the matrix A  is the lower triangular matrix that determines the 
simultaneous relationship among variables. Importantly, the Cholesky decom
position of the matrix A  puts an emphasis on ordering of the endogenous 
variables in the model 4.7.

For the sake of clarity, assume that the vector Yt is represented by two 
variables, which are ordered as follows: yt, x t. Suppose that yt represents 
inflation and xt the interest rate. Then according to the recursive model 4.7,
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the interest rate is affected by inflation at time t, but it does not hold vice 

versa.

Naturally, the reduced form 4.4 of the recursive VAR 4.7 can be obtained 

by pre-multiplying the equation 4.7 by A ~ '. As a result, the residuals will be 

defined as follows:

et = A 1ut. (4.8)

Provided that the matrix A  is identified by Cholesky decomposition, the 

vector of disturbances ut from the above representation 4.8 possesses valuable 

interpretation within an economic theory. The disturbances might be also 

called shocks or innovations. As can be concluded from the equation 4.8, 

the VAR disturbances et are defined in such a way that they are a linear 

combination of the shocks Ut-

Generally, the recursive model allows for contemporaneous effect of one 

variable on the other but not vice versa. For this reason, the recursive procedure 

possesses valuable interpretation in terms of economic implications. Continuing 

with the aforementioned example, where yt is assumed to be inflation and xt the 

interest rate, the system 4.7 allows for the interest rate to be contemporaneously 

affected by inflation but not vice versa. Economic interpretation drawn from 

this restriction alleges that a monetary authority firstly observes inflation before 

making decisions about the level of interest rates. The latter implication can 

be drawn from a closer look at the representation 4.8, which can be written 

(considering two variables yt and Xt) as follows:

A-l

Hence (following the example with the interest rate and inflation), unex

pected shock in inflation (uyt) affects contemporaneously the interest rate, how

ever it does not hold other way around. Thus, the recursive identification on 

the matrix A  allows for isolating the monetary policy shock when it strikes an 

economy. The latter also indicates that the shock depends on the order of the 

variables in the system. In particular, the variable ordered first in a recursive 

VAR model has contemporaneous effect on all of the variables below and hence 

the last variable contemporaneously affects only itself.
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4.4 Impulse response

Proper inference from the aforementioned VAR modelling cannot be formed 
without impulse response analysis. Impulse response functions (IRFs) are con
venient tool for examining how target variables in a vector autoregressive sys
tem react to some shock, e.g. monetary policy shock or demand shock. To 
put it more accurate, assuming the bivariate model 4.7 that is identified by 
the Cholesky decomposition, the IRFs define the response of elements Yt =  
( yt , to a sudden one unit increase (impulse) in shocks u t = ("r - IJY)'r . 

Nevertheless, the one unit increase affects the variables in the system under 
the assumption, that there is no impulse from some other shock.

Given the example with the interest rate and inflation, the monetary policy 
shock (sudden one unit increase in uxt) can, ceteris paribus, lead to decrease 
in inflation yt. The formal definition of the IRFs is based on a vector moving 
average (VMA) representation that is defined as follows:

Yt =  fioíR +  + Q,2Ut—2 +  ••• (4.10)

For the sake of economic interpretation, the VMA representation 4.10 can
be defined for any time horizon, e.g. future t +  1 0 o r t  +  / generally. As
an illustration, the VMA representation for a bivariate VAR model looks like
following:

A+A = Z^n(o) wi2(o)\ A ^ + A  + +  Am /) M / A  AdA +
\ X t + f  J \ < ^ 2 l ( 0 )  U ? 2 2 ( 0 ) /  \ U x t+ f  J \ < ^ 2 l ( / )  ^ M / ) /

(4.11)
where the coefficients a>ij ( i , j  =  1,2) are called dynamic multipliers and 

possess the information about the effect of a shock. For instance, oM /), oM /), 
cu2i(/) and represent impacts of shocks and uxt on the endogenous
variables at time t +  /. It holds that:

9yt+f
duyt

9xt+f
dUyt

^ll(/)

M / )

9yt+f
9uxt

9xt+f
9uxt — ^M/)-

=

Depicted graphically, the coefficients Wy plotted against a certain time hori
zon are called impulse response functions (IRFs) and represent the dynamics
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of the system. For instance, uq2(/) reveals the response of the variable yt at 
time t +  f  to the unexpected shock uxt (one unit impulse). Following the afore
mentioned example, the coefficient uq2(/) represents how inflation at time t +  f  
reacts to the monetary policy shock at time t. In addition, a cumulated effect 
can be obtained by the sum of particular coefficients (Zivot 2000)

4.5 Stationarity condition

A proper statistical inference from the above described methodology cannot 
be formed if a VAR model is not a stationary stochastic process. Generally, a 
VAR model can be perceived as a single stochastic process where stationarity 
is tested. In particular, a VAR model is stationary, if it fulfils the following 
condition:

det{In — /3±z — /32z2 — ... — (3nzn) =  0. (4.12)

If all roots of the equation 4.12 are higher than one, then a VAR model 
is stable. Across academic literature, 4.12 is usually called either stationarity 
condition (e.g. Zivot (2000)) or stability condition (e.g. Lutkepohl (2005)). 
Even though stability is not exactly the same as stationarity, Lutkepohl (2005, 
pp.25) asserts that “stability implies stationarity”. Therefore, if a VAR model 
meets the condition 4.12 then is considered to be a stable, stationary process.

Also, the roots from the equation 4.12 are usually inverted and hence the 
required values need to have modulus less than one. Moreover, these inverse 
roots are equal to eigenvalues of matrices /3i ,/32, ... ,(3n-



Chapter 5

Empirical results

This chapter will provide with results of the econometric analysis based on 
a VAR model. Overall, eight models are estimated in total in order to cap
ture responses of several variables determining house prices within the Czech 
Republic. Afterwards, the Cholesky decomposition is executed so that an in
dependent monetary policy shock is generated. The chapter will also provide 
with responses of inflation, output and corresponding house prices.

5.1 Model
The empirical analysis is based on a VAR model, which reduced form is defined 
as follows:

Y t =  a X /  +  /3V-1 +  et, (5.1)

where Yt is the vector of endogenous variables, X t is the vector of exogenous 
variables and e* is the vector of error terms.

In particular, Yt is represented by the vector of five variables of the Czech 
economy , yt , h t , i t , f x t where yt is the annual growth of GDP, tt, is yearly 
CPI inflation, ht is the annual growth of house prices, it is three month PRIBOR 
and f x t is the exchange rate EUR/CZK.

Furthermore, ordering of the variables in the model 5.1 is important due 
to the imposed Cholesky decomposition. Generally, recursive identification re
flects the structure of the Czech economy. In particular, the ordering of the 
endogenous variables in the model 5.1 assumes that the monetary authority 
observes inflation, output and house prices and adjusts the interest rate ac
cordingly.

For the sake of clarification, the ordering of the variables in the model
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5.1 determines the structure of the economy in a way that inflation, output 
and house prices are not contemporaneously affected by the monetary policy 
decision. In contrast, the interest rate immediately affects exchange rate, since 
the variable f x t is ordered after the variable it .

When it comes to the vector X t, it is represented by a constant term, a 
time trend and the Shadow Short Rates (ss r j and its three lags. The latter 
variable tends to capture developments in the eurozone.

Generally, in this chapter eight VAR models will be estimated in total. 
The maximum number of lags that might be chosen is set to be four and the 
actual value is determined by the Akaike information criterion. The vector 
of the exogenous and endogenous variables will be Yt and X t in all of the 
models, however the variable of house prices will be changing. In particular, the 
variable ht will represent either apartments (/&“) or family houses (h^) , grounds 
(hf), the annual growth in total index (/&£), transaction prices of apartments in 
Prague (hf), asking prices in apartments in Prague (haf), transaction prices of 
apartments outside Prague (h^) and finally asking prices of apartments outside 
Prague (ha^). The models are summarized in Table 5.1.

Table 5.1: Models

Model Variable representing ht Description

Model 1 hat Apartments (transaction prices)
Model 2 hht Family houses (transaction prices)
Model 3 h9t Grounds (transaction prices)
Model 4 hi Total index (transaction prices)
Model 5 hpt Apartments in Prague (transaction prices)
Model 6 h? Apartments in the rest of the CR (transaction prices)
Model 7 hapt Apartments in Prague (asking prices)
Model 8 ha? Apartments in the rest of the CR (asking prices)

What is more, the variable f x t is the exchange rate in levels except for 
the last four models. In those cases the variable is determined by the first 
logarithmic difference in the exchange rate EUR/CZK. The latter alternation 
is for the purpose of maintaining stability since the variables of house prices h/, 
h/'-, ha/ and ha^r have less number of observations (see Table A.l in Appendix).

With regard to the estimation procedure, eight models from Table 5.1 are 
estimated according to the baseline model 5.1. Next, orthogonalized shocks 
are obtained by the Cholesky decomposition. Also, impulse response functions 
that will be further described in this chapter are generated. Moreover, results 
of the stability tests and the multivariate ARCH-LM tests can be retrieved
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from Appendix A.l. As can be concluded from the tests, the models are stable 
(stationary) with residuals showing no ARCH effects.

5.2 Apartments

Figure 5.1 provides with estimated responses of the variables 717, yt and hf 
to the unexpected increase in the interest rate (monetary policy shock). In 
particular, the shock has magnitude of one standard deviation of the error 
term from the model 5.1 (concretely, the equation in the system with it as the 
dependent variable). Hence, in order to obtain the effect of the impulse equal 
to 1% the responses need to be divided by the latter standard deviation. This 
procedure is called normalization and results are inserted in Table 5.2.

Figure 5.1: IRFs from the model 1

Orthogonal Impulse Response from PRIBOR

< 9
n---- 1---- 1---- 1---- 1---- 1---- 1---- 1---- 1---- 1---- r
0 1  2 3 4 5 6 7 8 9  10

95 % Bootstrap Cl, 100 runs

As depicted in Table 5.2, the annual growth in output and prices of apart
ments attains negative values almost immediately after the monetary policy 
shock. In comparison, inflation firstly increases and then starts to decline in 
the third quarter and reaches negative values later in the sixth quarter. In 
fact, the latter effect is called price puzzle and its occurrence is frequent in 
the literature examining the monetary transmission mechanism (Rusnák et al. 
2013).

When it comes to the concrete values, one year after the monetary pol
icy shock the annual growth in GDP is —0.36% and —1.5% in apartments.
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Table 5.2: Normalized responses from the model 1

Quarter Inflation Output Apartments

2 0.944 -0.094 0.559
3 0.917 0.043 -0.834
4 0.130 -0.358 -1.489
5 0.267 -1.109 -2.758
6 -0.017 -1.462 -3.248
7 -0.266 -1.227 -3.003
8 -0.326 -1.202 -2.564
9 -0.367 -1.123 -2.602
10 -0.253 -0.813 -2.486
11 -0.105 -0.570 -2.384

Next, two years after the monetary tightening the respective values are —1.20% 
and —2.56%. Moreover, inflation is also negative after two years, concretely 
—0.33%. In general, in the eighth quarter after the monetary policy shock the 
house prices decreased approximately twice as much as output. In particular, 
the ratio defining the respective fall in house prices for 1% reduction in output 
is 2.13.

5.3 Family houses

Figure 5.2 and Table 5.3 provide with impulse responses and their normalized 
values for the model 2 (Table 5.1) with the variable of family houses (h^). As 
in the previous case, output attains negative values almost immediately after 
the shock and response for inflation exhibits price puzzle.

Nevertheless, the annual growth in family houses is positive even after two 
years since the monetary policy shock. Particularly, the peak of impulse re
sponse function is in the fifth quarter with the corresponding value 2.80%. As 
a result, according to the model 5.1 restrictive monetary policy does not tend 
to decrease prices of family houses.

5.4 Grounds

As for the impulse response analysis of the model 3, 1% increase in the inter
est rate has a negative impact on Czech output. Furthermore, the negative 
response of GDP becomes significant after one year since the monetary policy
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Figure 5.2: IRFs from the model 2

Orthogonal Impulse Response from PRIBOR

95 % Bootstrap Cl, 100 runs

Table 5.3: Normalized responses from the model 2

Quarter Inflation Output Family houses

2 1.085 0.546 0.681
3 1.029 0.451 1.792
4 0.836 0.073 2.574
5 0.415 -0.499 2.805
6 0.057 -1.001 2.433
7 -0.191 -1.308 1.648
8 -0.296 -1.368 0.707
9 -0.293 -1.220 -0.142
10 -0.232 -0.944 -0.739
11 -0.160 -0.626 -1.025
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shock. Similarly as in the responses of apartments and family houses, the an
nual growth in CPI firstly surges and then starts to decrease after the second 
quarter.

Figure 5.3: IRFs from the model 3

Orthogonal Impulse Response from PRIBOR

95 % Bootstrap Cl, 100 runs

Table 5.4: Normalized responses from the model 3

Quarters Inflation Output Grounds

2 0.882 -0.038 0.091
3 1.196 0.045 -0.080
4 0.639 -0.392 0.103
5 0.589 -1.004 0.046
6 0.357 -1.343 -0.421
7 0.069 -1.256 -0.616
8 -0.075 -1.167 -0.611
9 -0.280 -1.064 -0.468
10 -0.326 -0.805 -0.457
11 -0.240 -0.553 -0.584

When it comes to the annual growth in prices of grounds, the response 
function firstly oscillates around zero and attains negative values in the third 
quarter (Figure 5.3). Nevertheless the impact is not significant due to broad 
confidence intervals. In particular numbers (Table 5.4), after eight quarters the



5. Empirical results 34

value of IRF is —0.61% and the ratio with respect to the response of output is 
0.52.

5.5 Total index

Model 4 estimates the system of equations, which include the annual growth in 
the total index of house prices (h£). In general, inflation exhibits price puzzle 
again and the response of output is significantly negative, as in the previous 
cases. Concretely, two years after the monetary policy shock the annual growth 
in GDP decreases by 1.23% and inflation by 0.22%.

Figure 5.4: IRFs from the model 4
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In examining responses of total house prices, the response function falls 
under zero after one year since the monetary tightening and the actual value 
after two years is —1.37%. However, the bootstrapped confidence intervals 
contain zero, hence the monetary policy shock is not a significant driver of 
house prices in this case.

5.6 Prague

In order to further elaborate the environment of apartments prices, indices of 
the annual growth of both transaction and asking prices were obtained. What is
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Table 5.5: Normalized responses from the model 4

Quarter Inflation Output Total index

2 0.936 0.006 0.527
3 1.002 0.155 0.382
4 0.096 -0.309 0.477
5 0.238 -1.136 -0.329
6 0.070 -1.563 -1.124
7 -0.139 -1.312 -1.400
8 -0.217 -1.226 -1.373
9 -0.346 -1.117 -1.514
10 -0.306 -0.786 -1.648
11 -0.194 -0.537 -1.757

more, the collected time series allow for exploring developments in Prague and 
the rest of the country. However, the data contain less observations compared 
to the series of house prices h“ , and ĥ . Further details are described in
Chapter 3.

Overall, IRFs of the models 5 and 7 are depicted in Figures 5.5 and 5.6. 
Also, normalized values are in Tables 5.6 and 5.7. Generally, the responses 
of output and house prices become significant approximately after the sixth 
quarter.

Figure 5.5: IRFs from the model 5

Orthogonal Impulse Response from PRIBOR

95 % Bootstrap Cl, 100 runs
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Figure 5.6: IRFs from the model 7

Orthogonal Impulse Response from PRIBOR

95 % Bootstrap Cl, 100 runs

Table 5.6: Normalized responses from the model 5

Quarter Inflation Output Prague (transaction prices)

2 1.219 0.019 1.175
3 1.267 0.879 2.117
4 0.710 0.690 3.243
5 0.758 -0.651 0.278
6 0.268 -1.630 -3.071
7 0.064 -1.997 -6.345
8 -0.206 -2.148 -6.745
9 -0.590 -1.838 -5.467
10 -0.791 -1.118 -3.823
11 -0.671 -0.625 -2.865
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Table 5.7: Normalized responses from the model 7

Quarter Inflation Output Prague (asking prices)

2 2.543 -0.146 2.637
3 2.164 -0.232 1.677
4 0.927 -0.391 1.646
5 0.406 -1.360 -0.021
6 -0.457 -2.388 -2.268
7 -1.477 -2.785 -5.488
8 -1.394 -2.628 -6.408
9 -0.934 -1.931 -5.842
10 -0.273 -0.517 -4.012
11 0.264 0.709 -2.286

When it comes to the particular variables, inflation exhibits price puzzle 
again both in transaction and asking prices. As for output, in the model 7 
the response of the annual growth of GDP attains negative values immediately 
after the monetary policy shock. In comparison, the IRF for output in the 
model 5 firstly increase and falls below zero afterwards in the fifth quarter. 
Nevertheless, after two years since the unexpected monetary tightening the 
annual growth in income decreases by more than 6% according to the models 
5 and 7, which include the variables hf and ha?.

As for the actual apartments prices, the IRFs exhibit price puzzle, too. 
In particular, both responses reaches negative values after one year since the 
monetary policy shock. What is more, the actual value of both responses is 
less than —6% in the eight quarter. Compared to the results from the previous 
model 4, the decrease is more rapid. Overall after two years, the ratio of the 
responses of apartments prices with respect to output is 3.14 for transaction 
prices and 2.44 for asking prices.

5.7 The rest of the Czech Republic

Compared to Prague, the monetary policy shock affects similarly the annual 
growth in apartments prices in the rest of the republic. The IRFs of transaction 
and asking prices are depicted in Figures 5.7 and 5.8 and normalized responses 
in Tables 5.8 and 5.9. The response function for inflation exhibits price puzzle 
again. In case of house prices, the response is firstly positive, too. The later 
effect is also visible in the case of apartments prices in the capital (Section 5.6).
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Figure 5.7: IRFs from the model 6
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Figure 5.8: IRFs from the model 8
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Table 5.8: Normalized responses from the model 6

Quarter Inflation Output Prague (transaction prices)
2 2.098 -1.441 1.263
3 0.929 -1.389 0.819
4 0.207 -1.538 1.783
5 1.295 -2.335 -5.648
6 1.419 -2.307 -8.402
7 -0.261 -1.278 -7.666
8 -0.750 -0.653 -6.434
9 -1.103 -1.288 -7.223
10 -1.490 -1.247 -7.025
11 -1.713 -0.183 -4.540

Table 5.9: Normalized responses from the model 8

Quarter Inflation Output Prague (asking prices)
2 2.923 -0.614 0.780
3 2.138 -0.581 1.764
4 0.477 -0.454 5.117
5 0.462 -2.644 -0.782
6 0.138 -3.972 -5.330
7 -0.590 -3.488 -7.067
8 -1.018 -1.883 -6.312
9 -1.060 -1.068 -5.049
10 -0.440 -0.321 -5.496
11 -0.331 0.714 -4.242
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In particular, the annual growth in transaction prices becomes negative in 
the fifth quarter after the monetary policy shock. The minimum of the response 
function is attained in the sixth quarter with the respective value —8.40%. 
After two years since the unexpected monetary tightening transaction prices 
of apartments in the Czech Republic (excluding Prague) annually decline by 
6.44%. With respect to asking prices, there is a visible occurrence of price 
puzzle in the hrst four quarters after the shock. Compared to transaction 
prices, the lowest value of the response function is in the seventh quarter with 
the respective value —7.07% and in the eight quarter annual decline in asking 
prices of apartments is 6.31%.

However, the models 6 and 8 (Table 5.1) generate more mitigated response 
of output to the monetary shock if compared to the models 5 and 7. Concretely, 
the annual growth in income is estimated to decline by 1.54% in the fourth 
quarter and by 0.65% in the eight quarter when it comes to the model 6. The 
respective values from the model 8 are —0.45% and —1.88%. Hence, the ratio 
defining the respective fall in house prices for 1% reduction in output is 9.86 
for transaction prices and 3.35 for asking prices.



Chapter 6

Different interest rates

Chapter 5 provides with a VAR analysis elaborating responses of inflation, out
put and house prices to the monetary policy shock within the Czech economy. 
In this chapter, the model 5.1 will be estimated again, however with different 
interest rates that denote the variable it . Nevertheless, due to drawbacks of 
the interest rates that will be presented, the findings in this chapter serve only 
as an additional evidence to the baseline results from Chapter 5.

6.1 Government bond yield

Figure 6.1 depicts the yield on government bonds with average residual ma
turity of two years. The quarterly series starts in the hrst quarter 2004 and 
terminates in the last quarter 2017. As for the summary statistic, mean value 
is 1.57%, median 1.70% and standard deviation 1.49%.

Regarding the historical developments, since the burst of the crisis in 2008 
the time series has exhibited mostly the decreasing trend. Concretely, the line 
reaches its maximum value 4.5% in the second quarter 2008. In contrast, the 
series attained the minimum of —0.81% in the last quarter 2016.

Compared to PRIBOR, the government yield reaches negative values, there
fore it better reflects the actual stance of monetary policy. However, the data 
has disadvantage of lesser observations since the quarterly series starts in 2004.

6.2 Results of the analysis

In this section, models from Table 5.1 (baseline model 5.1) are estimated again. 
Generally, the variables are exactly the same except for the variable it , which
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Figure 6.1: Two-year government bond yield

Source: Czech National Bank.

now stands for two year yield on government bonds. Hence, eight models in 
total are estimated and the corresponding IRFs are inserted into Appendix A.l. 
The tables with normalized values are in Appendix A. 18.

Overall, inflation in response to the monetary policy shock exhibits price 
puzzle in all of the cases. The longest positive effect is visible in the response 
function from the model 2, where the variable of family houses is included 
in the vector Yt. In particular numbers, the IRFs from the VAR model esti
mate inflation to be positive for more than two years after the shock, with the 
maximum value 1.26%. In contrast, the shortest duration of the positive an
nual growth in CPI after the unexpected monetary tightening is estimated by 
the model 3 (with the variable hf). Concretely, the response function attains 
negative values already in the third quarter and decreases till the minimum 
0.28% in the fifth quarter.

Also, responses of inflation to the monetary policy shock based on the model 
5.1 are mostly insignificant. Generally, all of the confidence intervals contain 
zero except for the IRFs generated by the models 6, 7 and 8. Specifically, the 
results concern the models with asking prices of apartments in Prague and both 
asking and transaction prices of apartments in the rest of the CR. As for the 
results, response functions are significant a few quarters immediately after the 
shock. The latter gives a conclusive evidence for price puzzle when it comes to 
prices of apartments.

Further, the annual growth in income tend to decrease almost immediately
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after the unexpected monetary tightening. As for the concrete results, response 
of output falls promptly below zero in six of the estimated models. There is a 
little but insignificant increase of the response functions in the models 2 and 7. 
Importantly, response functions of output becomes significant at least in one 
point in all eight models. Hence, the models strongly demonstrate that the 
restrictive monetary policy reduces GDP.

With respect to actual responses of house prices, the corresponding lines 
mostly exhibit price puzzle, except for the results based on the models 4 and 5. 
In the latter cases, the annual growth in house prices is negative immediately 
after the monetary policy shock. Besides that, the response functions of the 
house prices are always negative after two years since the shock. The latter 
result is different from the one in Chapter 5, where responses of family houses 
were positive for more than eight quarters.

The most rapid decrease is visible in transaction prices of apartments in the 
CR (excluding Prague). One year after the shock apartments prices decline by 
approximately 2.5% and in the second year the actual value is —7.64%. In 
contrast, the most moderate negative response is generated by the model 2, 
where the variable of house prices is h^. Specifically, the annual growth in 
family houses is positive for seven quarters and becomes negative in the second 
year after the monetary policy shock. The latter result brings the similar 
evidence as demonstrated in Section 5.3.

As for the examination of confidence bands, none of the models yields con
clusively significant results at 5%. On the whole, the monetary policy shock 
tends to have the negative effect on apartments, family houses and grounds, 
nevertheless the impact is estimated to be insignificant based on the broadness 
of the confidence intervals.

6.3 Repo rate

In this section another interest rate is included into the model 5.1 and hence 
corresponding eight models from Table 5.1. Particularly, the variable it is 
represented by the monetary policy rate, namely the repo rate. Repo rate was 
further described in Chapter 3. The IRFs of the models are depicted in the 
Appendix A.9 and their normalized values in Appendix A.26.

Overall, inflation in response to the monetary policy shock exhibits price 
puzzle in all of the cases. Hence, the unexpected monetary tightening results in 
an immediate increase in CPI index. What is more, significant rise of response
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functions of inflation is estimated by the models 1, 5 and 6. In general, the 
annual growth of CPI is approximately between 1% and 2% in the second 
quarter after the shock. After the second quarter, the responses mostly tend to 
decrease attaining negative values approximately after the sixth quarter since 
the unexpected monetary tightening.

When it comes to the response of GDP growth, seven models estimate 
significant decline in output in the period of one year or longer. As for the 
exceptional result, the results of the model 6 conclude that the decrease in 
income is insignificant. As for the extreme value, the maximum drop of 2.64% 
in the seventh quarter is estimated by the model 7 that captures developments 
in apartments in Prague. In contrast, the most moderate significant decrease 
in output is depicted in the IRFs of the model 2. Particularly, the estimated 
decline is estimated to be 1.6% or less.

In comparison with the finding of the Model 5.1, where the variable it 
was represented by either PRIBOR or the yield on governments bonds, the 
responses of output exhibit an increase immediately after the monetary policy 
shock. The latter findings presumably occur due to insufficient variation in the 
repo rate and long period of the series remaining near the zero bound.

As for the house prices, all of the models generate responses that increase in 
the first quarters after the monetary policy shock. Around the third quarter, 
the annual growth in house prices starts to decrease and afterwards attains 
negative values generally around or after one year since the shock.

In respect of concrete numbers, five models estimate the negative growth 
in house prices in the second year after the shock. Namely, models 1, 3, 4, 5, 
6 and 7. These findings are in accord with the results from Chapter 5. As for 
the extremes, the maximum decline in the eighth quarter is 6.26% in case of 
transaction prices of apartments in Prague. In contrast, the most moderate 
drop of 0.81% that occurs two years after the shock is estimated by the model 
3, which captures developments in prices of grounds.

Similarly to Chapter 5 and Section 6.2, prices of family houses tend to be 
resistant to the shock in the interest rate. Nevertheless, the results of this sec
tion conclude that asking prices of apartments from the model 8 do not attain 
negative values in the second year after the monetary policy shock. However, 
the corresponding house price to output ratio is almost zero, concretely 0.02.

By the examination of the confidence bands around the responses of house 
prices it can be conclusively deduced that the repo rate is not a significant 
driver of the negative growth of house prices. Nevertheless, there is an evidence
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for significant price puzzle in prices of apartments (both in Prague and the 
rest of the republic), family houses and in the total index. These conclusions 
contradict the findings from Chapter 5 and section 6.2. All in all, in the next 
chapter the emphasis will be put only on the values of IRFs that are estimated 
two years after the monetary policy shock.



Chapter 7

Discussion

Overall, the empirical analysis brings the evidence for negative relationship be
tween house prices and interest rates. Hence, this chapter will provide with 
discussion of results obtained in Chapters 5 and 6. In summation, the hy
potheses will be answered, too. Moreover, the findings will be compared to the 
academic literature elaborated in Chapter 2.

7.1 House price to output ratio

In the analysis of Williams (2015) the author concludes about his results by 
presenting the ratio of house prices to output. More specifically, he generates 
responses of house prices and output to an impulse equal to 1% increase in the 
interest rate. Then the ratio is calculated from the values of the responses in the 
second year after the monetary policy shock. What is more, Williams (2015, 
pp.4) presents results obtained from another researchers, who were exploring 
the effect of interest rates on house prices. Overall, the ratio indicates how 
much house prices decline relative to output after the monetary policy shock. 
Therefore, to some extent it can imply trade-off between macroeconomic and 
financial stability. To put it simply, the lower the ratio, the more income was 
“sacrificed” in order to fight surging house prices.

As for the results of this thesis, the aforementioned ratios calculated from 
analyses in Chapters 5 and 6 are depicted in Table 7.1. Generally, a ratio is 
showed only if both of the responses were negative, i.e. both response functions 
of output and house prices were below zero in the eighth quarter. Hence, the 
NA values determine that one of the corresponding responses was positive in 
the particular period. In total, Table 7.1 contains four NA values.
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Table 7.1: House price to output ratios

Model Variable representing ht PRIBO R Bond yield Repo rate

Model 1 hf 2.13 1.84 2.84
Model 2 NA 0.02 NA
Model 3 hi 0.52 1.32 0.55
Model 4 h\ 1.12 1.36 1.1
Model 5 hi 3.14 1.99 2.6
Model 6 h? 9.86 5.27 NA
Model 7 hoi 2.44 1.23 2.02
Model 8 ha? 3.35 2.79 NA

Average 3.22 1.98 1.82

When it comes to particular results, ratios calculated from the analysis in 
Chapter 5 are depicted in the third column of Table 7.1. For the sake of clarity, 
the column contains values obtained from the impulse response analysis of the 
model 5.1 where it was represented by PRIBOR. Generally, there are seven 
positive numbers and one negative (NA value).

Overall, the lowest house price to output ratio is estimated by the model 3. 
In particular, the value 0.52 means that if the monetary policy action reduces 
the annual growth of ground prices by 0.52%, then the same policy results in 1% 
decrease in GDP. Hence, there is estimated a trade-off between macroeconomic 
and financial stability. As for the highest ratio, IRFs from the model 6 estimate 
9.86, which means that the monetary policy shock results in average in 9.86% 
decline in apartments prices in the CR (excluding Prague) in the second year 
after the shock. At the same time, the annual output growth decreases by 1%. 
In terms of macroeconomic and financial stability, the latter ratio implies much 
more moderate trade-off compared to the model 3 with grounds prices.

In total, the average ratio estimated by the models in Chapter 5 is 3.22. 
Naturally, the latter number excludes the model 2, which incorporates family 
houses (h^) among endogenous variables. The average trade-off ratio for prices 
of apartments is 5.04 for transaction prices and 2.90 for asking prices. This 
implies that financial stability comes at more considerable cost in case of asking 
prices.

Another comparison can be performed between models estimating develop
ments of house prices in Prague and the rest of the Czech Republic. Concretely, 
the trade-off ratio for apartments in Prague is 2.79 and for the rest of the re
public 6.61. Hence, according to the analysis based on the model 5.1 from 
Chapter 5, there is a more considerable cost of macroeconomic stability under 
the assumption that policy makers observe prices of apartments in Prague in
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contrast with prices of apartments in other parts of the country.
As for the results of eight models estimated in Section 6.2, where the variable 

it was represented by the yield on government bonds, the average ratio is 1.98. 
It is vital to note that the results of the econometric analysis do not generate 
negative ratios in the eighth quarter after the monetary policy shock. Therefore, 
there are no NA values in the fourth column of Table 7.1.

With regard to the extreme values, the column four of Table 7.1 provides 
with the minimum ratio 0.02. Basically, the number implies that there is 
almost no trade-off between macroeconomic and financial stability if the policy 
makers observe prices of family houses. However, in order to properly interpret 
the result, it is important to remind that the latter result is due to resistance of 
family houses to the monetary policy shock. The greatest trade-off ratio 5.27 
is in the case of transaction prices of apartments in the CR excluding Prague. 
Likewise, the model 6 estimates the maximum ratio also in the aforementioned 
case, where the variable it was represented by PRIBOR in the model 5.1.

As for the more specific distribution, average ratio for the transaction prices 
of apartments is 3.03 and 2.01 in case of asking prices. These results bring the 
similar conclusion as in the case of models with PRIBOR. Concretely, according 
to the model specification allowing monetary policymakers to observe prices of 
apartments, financial stability comes at more considerable cost in case of asking 
prices.

In comparison with other parts of the country, prices of apartments (both 
transaction and asking prices) in Prague react to the monetary policy shock 
more costly in terms of the negative output growth. In particular, the average 
trade-off ratio for apartments in the capital is 1.61 as for the rest of the republic 
4.03. The latter result is similar to the conclusions from the third column of 
Table 7.1.

The last analysis executed in Section 6.3 was based on the vector Yt of 
endogenous variables that included the repo rate. The results are in the last 
column of Table 7.1. Overall, there are considerably more NA values compared 
to the other two columns, which might be due to smaller variation in the 
corresponding time series of the monetary policy rate. Generally, the larger 
number of NAs possibly imply that PRIBOR and the yield on government 
bonds possess better capability for modelling approaches. Nevertheless, the 
ratios are computed in order to comment on additional evidence.

In general, the NA value in the row of family houses indicates that house 
price are resistant to the monetary policy shock. This result is similar to
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the findings from the models, where the variable i t was represented by either 
PRIBOR or the yield on governments bonds. As for another NA values in the 
column of the repo rate, the response functions of the models 6 and 8 do not 
possess enough information to generate a conclusive trade-off ratio. For the 
sake of clarity, the latter means that either response of output or response of 
apartment prices is positive in the eight quarter after the shock.

As for the analysis of the actual ratios from the column four of Table 7.1, the 
average value is 1.82. Hence, under the assumption that policy makers observe 
house prices and adjust the interest rate accordingly, the 1.82% reduction in the 
annual growth of house prices comes in average at cost of 1% decline of output. 
As for more specific distribution, the average ratio from all of the models with 
apartments is 2.49. With regard to developments in the capital, the average 
trade-off ratio for the models 5 and 7 is 2.31. The model 2 with the repo rate 
among endogenous variables yield the similar result as in the case when the 
variable it was represented by PRIBOR. Particularly, the 0.55% reduction in 
grounds prices is associated with 1% drop in GDP.

7.2 Evaluating the results

In order to further evaluate aforementioned ratios it is important to provide 
with some benchmark values for comparison. In other words, Section 7.1 
presents ratios determining a trade-off between macroeconomic and financial 
stability, however it does not bring any answers considering meaning of the 
magnitude of particular values. For that reason, this section will compare the 
trade-off ratios of this thesis with results presented by Williams (2015).

Overall, the average house prices to output ratio estimated from the models 
in Chapter 5 is 3.22. Hence, this number can be perceived as the result of the 
baseline model. When it comes to the more specific distribution, the average 
trade-off ratio for prices of apartments is 5.04 for transaction prices and 2.90 
for asking prices. Also, the trade-off ratio for apartments in Prague is 2.79 and 
for the rest of the republic 6.61.

In respect of the contribution of Williams (2015), the author’s calculations 
provide with the ratio 3.3, which is very similar to the result from the baseline 
model in Chapter 5. Moreover, he also concludes of results of other scholars 
exploring the topic of house prices in terms of monetary transmission. Overall, 
Williams (2015, pp.5) concludes that “A typical estimate is that a 1% loss in 
GDP is associated with a 4% reduction in house prices. This implies a very
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costly tradeoff o f using monetary policy to affect house prices when inacroe- 
conomic and financial stability goals are in conflict. ” Therefore, taking into 
account his claim, it can be deduced that the ratio lower or equal four is con
sidered to be costly in terms of macroeconomic and financial stability.

As for the results of this thesis, the average ratio 3.22 from the baseline 
analysis in Chapter A.33 implies that the action of the Czech National Bank 
that aims at fighting increasing house prices is generally costly due to consider
able reduction in output. Regarding more concrete results, the values that are 
below four are the ratios of asking prices of apartments (whole country) and 
also specifically apartments in Prague.

In respect of the additional evidence from Chapter 6, the average trade-off 
ratio of the models with the yield on government bonds among endogenous 
variables is 1.98. Regarding the results of the analysis from Section 6.3, where 
the variable it in the model 5.1 was represented by the repo rate, the average 
ratio is 1.82.

Another way to compare ratios is to average values across rows in Table 
7.1. To put it simply, the results will be average trade-off ratios from all eight 
models. The values are presented in Table 7.2. Taking into account all of these, 
the trade-off between macroeconomic and financial stability is considered to be 
costly except for the results from the model 6. Across all the observed interest 
rates, the responses of transaction apartments prices in the CR (excluding 
Prague) decrease more rapidly compared to decline in output.

Table 7.2: Average house price to output ratios

Model Variable representing ht Average ratio

Model 1 hl 2.27
Model 2 hi 0.02
Model 3 hi 0.80
Model 4 1.19
Model 5 hi 2.58
Model 6 h ? 7.57
Model 7 hoi 1.90
Model 8 ha? 3.07

In total, the above analysis of the Czech economic environment concludes 
that restrictive monetary policy aiming at reducing growth in house prices 
decreases output simultaneously. Overall, after examination of impulse re
sponses from VAR models and putting the results into the perspective brought 
by Williams (2015), it is concluded that in respect of house prices and GDP
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there is a conflict between macroeconomic and financial stability in the Czech 
Republic.

7.3 Final notes

Regarding the hypotheses of this thesis, the hypothesis number two generally 
holds by examining impulse response functions from the analyses in Chapters 
5 and 6. Overall, rise in interest rates comes at expense of reduced inflation 
and output. What is more, the reduction in output is examined to be mostly 
significant. When it comes to inflation, the thesis concludes that the actual 
annual growth in CPI attains negative values in most cases after one year since 
the monetary policy shock. Hence, there is an evidence for price puzzle.

As for the hypotheses number one and three, they are rejected due to in
significance deduced from the broad confidence intervals around response func
tions of house prices. For the sake of clarity, the first hypothesis can be tested 
trivially by defining the monetary policy shock to be minus one standard devi
ation of the corresponding interest rate. As a result, all of the IRFs from the 
econometric analysis would be converted.

The conclusions of this thesis can be put also into the context of scholars 
presented in Chapter 2. As mentioned earlier, Williams (2015) claims that there 
is a costly trade-off between macroeconomic and financial stability. In other 
words, the monetary policy action that aims at fighting price instability caused 
by surging house prices simultaneously negatively affects main macroeconomic 
indicators. As for another scholars, Jordá et al. (2015b) assert that an action 
of a monetary authority that tends to slow down boom in house prices causes 
deviation from macroeconomic goals.

In view of the particular results of impulse response analysis of other schol
ars, Otrok & Terrones (2005) also conclude that the unexpected monetary tight
ening significantly reduces economic performance. In comparison with findings 
of this thesis, the authors’ analysis claims that the responses of house prices 
are both negative and significant. Significant decrease in GDP in response to 
the monetary policy shock was also observed by Goodhart & Hofmann (2008).

In Section 6.3 there is some evidence for significant increase in house prices 
in reaction to the monetary policy shock. The same conclusion is brought by 
the contribution of Sá et al. (2011), whose analysis was executed on a panel 
VAR model for OECD countries. Response functions of house prices that are
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positive immediately after the monetary policy shock are presented also by 
Iacoviello & Minetti (2008).

Another repetitive result of the econometric analysis in this thesis was the 
effect of price puzzle in response functions of inflation. Significant increase in 
consumer prices in response to the monetary policy shock is observed also by 
Goodhart & Hofmann (2008), who estimated a panel VAR for 17 countries. 
Positive responses in price level were estimated also by Sá et al. (2011).

Overall, this thesis endeavours to elaborate how increase in interest rates 
affect house prices and main macroeconomic indicators within the Czech econ
omy. However, it is beyond the scope of this contribution to explore all of the 
potential factors determining the impact of monetary transmission.

For instance, there is still place to further explore how developments in the 
eurozone influences stability of domestic financial and macroeconomic variables. 
A certain study of Havránek et al. (2012) proposes the potential technical 
approach for the latter purpose. The authors provide with the so-called block 
analysis, which is estimation executed by a VAR model with restrictions on 
the matrix of coefficients. As a result, responses of the Czech variables to the 
shock outside the country can be generated. Hence, the potential emendation 
would be based on a block VAR model when more granular data are available.

What is more, the results of the thesis repetitively conclude on occurrence 
of price puzzle. This topic was further elaborated by Rusnák et al. (2013), 
who claim the effect is frequent when it comes to evaluation of the monetary 
transmission. Hence, another potential improvement of the empirical analysis 
could be presumably achieved by proper inspection of their contribution and 
consecutive adjustments to the methodology presented in Chapter 4.



Chapter 8

Conclusion

The effect of interest rates on house prices has gained a significant amount of 
attention among scholars. Indeed, the financial crisis in 2008 put even more 
emphasis on this topic. Generally, the crucial aim of this thesis is to elaborate 
whether a monetary policy that enhances financial stability through stabilizing 
house prices can also deteriorate economic activity. To put is simply, the latter 
can imply a question whether there is a trade-off between macroeconomic and 
financial stability within the Czech economy.

Overall, the thesis estimates how prices of apartments, family houses and 
grounds react to the monetary policy shock. This contribution also observes 
the responses of output and inflation. The baseline empirical analysis involves 
eight models that tend to capture developments in different house prices (Table 
5.1).

What is more, the models are estimated again in order to achieve additional 
evidence, however with different interest rates. In particular, the baseline anal
ysis is executed with three-month PRIBOR and the additional analyses with 
interest rates represented by the yield on government bonds or by the repo 
rate.

When it comes to the methodology, the econometric approach is based on 
a VAR model. The orthogonal monetary policy shock is retrieved via the 
Cholesky decomposition. The IRFs are normalized in order to obtain series 
explaining how the variables respond to the 1% increase in the interest rate 
(monetary policy shock).

As for the results, the thesis concludes that the restrictive monetary policy 
which aims at reducing house prices decreases output and inflation simulta
neously. Particularly, the effect on output is found to be significant and the
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responses of inflation show price puzzle in first quarters after the shock.
The contribution of Williams (2015) estimates, whether the macroeconomic 

stability comes at cost of financial instability. He calculates the ratios compar
ing the magnitude of decline in house prices and output two years after the 1% 
increase in the interest rate. The so-called trade-off ratios were computed in 
this thesis accordingly. Concretely, the calculation is performed in a way that 
the response functions of house prices are divided by the responses of output 
in the eighth quarter after the shock. Results are compared to the findings of 
Williams (2015) so that it can be concluded about proportion of macroeconomic 
stability which is lost in order to maintain financial stability.

This thesis deduces that within the Czech economy there is a costly trade-off 
between macroeconomic and financial stability, however the results are mostly 
insignificant. In particular, the baseline model 5.1 estimates that the average 
trade-off ratio is 3.22. The latter number means that the restrictionary mon
etary policy reduces house prices by 3.22% for 1% drop in output in average. 
The ratio is concluded to be costly for the domestic economy based on the 
threshold values provided by Williams (2015).

Overall, this thesis endeavours to elaborate how the monetary policy shock 
affects house prices and main macroeconomic indicators. However, it is beyond 
the scope of this contribution to explore all of the potential factors influencing 
the Czech macroeconomic and financial environment.

As for some possible extensions, the VAR model can be restricted in a 
way that the monetary policy shock from the Eurozone is obtained. This can 
be managed by the so-called block analysis that was explored by Havránek 
et al. (2012). Another potential improvement of the empirical analysis could 
be presumably achieved by the proper examination of the price puzzle effect as 
in the paper written by Rusnák et al. (2013).
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Appendix A

Appendix

Table A.l: Variables used in the econometric analysis

Variable Period (Source) Manipulation

Tfi 1999Q1 - 2017Q4 (Eurostat)
yt 1999Q1 - 2017Q4 (Czech National Bank) Fourth difference of log series
V 1999Q1 - 2017Q4 (Czech National Bank) Fourth difference of log series
hí 1999Q1 - 2017Q4 (Czech National Bank) Fourth difference of log series
hi 1999Q1 - 2017Q4 (Czech National Bank) Fourth difference of log series
hí 1999Q1 - 2017Q4 (Czech National Bank) Fourth difference of log series
hi. 2003Q1 - 2017Q4 (Czech National Bank)
h? 2005Q1 - 2017Q4 (Czech National Bank)
hai 2005Q1 - 2017Q4 (Czech National Bank)
haT 2005Q1 - 2017Q4 (Czech National Bank)
it 1999Q1 - 2017Q4 (Czech National Bank)
f%t 1999Q1 - 2017Q4 (Czech National Bank) Either in levels or first difference of log series
ssrt 1999Q1 - 2017Q4 (Reserve Bank of New Zealand)

N ote: T h e colum n of th e  tim e  period  show s intervals for orig inal series. T h e actu a l period m ight b e  therefore shorter d ue to

logarith m ic differencing. In case th e  colum n o f m an ip u lation  is em pty, th e  series w as used w ith ou t any further ad justm en ts.

Table A.2: Roots of the model 1

0.928 0.928 0.920 0.920 0.914 0.914 0.792 0.792 0.765 0.765
0.679 0.679 0.666 0.666 0.620 0.620 0.579 0.449 0.449 0.213

Table A.3: ARCH-LM test for model 1

Chi-squared: 945
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Table A.4: Roots of the model 2

0.833 0.833 0.827 0.827 0.796 0.796 0.573 0.573 0.390 0.117

Table A.5: ARCH-LM test for the model 2

Chi-squared: 975

Table A.6: Roots of the model 3

0.932 0.932 0.926 0.926 0.916 0.916 0.789 0.789 0.758 0.749
0.749 0.745 0.745 0.700 0.700 0.664 0.664 0.509 0.509 0.132

Table A.7: ARCH-LM test for the model 3

Chi-squared: 945

Table A.8: Roots of the model 4

0.929 0.929 0.926 0.926 0.902 0.902 0.782 0.782 0.755 0.755
0.728 0.728 0.673 0.673 0.625 0.625 0.565 0.565 0.492 0.131

Table A.9: ARCH-LM test for the model 4

Chi-squared: 945

Table A.10: Roots of the model 5

0.964 0.964 0.926 0.926 0.889 0.889 0.851 0.851 0.817 0.817
0.779 0.779 0.675 0.675 0.669 0.669 0.613 0.613 0.304 0.304

Table A.11: ARCH-LM test for the model 5

Chi-squared: 765

Table A.12: Roots of the model 6

0.970 0.970 0.952 0.952 0.951 0.951 0.878 0.878 0.864 0.864
0.778 0.778 0.725 0.725 0.725 0.725 0.642 0.642 0.626 0.062
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Table A.13: ARCH-LM test for the model 6

Chi-squared: 645

Table A. 14: Roots of the model 7

0.958 0.958 0.949 0.949 0.948 0.948 0.809 0.809 0.788 0.788
0.778 0.778 0.775 0.758 0.758 0.610 0.585 0.585 0.539 0.539

Table A.15: ARCH-LM test for the model 7

Chi-squared: 645

Table A.16: Roots of the model 8

0.951 0.951 0.931 0.931 0.919 0.919 0.866 0.866 0.841 0.841
0.825 0.825 0.792 0.792 0.792 0.792 0.657 0.657 0.656 0.656

Table A.17: ARCH-LM test for the model 8

Chi-squared: 645

Figure A.l: IRFs from the model 1

Orthogonal Impulse Response from Yield

95 % Bootstrap Cl, 100 runs
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Figure A.2: IRFs from the model 2
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Figure A.3: IRFs from the model 3
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Figure A.4: IRFs from the model 4
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Figure A.5: IRFs from the model 5
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Figure A.6: IRFs from the model 6
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Figure A.7: IRFs from the model 7
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Figure A .8: IRFs from the model 8
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Table A .18: Normalized responses from the model 1 (Bond Yield)

Quarter Inflation Output Apartments

2 0.143 -0.601 0.167
3 0.087 -0.528 1.202
4 0.476 -0.708 2.918
5 0.473 -1.207 2.601
6 0.652 -1.205 0.934
7 0.817 -1.259 -0.893
8 0.862 -1.507 -2.770
9 0.465 -1.440 -4.644
10 -0.004 -1.469 -5.895
11 -0.438 -1.741 -7.015
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Table A.19: Normalized responses from the model 2 (Bond Yield)

Quarter Inflation Output Family houses

2 0.160 -0.875 0.018
3 0.060 -0.622 1.205
4 0.335 -0.616 1.783
5 0.464 -1.245 1.587
6 0.847 -1.438 1.089
7 1.216 -1.096 0.460
8 1.264 -1.179 -0.022
9 0.857 -1.343 -0.650
10 0.218 -1.658 -1.491
11 -0.465 -2.126 -2.289

Table A.20: Normalized responses from the model 3 (Bond Yield)

Quarter Inflation Output Grounds

2 0.362 0.030 -0.069
3 -0.013 0.167 0.284
4 -0.106 -0.101 -0.096
5 -0.284 -0.734 -0.886
6 -0.189 -1.229 -1.391
7 -0.126 -1.129 -1.587
8 0.006 -0.976 -1.288
9 0.105 -0.811 -0.853
10 0.078 -0.660 -0.687
11 0.051 -0.640 -0.751



A. Appendix IX

Table A.21: Normalized responses from the model 4 (Bond Yield)

Quarter Inflation Output Total index

2 0.369 -0.728 -1.296
3 0.121 -0.453 -1.625
4 0.283 -0.789 -1.212
5 0.054 -1.478 -1.441
6 -0.168 -1.571 -1.820
7 -0.016 -1.543 -2.149
8 0.153 -1.623 -2.211
9 0.128 -1.218 -1.995
10 0.210 -0.774 -1.608
11 0.228 -0.704 -1.455

Table A.22: Normalized responses from the model 5 (Bond Yield)

Quarter Inflation Output Prague (transaction prices)

2 0.046 -0.403 -0.075
3 0.044 -0.897 -0.693
4 0.406 -1.216 0.095
5 0.343 -1.463 0.232
6 0.530 -1.344 -0.641
7 0.689 -1.242 -1.465
8 0.715 -1.355 -2.692
9 0.424 -1.157 -3.702
10 0.136 -1.157 -4.651
11 -0.263 -1.230 -5.557



A. Appendix X

Table A.23: Normaluzed responses from the model 6 (Bond Yield)

Quarter Inflation Output CR (transaction prices)

2 0.777 -0.567 1.975
3 0.736 -0.808 2.069
4 1.022 -1.259 2.488
5 0.789 -1.888 -0.629
6 1.056 -1.636 -4.517
7 0.598 -1.495 -6.252
8 -0.024 -1.450 -7.638
9 -0.577 -1.283 -8.022
10 -1.156 -1.408 -7.324
11 -1.319 -1.183 -6.512

Table A.24: Normalized responses from the model 7 (Bond Yield)

Quarter Inflation Output Prague (Asking prices)

2 0.982 0.120 2.398
3 1.135 0.240 2.877
4 0.875 -0.219 2.295
5 0.543 -0.818 1.652
6 0.237 -1.296 0.415
7 -0.156 -1.524 -0.889
8 -0.325 -1.515 -1.860
9 -0.376 -1.236 -2.371
10 -0.313 -0.804 -2.553
11 -0.245 -0.358 -2.411



A. Appendix XI

Table A.25: Normalized responses from the model 8 (Bond Yield)

Q uarter Inflation O utput CR (Asking prices)

2 1.208 -0.416 1.730
3 1.025 -0.804 2.039
4 0.946 -0.997 1.563
5 0.459 -2.068 -0.385
6 0.129 -2.262 -2.864
7 -0.268 -2.009 -4.065
8 -0.488 -1.520 -4.243
9 -0.585 -0.840 -4.435
10 -0.507 -0.259 -3.936
11 -0.453 0.069 -3.492

Figure A.9: IRFs from the model 1

Orthogonal Impulse Response from Repo

95 % Bootstrap Cl, 100 runs



A. Appendix XII

Figure A. 10: IRFs from the model 2

Orthogonal Impulse Response from Repo

0 1  2 3 4 5 6 7 3 9  10

95 % Bootstrap Cl, 100 runs

Figure A. 11: IRFs from the model 3

Orthogonal Impulse Response from Repo

95 % Bootstrap Cl, 100 runs
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Figure A. 12: IRFs from the model 4

Orthogonal Impulse Response from Repo

0 1  2 3 4 5 6 7 8 9  10

95 % Bootstrap Cl, 100 runs

Figure A. 13: IRFs from the model 5

Orthogonal Impulse Response from Repo

o

0 1  2 3 4 5 6 7 8 9  10

95 % Bootstrap Cl, 100 runs



A. Appendix XIV

Figure A. 14: IRFs from the model 6

Orthogonal Impulse Response from Repo

95 % Bootstrap Cl, 100 runs

Figure A. 15: IRFs from the model 7

Orthogonal Impulse Response from Repo

0 1  2 3 4 5 6 7 8 9  10

95 % Bootstrap Cl, 100 runs



A. Appendix XV

Figure A. 16: IRFs from the model 8

Orthogonal Impulse Response from Repo

95 % Bootstrap Cl, 100 runs

Table A.26: Normalized responses from the model 1 (Repo rate)

Q uarter Inflation O utput Apartm ents

2 0.400 1.124 4.013
3 0.951 0.728 10.564
4 0.340 0.120 10.435
5 0.279 -0.618 6.404
6 0.697 -2.170 1.046
7 0.371 -2.450 -3.661
8 0.080 -1.614 -4.587
9 -0.083 -1.151 -3.950
10 -0.610 -0.769 -3.684
11 -0.849 -0.483 -3.791



A. Appendix XVI

Table A.27: Normalized responses from the model 2 (Repo rate)

Quarter Inflation Output Family houses

2 0.904 1.522 1.691
3 1.204 1.695 3.703
4 0.942 0.973 4.909
5 0.514 -0.051 4.861
6 0.141 -0.946 3.741
7 -0.086 -1.480 2.054
8 -0.173 -1.615 0.346
9 -0.174 -1.441 -0.980
10 -0.149 -1.097 -1.738
11 -0.134 -0.712 -1.945

Table A.28: Normalized responses from the model 3 (Repo rate)

Quarter Inflation Output Grounds

2 0.267 1.130 -0.450
3 1.056 0.828 0.943
4 0.964 0.094 2.015
5 0.466 -0.740 1.327
6 0.671 -1.961 0.191
7 0.531 -2.258 -0.513
8 0.045 -1.464 -0.812
9 -0.066 -0.938 -0.787
10 -0.332 -0.761 -0.544
11 -0.629 -0.531 -0.622



A. Appendix XVII

Table A .29: Normalized responses from the model 4 (Repo rate)

Quarter Inflation Output Total index

2 0.234 1.245 2.032
3 0.931 0.889 5.879
4 0.469 0.158 6.641
5 0.216 -0.644 4.318
6 0.774 -2.139 1.317
7 0.577 -2.506 -1.000
8 0.092 -1.509 -1.665
9 -0.049 -0.938 -1.676

10 -0.557 -0.785 -1.868
11 -0.968 -0.541 -2.374

Table A.30: Normalized responses from the model 5 (Repo rate)

Quarter Inflation Output Prague (Transaction prices)

2 0.637 1.705 2.464
3 1.493 2.018 8.586
4 1.575 1.609 8.064
5 0.763 0.664 3.019
6 0.793 -1.552 -1.984
7 0.547 -2.991 -6.117
8 -0.529 -2.405 -6.263
9 -0.812 -2.053 -5.407
10 -0.994 -1.892 -4.731
11 -0.983 -1.086 -4.172



A. Appendix XVIII

Table A.31: Normalized responses from the model 6 (Repo rate)

Quarter Inflation Output CR (Transaction prices)

2 1.073 0.256 11.957
3 0.805 -0.680 22.030
4 1.353 -0.256 23.597
5 1.880 -0.302 13.367
6 3.079 -0.851 1.161
7 2.258 0.603 -6.836
8 -0.607 2.198 -4.195
9 -2.157 0.806 -0.254
10 -3.766 -1.590 4.061
11 -4.373 -2.759 7.844

Table A.32: Normalized responses from the model 7 (Repo rate)

Quarter Inflation Output Prague (Asking prices)

2 1.375 1.493 2.866
3 1.897 1.161 4.768
4 1.468 0.531 6.245
5 0.712 -0.601 3.666
6 0.503 -2.350 2.268
7 -0.089 -2.639 -0.881
8 -1.084 -1.931 -3.903
9 -0.741 -1.937 -3.733
10 -0.491 -1.471 -3.407
11 -0.533 -0.544 -3.097



A. Appendix XIX

Table A.33: Normalized responses from the model 8 (Repo rate)

Quarter Inflation Output CR (Asking prices)

2 1.224 1.704 9.901
3 1.988 1.235 15.514
4 1.604 0.912 15.058
5 1.067 -0.489 11.860
6 0.885 -2.558 5.999
7 0.061 -2.195 1.678
8 -1.251 -0.826 0.136
9 -1.160 -0.303 -1.256
10 -0.853 -0.056 -2.430
11 -0.826 0.386 -1.468
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