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Abstrakt

Niederle T. Srovnani monetarnich politik Evropské centralni banky a vybranych
evropskych centralnich bank v obdobi krize, diplomova prace, Brno: Mendelova uni-
verzita v Brné, 2015.

Tato diplomova prace se zabyva vlivem monetarni politiky na ekonomicky vykon
v eurozoné, v Ceské republice a v Polsku. Studie se soustiedi na rozdilné reakce
ekonomického vystupu na zmény v ménové zasobé v podobé penéznich agregati
M1, Sirstho agregatu M2 a realnych drokovych mirach vypoctenych z hodnot EURI-
BOR, PRIBOR a WIBOR. Tyto rozdily jsou zkoumany s pouZitim Grangerovy kauzal-
ity. Vysledky prezentuji statistické diikazy o vlivu ménové zasoby a realné urokové
miry na realny vystup v Eurozéné, v Ceské republice a v Polsku ve smyslu
Grangerovy kauzality. V praci jsou také ménové politiky porovnavanych centralnich
bank popsany a vzajemné porovnany vyuZitim Taylorova monetarniho pravidla

Klic¢ova slova

Monetarni politika, Grangerova kauzalita, Taylorovo pravidlo, realny produkt,
Evropska centralni banka, Ceska narodni banka, Polska narodni banka

Abstract

Niederle T. Comparison of monetary policies of the ECB and selected European na-
tional banks in the post-crisis period, Diploma thesis, Brno: Mendel University in
Brno, 2015.

This diploma thesis investigates the impact of monetary policy upon economic per-
formance in the Eurozone, the Czech Republic and Poland. The research focuses on
differences in sensitivity of output on money supply in form of monetary aggregates
M1 and broader M2 and Real Interest Rate calculated from the EURIBOR, PRIBOR
and WIBOR. The sensitivity is examined using Granger causality. The thesis proves
whether money supply and real interest rate granger causes real output in the Eu-
rozone, the Czech Republic and Poland. Also monetary policies of the selected cen-
tral banks are described and compared using Taylor monetary rule.

Keywords

Monetary Policy, Granger Causality, Taylor Rule, Real Output, the European Central
bank, the Czech National Bank, the National Bank of Poland
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1 Introduction and Motivation

The integration process of the European Union as well as the Eurozone has been an
extensively discussed topic over the last few decades. All members of the European
Union have agreed to transfer part of their national sovereignty to the supranational
organizations. Almost all member states, except of Denmark and the United King-
dom, have already transferred their monetary policy authority to the European Cen-
tral Bank by adopting the euro as their official currency or are bound to join the
Eurozone in the future because of their liabilities connected with entering to the Eu-
ropean Union.

When the financial crisis spread from the United States of America across the ocean
and transformed into the economic crisis in the European Union and its member
states in 2008, the new questions raised about ability of the monetary union and its
monetary authority to react in efficient way and reduce the impact of the crisis over
its economy and economy of its members. Other European countries with their own
independent monetary policy authorities were affected directly by the economic cri-
sis as well. Unusual circumstances for central banks have been brought by it. This
crisis therefore created amazing opportunity to examine how particular central
banks will act and what effect it will have on their economies.

My motivation for writing a diploma thesis on the topic “Comparison of monetary
policies of the ECB and selected European national banks in the post-crisis period” is
based on this occasion. The consequences of the European Central Bank actions to
the Eurozone area could be compared with the consequences for the selected mem-
bers of monetary union and also with the actions of national banks of the EU mem-
ber states that stand out of the authority of the ECB with their own currency and
independent monetary policy. These policies should be compared and evaluated
within this thesis. Countries from the similar geographic region are chosen for this
comparison. Therefore impact of the ECB to Germany, as the biggest Eurozone’s
economy, and to Austria, as an example of small open economy member of the Eu-
rozone should be compared with the actions of the National Bank of Poland and the
Czech National Bank and consequences for their economies.

The Diploma thesis should not only answer the questions whether the economic
performance of selected European countries were similarly reacting on the mone-
tary policy actions of the compared central banks or their reactions somehow dif-
fered, but the thesis should evaluate an impact of these central banks upon economic
performance as well.
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The thought of potential acceptance of the Euro as national currency in the Czech
Republic and in Poland is also often discussed topic in these countries. Opponents
of euro acceptance use frequently an argument that loosing of ability to manage in-
dependent monetary policy is large cost of the euro acceptance and it is better to
remain for these states with its own currency. It is hoped that the Diploma thesis
should contribute to the this larger discussion concerning the impact of the Mone-
tary policy over the economic performance within the Eurozone, its members Ger-
many, Austria and countries that are obliged to entry the monetary union in future,
the Czech Republic and Poland.
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2 Objectives and Methodology

2.1 Objectives of the thesis

The diploma thesis “Comparison of monetary policies of the ECB and selected Euro-
pean national banks in the crisis period” focuses on the impact of monetary policy
over economic performance of selected European economies. First of all it evaluates
historical data of the Eurozone as a whole economy and effects of the monetary ag-
gregates policy on it and compare it not just to the other European economy systems
of the countries with independent national monetary policy makers in case of the
Czech Republic and Poland, but the thesis also compare Eurozone monetary policy
effects over selected members of the Eurozone. Germany and Austria were nomi-
nated as representatives of the member states over which the effects are examined.

Findings of the thesis should consist of answer to the main research question:

1. Whatare essential differences among the Eurozone’s, Czech and Polish economies
responsiveness to the monetary policy set by their monetary authorities?

The thesis should answer other partial research questions as well. These are as fol-
lows:

1. Do selected central banks drive similar monetary policies? Does exist any crucial
differences among them?

2. Is monetary policy effective in case of selected European economies? Does histor-
ical quarter data obtained for periods from 1999 to 2013 and from 2009 to 2013
give prove of expected responsiveness of the output to the monetary policy ma-
nipulation as it should according to the economic theory in selected compared
European economies?

3. How is the common monetary policy effecting economies of particular member
states of the Eurozone?

The thesis also compare and evaluate selected banks approach to the Taylor mone-
tary rule. Could the Taylor rule be a good lead for these central banks?
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2.2 Methodology used in the thesis

For the purpose of the diploma thesis research, the empirical study includes multi-
variate regressive modelling in sense of Granger causality. Taylor rule and its com-
parison with actual short-term interest rates for the Eurozone, the Czech Republic
and Poland are also examined in the thesis. At the last but not least the comparative
and deductive methods are used as well.

The structure of diploma thesis “Comparison of monetary policies of the ECB and se-
lected European national banks in the crisis period” is as follow:

First chapter “1 Introduction and Motivations” and chapter two - “2 Objectives and
Methodology” are introduction chapters and contain motivation of the author, ob-
jectives of the thesis, and thesis methodology.

Chapter three “3 Literary review” contain theoretical background for the purpose of
the further research. The chapter is important to comprehend elementary back-
grounds of the monetary policy, central banking and models used further in the the-
sis. The results of similar researches and its comparison is also included in this chap-
ter.

Chapter four - “4 Empirical Analysis” as main part of the thesis is connected with
research of the historical data of compared economies. The chapter contains four
main sub-chapters. Nominal data used for the research were obtained from the sta-
tistical databases as follow:

e EUROSTAT database

e European Central Bank

e Ceska Narodni Banka (Czech National Bank)

e Narodowy Bank Polski (National Bank of Poland)

These observed data were deflated to the real form by Harmonised Index of Con-
sumer Prices 2005 deflators of the particular examined economy.

First sub-chapter “4.1 Inflation targeting and application of the Taylor rule over com-
pared economies” deals with monetary strategy in sense of inflation targeting of the
compared central banks and associates actual inflation during observed period with
target inflation. This is done because inflation targeting is currently believed in the
mainstream economic theory to be an optimal stabilization monetary policy. Second
part of this sub-chapter elaborates Taylor rule which represent a monetary rules as
a guideline for central banks. That means that it allows central bankers to calculate
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an interest rate that should be used for current economic conditions using relatively
simple formula. In this section actual interest rates of the ECB both for whole area
particular compared members Germany and Austria, the CNB for the Czech Republic
and the NBP for Poland are compared with the Taylor rule recommendations.

Second sub-chapter - “4.2 Unit root of compared time series” is concerned with a fea-
ture of processes that evolve through time that can cause problems in statistical in-
ference involving models from the obtained time series of economic data. Time se-
ries used in this thesis must be deprived of a common trend for further examination
in the thesis and thus they could be considered stationary. For this purpose, time
series are tested with Augmented Dickey-Fuller test for stationary process whose
joint probability distribution does not change when shifted in time. The testing pro-
cedure for the ADF test is as follow:

Ays=a+ Be+yye—1 + 64y, 4 + 5p—1AYt—p—1 + & (1)

The equation (1) contains « as a constant, 3 as the coefficient on a time trend and p
as the lag order of the autoregressive process. Imposing the constraints a = 0 and
B = 0 corresponds to modelling a random walk and using the constraint 8 = 0 corre-
sponds to modelling a random walk with a drift. The unit root test is then carried
out under the null hypothesis y = 0 against the alternative hypothesis of y < 0. The
chapter also deals with the non-stationarity in form of common trend if it is ob-
served within any researched time series.

Sub-chapter 4.3 “Granger Causality among variables of the Eurozone, the Czech Re-
public and Poland” is related to the influence of changes in real interest rate and
monetary supply that is represented by monetary aggregate M1 and broader M2
aggregate upon economy growth in sense of real gross domestic product in two dif-
ferent periods. The first period is longer and should be statistically more precise.
This period contains quarter data from first quarter 1999 to the fourth quarter
2013. This longer period is furthermore called long period. The second period is
concerned by the influence of variables M1, M2 and RIR on the GDP within the years
2009 and 2013. This shorter period is called furthermore in the thesis post-crisis
period. Author is aware of the fact that post-crisis period of time is probably too
short for showing significant results, but it is tested anyway. As a basic interest rates
for calculations of real interest rates are used tree-month EURIBOR rate as Eurozone
representative interest rate, tree-months PRIBOR rate as Czech representative in-
terest rate and tree-months WIBOR rate as Polish representative interest rate. The
influence of the variables are for the purpose of this thesis examined with multivar-
iate regression analysis in sense of Granger causality. Granger causality is examined
also for added lagged values of selected stationary variables from one to six lags for
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demonstrating association in sense of Granger causality between real monetary ag-
gregate M1, real monetary aggregate M2 and real gross domestic product (real GDP)
and for modelling causal relationship between real interest rate (RIR) and real gross
domestic product.

Every sub-chapter of chapter four includes also a summary of results.

The fifth chapter “5 Discussion” and sixth chapter “6 Conclusion” are concluding
chapters that summarises the results and provides recommendations for economic
policies of analysed economies.

The following chapter “7 References” contains a list of authors in alphabetical order
and their literature that has been used as a theoretical background for completing
this thesis. Appendixes containing complete results of the Granger causality testing
and correlograms of time series used for purpose of this thesis are placed at the end
of this thesis in the Appendix A Correllograms and Appendix B Granger causality.
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3 Literature Review

The purpose of the literature review in this diploma thesis is to gather information
about possible ways of monetary policy that can be applied by central banks and
also historical researches on this topic, the structure and aims of the European Cen-
tral Bank (the ECB) for the Euro Area, Germany and Austria and other selected Eu-
ropean national banks - the Czech National Bank (the CNB) for the Czech Republic
and the National Bank of Poland (the NBP) for Poland.

3.1 Monetary policy

Monetary policy belongs with a Fiscal policy among state policies which purpose is
to influence and guide healthy economic grow. Monetary policy has an important
role in determining the inflation rate, especially over the long term, because the in-
flation rate in the long term is crucial to manage the money supply. Taylor and We-
erapana (2012) point importance of monetary policy on negatively correlated infla-
tion with long term economic growth and they also shows it on theory of economic
growth. This theory proposed by them tells that a lower capital growth and lower
technological growth reduce economic growth. Monetary policy makers prefer to
implement anti-cyclical policies to minimize fluctuations in the GDP. The main
power over the monetary policy is embodied to the central banks with different in-
dependence over state government - the ECB, the CNB and the NBP for purpose of
this thesis.

Mandel and Tomsik (2003) have identified three internal macroeconomic goals of
monetary policy (natural rate of unemployment, continuous and adequate economic
growth and stable price level growth) and one external goal (balance of payments
equilibrium).

Fender (2012) introduces three strategies for achieving monetary policy macroeco-
nomic objectives:

¢ Inflation Targeting
e Monetary Targeting
e Nominal Income as a Target.

The Inflation Targeting became to be a primary goal for the most European central
banks including the ECB, the CNB and the NBP since 90s of the 20t century. The
stable price level stability has been defined by Alan Greenspan (1996) as situation
when inflation is so low than economical subjects do not take it into consideration
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when they create prediction of future prices of their goods and services. Two per-
cent growth is commonly considered as stable rate. Fender (2012) assumes combi-
nation of inflation targeting and nominal GDP targeting to be the most reasonable
alternative for central banks. At the same time he points that it has so far not been
tried by any central bank and it is not advocated by any serious commentators as he
has added.

The control of monetary aggregates M2 (currency, checking deposits, time deposits,
saving deposits and other deposits on which check writing is limited or not allowed)
stock or M3 (M2 plus large time deposits, institutional money market funds, short-
term repurchase agreements and other larger liquid assets) stock were seen as pri-
mary target of monetary policy before the modification of monetary policy into in-
flation targeting. Money stock targeting still survives as an important part of the
monetary policies of the central banks and even the ECB, which primary policy is
run to inflation targeting, has built second pillar of its policy on the monetary aggre-
gate M3 growth (Poloucek, 2003).

The reason for leaving the Monetary targeting since 90s of 20th century is described
by Miles, Scott and Breedon (2012) as the problem of money creation power of com-
mercial banks through their credit policies, rather than something that is under the
direct control of central banks. Central bank can use interest rates only to influence
the cost at which a commercial bank can borrow and cannot be fully certain whether
this cost change in lending rates will affect demand for loans.

Mandel and TomsSik (2003) sees two problems that could be connected with set
lower inflation target on the lower level than needed in case of smaller economies.
Firstly the central bank could be forced to keep output gap in the economy to create
disinflationary pressure and the second problem could be higher interest rate that
leads to capital inflow to the economy and thus to the appreciation of exchange rate
and negative effects on the export.

3.1.1 Practical aspects of the money’s role in the economy

Money provides an essential foundation for economy. It delivers a three important
functions within it:

e Medium of exchange
e Unit of account

e Store of value
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“

Taylor and Weerepana (2012) defines money as: “...that part of a person’s wealth
that can be used readily for transactions.”

Nowadays, money supply is defined as the sum of currency and deposits at banks
and this definition just vary about types of deposits what should be included (mon-
etary aggregates M1, M2 and M3). The relationship between money supply and eco-
nomic output is summarized within the Quantitative Theory of Money.

The Quantitative Theory of Money states that money supply has a direct, propor-
tional relationship with the price level. The Quantity Equation of Money is the equa-
tion relating the price level with the real gross domestic product (real GDP), to the
quantity of money on the market (Money supply) and the velocity of money. The
real GDP is a nominal gross domestic product in prices of the current period deflated
by inflation to the prices of the selected base year (GDP deflator). The term velocity
measures how frequently money is turned over in the economy. Modern equation
was developed by Irving Fisher in 1930 (Friedman and Schwartz, 1982):

Money supply x velocity of money= GDP deflator x real GDP (2)

The Quantity Equation of Money indicates how an increase in the money supply is
related to increase in the GDP deflator (inflation) under condition that velocity and
real GDP are not affected by this change. Taylor and Weerapana (2012) have pointed
that according to the quantity equation, along a long-run economic growth path in
which real GDP is equal to potential GDP growth, an increase in money growth will
result in increase in inflation of the same size unless velocity changes.

As McCallum and Nelson (2011) emphasize the Quantity Theory of Money focus on
the prediction of a long-run proportionate reaction of the price level to an exoge-
nous increase in the nominal money stock. The nominal homogeneity conditions
that deliver the quantity-theory result are the same as those that deliver monetary
neutrality, an important principle of monetary policy formulation. They stress that
the Quantity Theory of Money implies a ceteris paribus unitary relationship be-
tween money growth and inflation.

Miles, Scott and Breedon (2012) describe similar performance of different monetary
aggregates as only theoretical concept. In practice they should behave in different
ways. Therefore it is not easy task for the central bank to recognize which monetary
aggregate is the right one to create policy targeting on it. Central banks debated to
the relative merits of each monetary aggregate and they often switch from one mon-
etary aggregate to another. However, none of them proved reliable. According to this
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experience the Goodhart’s Law was recognized. This law says that,any observed sta-
tistical regularity will tend to collapse once pressure is placed upon it for control pur-
poses” (Goodhart, 1984) Therefore this statement could be understand that any ob-
served regularity between a monetary aggregate and inflation will break down in
exactly the same time when central bank choose to exploit this aggregate for pur-
poses of the Monetary Policy.

Czech economist Kapounek (2011) argues that the stable money demand function
is crucial for predictable impact of the money supply on the macroeconomic varia-
bles such as inflation and real economic growth. The author describes instability of
money demand according to assumptions of money endogenity. Hence, central
banks have just a particular influence over money supply, they cannot fix the stock
of money in the country. He proves his statements on the empirical data observed
in Europe in period from September 2008 to end of the 2009 when despite the ECB
ran strong monetary expansion by lowering official interest rates to historical min-
imum, there has been no increase in the intermediate and broad money.

The interest rate is still the most important instrument for the central bank policy
makers. It is related positively to inflation and negatively to output. Under normal
conditions a cut in interest rates should give a short term improvement in economic
activity that will soon be offset by grow of the price level - inflation. Therefore low-
ering short-term interest rate should give to the economy a short-run “lift” and vice
versa.

John Taylor (1993) designed a nowadays well known formula that could be easily
applied to calculate optimal short-term interest rate in case when formula fits to
current conditions of the economy for which is rate calculated. This formula is
named after its designer - the Taylor’s rule, and belongs among monetary policy
rules that can be used to assistant in policy maker’s decisions.

On the other hand Swedish famous economist Lars Svensson (2003) recommends
using of instrumental rules such is the Taylor rule only as guidelines and he consid-
ers them to be inadequate for monetary policies driven by central banks in Europe.
His criticism of the monetary rules is primarily based on the fact that their formula-
tion is backward looking description of inflation targeting and they should not serve
as a normative recommendations for future monetary policy creation.

In Svensson (2000), author also compare the strict inflation targeting monetary
strategy with flexible inflation targeting, where monetary policy strategy has addi-
tional objectives. His results indicate that strict inflation targeting implies a strong
use of the direct exchange rate channel for stabilizing inflation for short period of
time. On the other hand, flexible inflation targeting ends up stabilizing inflation for
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longer period, and thereby stabilizes real exchange rates and other variables to a
significant range. He states that in comparison with the Taylor rule, the inflation tar-
geting in an open economy responds to more information, in particular to foreign
disturbances.

Taylor (2001) argues that a monetary policy rule that reacts directly to the exchange
rate, as well as to inflation and output, sometimes works worse than policy rules
that do not react directly to the exchange rate and it could avoid more unpredictable
fluctuations in the interest rate. On the other hand Taylor (2002) indicates that mon-
etary policy in open economies is different from that in closed economies. Open-
economy policymakers seem averse to considerable variability in exchange rate. In
his view they should target a measure of inflation that filters out transitory effects
of exchange rate fluctuations.

3.1.2 The Transmission Mechanism

The monetary transmission mechanism is one of the most studied areas of monetary
economics. It is the process through which monetary policy decisions are transmit-
ted into changes in real GDP and inflation. Financial market changed their way of
function over last thirty years dramatically. Hence, the conduct of monetary policy
has changed in dramatic ways as well with increasing focus on price stability. Mon-
etary policy fluctuations are uncertain and work with the lag. Hence an understand-
ing to the transmission mechanism of monetary policy current decisions and also
how they perform in present and they will perform in the future real economy is
essential for realizing of a quality and successful monetary policy by central banks.
Fender (2012) publicised following seven impacts of monetary policy by which ag-
gregate expenditure components of real economy could be influenced:

4. Direct Effects on Consumption
4.1. Substitution effect of individuals consumption
4.2. Income effects for borrowers and lenders

4.3. Change in consumption of credit-constrained individuals when interest
rates change.

5. Direct Effects on Investment
Effects of Higher Share Prices
6.1. Rise of consumption because of the wealth effect of higher share prices

6.2. Rise of investment through “Tobin’s q“1 effect

1 Tobin’s q effect is named after James Tobin (1969) who set q as a market value of firms divided by
the replacement costs of capital including factor of interest rate. When the q is high interest rate is
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7. Effect of Higher House Prices
7.1. Wealth effect? of change in house prices on consumption

7.2. A changed relative price of housing tends to change consumption of non-
housing goods and services

7.3. Change of house prices changes the amount of house building
8. Effects of Higher Bond Prices
8.1. Wealth effect of higher bond prices on consumption

8.2. A change in bond prices may change the net worth of firms and hence the
investment

9. Effects of a Appreciated/Depreciated Currency

10. Effects via Expectations

Other authors such as Boivin, Kiley and Mishkin (2010) categorize monetary trans-
mission mechanism into two basic types of channels. First type is neoclassical chan-
nels based on theoretical assumption of financial market perfections and second
type is non-neoclassical channel grounded on assumption of market imperfections.
Authors based this categorization on their research over data sets of real GDP and
components of private expenditure in the US economy in periods from 1962Q1 to
1973-Q3 and 1984Q1 to 2008Q4. Empirical results of the research reveal difference
between the periods in the correlation of real GDP growth and private expenditure
(positive correlation in the case of first period and negative one in the second). Ac-
cording to the result of their research it could be considered as an evidence of po-
tential differences within different economies over time.

Among neoclassical channels of the Monetary Policy belongs:

¢ Investment based channels (Interest rates, cost-of-capital and Tobin’s q) -
These channels states that changes in short-term policy rates affect the cost of
capital for consumers and business investments.

e Consumption based channels - Short-term interest rates change affect dis-
counted present values or Tobin’s Q for various types of assets, and these

low which means value of firm is high relative to replacement costs of capital. So firm can easily raise
money for investment expansion.

2 Wealth effect is according to Brumberg & Modigliani (1954) is based on exchange between money
keeping and demand for non-financial assets. When interest rate gets lower the demand will increase
prices of these assets.
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changes in the market value of assets induce changes in according consump-
tion. This is called the Wealth effect. In the intertemporal substitution effect is
the slope of the consumption profile affected by a short term interest rate
change.

e International trade based channels — Changes in short-run policy interest rates
induce changes in the exchange rate through uncovered interest parity and
portfolio balance effects.

The non-neoclassical channels are known also as ,credit view” channels. According
to authors (Boivin, Kiley and Mishkin - 2010) classification is as following:

e Regulation induced credit effects - Restrictions on financial institutions such
deposit rate ceilings or credit restrictions affect spending through.

¢ Bank based channels - Banks play a specific role addressing problems of asym-
metric information for certain borrowers. Hence, decreases in bank’s lending
capacity impact spending in economy and vice versa.

¢ Balance sheet channel - Changes in net worth associated with the asset price
effects of monetary actions modify external finance premium facing firms and
households.

Real effect of the transmission mechanism of the monetary policy to the economy
output was subject of many researches. One of the first econometric attempts to es-
timate the effect of money appears in the work of Friedman and Meiselman (1963).
Authors tested which policy is more important to determining nominal income
whether it is monetary or fiscal policy. They compared nominal income, output,
price level, autonomous expenditures, monetary aggregates and other variables ap-
plicable to nominal income. Authors stated in the conclusion of their research that
it exists more stable and statistically significant effect of monetary policy over out-
put than it is in the case of the fiscal policy. On the other hand, the research used
nominal income as dependent variable, hence this approach does not directly states
how a change in nominal spending is divided between change in real output and the
growth of prices.

J’?=}’t+Pt=3’3+Z, a;Aq_; + ‘ bm“+z czt_i+£y,(3)
1=

Other authors tried examine the transmission mechanism with the approach of
Granger causality. Important note about the Granger causality is that it is not a
proper causality as philosophy understands it. The Granger causality is a statistical
kind of causality referred by author whenever “causality” is mentioned. The meth-
odology of causality in Granger sense (Granger 1969) is built on idea that time series
Y Granger cause time series X, relative to vector of time-series including X and Y as
components (U), if predictions of X(t) based on U(s) is improved in comparison with
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predictions without Y. [t means, that it is tested whether coefficients bi of the equa-
tion (2) are equal to zero.

First introduction of the Granger causality idea to the scientific debate over real ef-
fect of money over economic output was presented by Sims (1972), the winner of
the Nobel Prize in Economic Science for his "...empirical research on cause and effect
in the macroeconomy”. The variable of money supply is said to Granger cause output
only if adding lagged values of money helps forecast output, which has been clarified
by past values of output. Sims used levels of nominal gross national product of the
USA and both M1 monetary aggregate and the monetary base as money supply. He
found an evidence that money Granger causes gross national product. According to
results of his research he stated that the past behaviour of money supply supports
prediction of the future gross national product.

Sims also compared the USA with Germany in his other research (1980) where he
used an index of industrial production to measure real output and found explanation
of output variation by money was reduced when a nominal interest rate is added to
the model, so that y consists of the log price level and an interest rate. Therefore it
seems that sensitivity of model’s conclusion model is high to the specification of the
set of other variables included in the equation. In this research Sims also draw at-
tention to higher sensitivity of the German economy for the shocks than in case of
higher and closer economy such as the USA. According to his results it could be ex-
pected similar behaviour of the smaller economies such as Czech, Poland and also
member states of the Eurozone compared to the Eurozone as whole economy.

Buiter (1981) tested in his research the Granger causality relationships between de-
velopment of the money supply and output of the economies. Empirical results of
his research stated just one side Granger causality from development of the money
supply to development of the output, but not vice versa.

Eichenbaum and Singleton found in their research (1986) that money supply seems
to be less significant if variables are quantified as their log first differences form ra-
ther than in form of log levels with a time trend.

Czech economist Izak (1995 and 1997) performs several Granger causality tests. In-
put data for his research were in nominal form, they were non-stationary trended
and used times series were observed from very short period. The result of the re-
search was identified impact of the broader monetary aggregate M2 to GDP in the
Czech Republic without lags, but not vice versa.
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Tomsik and Viktrova (2005) point problems connected with use of the data in nom-
inal and non-stationary form. They see results of such a testing as probably biased.
To avoid these problems they use in their research analysis stationary time series
deflated to their real form (real GDP, real M2 monetary aggregate and as interest
rate 1-year PRIBOR). Result of their analysis shows dependence of real M2 on real
GDP and real GDP on real interest rate, but not vice versa.

3.1.3 Ineffectiveness of the monetary policy - the Liquidity trap

The global crisis brought back into the economical discussions the term liquidity
trap. Many authors slightly differ in the definition of it. Taylor and Weerapaana
(2012) describe liquidity trap as:,,...a situation in which increases in the money supply
(liquidity) do not lower the interest rate any further; the interest rate is at or near
zero.” Miles, Scott and Breedon (2012) explain situation of liquidity trap as ex-
tremely low inflation or even deflation and a large output gap at the same time in
affected economy.

Central banks cannot decrease nominal interest rate under zero under all circum-
stances. Hence, Taylor and Werapaana (2012) propose a possible scenario for cen-
tral banks of economies in the liquidity trap. Central banks can continue to boost the
money supply by increasing reserves instead. This is called quantitative easing.
Quantitative easing have three identified channels by which it could have a real ef-
fect on the economy:

e Expectations channel - Central bank might convince the private sector that
economy is more likely to recover and inflation is more likely to rise.

e Excess monetary base channel - Central bank inject excess amount of money
into the economy, hence the private sector in general is more willing to invest
in non-monetary assets like loans.

e Purchases of financial assets channel - Injection of money into the economy
through large scale open market operations. Banks can inject money indirectly
focusing on government debt (like in UK after 2008) and as a result encourage
investors to sell safe government debt and buy more risky investments. Direct
approach3 (the FED and the ECB after 2008) means purchasing risky assets di-
rectly.

Svensson (2003) suggested to focus on expectation channel to deal with liquidity
trap. Recommended instrument for escape from this critical position of the economy
for the monetary policy according to author is an expected future real interest rate.

3 Also known as qualitative easing (Miles, Scott, and Breedon, 2012)
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Therefore central banks have to manipulate private sector beliefs, what would make
this sector have faith in future inflation. Therefore, the real interest rate would fall,
and the economy would soon emerge from recession. But even Svensson acknowl-
edges that manipulation with public believes is not easy and it can negatively affect
future credibility of the central bank.

Krugman (2008), on the other hand, enhances that for credible central bank, such is
the ECB, is even harder to convince private sector believes. If the bank run expan-
sionary policy and injects huge amounts of money to the economy the private sector
can still believe in the banks high credibility in the future and do not change its ex-
pectations over future prices increase. The public expects that whatever the credible
central bank may do now, given the chance in the future, it will return to steady
prices near their present intensity. Krugman also with other economists (Miles,
Scott, Breedon, 2012, Fender 2012, etc.) recommends expansionary fiscal policy to
be a better response of government for economy within a liquidity trap situation.

3.2 Central bank - the European Central Bank, the Czech
National Bank and the National Bank of Poland

Central banks have not direct authority over monetary base or real interest rates as
mentioned in subchapters above. They can only control some instruments to influ-
ence these important parts of the economy. These instruments are called instru-
ments of central bank and among them belong interventions on foreign exchange
market, minimal interest rates, open market operations, minimal reserves etc. Min-
imal interest rate represent a minimal price for which central bank lend money to
the commercial banks over set period of time. Open market operations regulate
amount of money on the money market by purchasing or selling state bonds. If the
central bank would like to set a restrictive policy over the economy, it has to sell the
government bonds and this action lowers money supply on the money market. If the
central bank would like to support economy by increase of money supply it just do
opposite and buy government bonds from the public. (Mankwin, 2008)

3.2.1 Role of central banks independence in the monetary policy

Monetary policy is a constant struggle against cyclical development of economy.
Once it avoids booms and overheating of economy and in different period it has to
avoid busts. Central banks carry out this policy by trying to keep the aggregate de-
mand curve in a position at which real GDP is equal to the trend of potential GDP
and the real inflation rate is equal to the targeted one. The modification of monetary
policy towards a higher inflation target will raise real GDP for the short period, but
only inflation will be higher in the long run. Hence, this change in real GDP does not
have effect on the inflation in the short run because of the slowness of firms to
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change their price decision. The economic pain in sense of higher inflation is a longer
period issue than the period of the election in the democratic states. Therefore close
central banks dependence on government could be misused for re-election of poli-
ticians over the objectives of monetary policy. This so called “The Gain Then Pain
Scenario” is crucial argument for independence of the central banks. It is difficult for
governments to resist the temptation to use monetary policy for short run gain. Gov-
ernments declare lowering inflation policy and later they follow policies that lead to
higher inflation. This is well known as time inconsistency.

Taylor and Weerapala (2012) describes disadvantages of central banks independ-
ence. They perceive independence as no guarantee against mistakes made by fol-
lowing set monetary policy, however, they express worries that high independence
can even lead to more mistakes. Authors warn against the extreme independence
when decision-makers of central bank decide to blindly focus on inflation lowering
and this policy has a large negative impacts on real GDP, employment and hence,
create or deeper recession. Hence, need of accountability is an important feature of
every central bank for its credible actions.

3.2.2 The Eurozone - The European Central Bank

Creation of the monetary union, or currency union, was the next step of economic
integration process in Europe after the Second World War. Since 1stJanuary of 1999,
when the new supranational central bank was established including eleven found-
ing members%. The European Central Bank (hereinafter the ECB) has taken place in
the in Frankfurt, previous seat of the German Bundesbank. Position of headquarter
of the new central bank has a symbolical significance because Germany as the
strongest economic of the European Union (hereinafter the EU) had to give up its
strong and internationally valuable currency Mark as a result of founding treaties.
Another symbolism of the ECB seat is hidden in new common European monetary
policy rules that were designed on the strategy of the German Bundesbank. The be-
ginning of the European Monetary Union dates to 1980’s, when it became clear that
low inflation is necessary condition for economic growth of the EU members. Differ-
ence of member’s monetary policies was seen as unsustainable and leading politics
of member countries agreed to deeper integration process of the EU.

4 Among eleven founding members of the euro area belongs Austria, Belgium, Finland, France, Ger-
many, Ireland, Italy, Luxembourg, Netherlands, Portugal and Spain
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Nowadays, according to data from International Monetary Fund (2014)5, the ECB
manage a monetary policy over the second largest economy with a single currency
in the World. Since the beginning, the monetary union has expanded and new mem-
ber countries gradually entered under authority of the ECB.¢ Every country attempt-
ing to entry the Eurozone is obliged to fulfil convergence criteria that were estab-
lished in Maastricht treaty in February 1992. From the viewpoint of monetary policy
are most interesting criteria of price development included into two articles of the
Treaty:

e The first indent of Article 140(1) of the Maastricht Treaty requires: “the
achievement of a high degree of price stability; this will be apparent from a rate
of inflation which is close to that of, at most, the three best performing Member
States in terms of price stability”.

e Article 1 of the Protocol (No 13) on the convergence criteria referred to in Ar-
ticle 140(1) of the Treaty specifies: “The criterion on price stability referred to
in the first indent of Article 140(1) of the Treaty on the Functioning of the Euro-
pean Union shall mean that a Member State has a price performance that is sus-
tainable and an average rate of inflation, observed over a period of one year be-
fore the examination, that does not exceed by more than 1 % percentage points
that of, at most, the three best performing Member States in terms of price stabil-
ity. Inflation shall be measured by means of the consumer price index on a com-
parable basis taking into account differences in national definitions.”

The ECB’s monetary policy framework is based on two fundamental principles. First,
the ECB’s mandate have to focus clearly and unambiguously on maintaining price
stability and second, the central bank must be independent. The ratification of the
Lisbon Treaty clarified the assignment to this ECB’s mandate to maintain price sta-
bility and the Treaty also reinforced this primary objective to an objective of the
European Union as a whole, not just for Eurozone members. Since 1998 the ECB has
defined price stability as a year-on-year increase in the Harmonised Index of Con-
sumer Prices for the euro area of below 2% over the medium term. The definition
makes it clear that inflation above 2% is not consistent with price stability -the pri-
mary objective of the ECB. The primary objective also means that very low inflation
rates, and particularly deflation, are not consistent with price stability in the EU. The
ECB is given full independence from political influence of the governments in the

5 The largest economy in the world with a single currency in use is the United States of America.

6 Greece became member of euro area in 1%t January 2001. Slovenia entered in 2007, Malta and Cy-
prus in 2008, Slovakia in 2009, Estonia in 2011 and as the last enlargement of the euro area included
entry of Latvia in 2014.
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implementation of its mandate, including the prohibition of monetary financing of
public authorities.

The Institutional framework of the Eurozone

The legal background of the Eurozone and its single monetary policy over the mem-
bers was laid down in the Treaty on European Union (also known as Maastricht
Treaty)7, the Treaty on the Functioning of the European Union and the Statute of the
European System of Central Banks and the European Central Bank. Only two of the
members8 of the EU have got a so called opt-out status that allows them to stay with
their own currencies. Rest of the member states of the EU are already members of
Eurozone or accepted candidate status for adoption of the euro.

Decision-making bodies of the ECB are based on the collective system for the pur-
pose of the monetary policy. The ECB has a two decision-making bodies which are
responsible for preparation, conduct and implementation of the single monetary
policy over the Eurozone member states.

First, the Governing Council of the ECB consists of the six members of the Executive
Board and governors of Eurozone member national central banks®. Among its re-
sponsibilities belong formulating Eurozone’s monetary policy includes monetary
objectives such as key interest rates, the supply of reserves and taking decisions
necessary to ensure the performance of the ECB tasks. According to new responsi-
bilities of the ECB connected with recent crisis, the Governing ECB’s is responsible
to banking supervision and to adopt general framework for this supervisory deci-
sions. Councils voting procedure is based on simple majority. Each member has one
vote and in the case of a tie, the President of the ECB has a casting vote. On 19 March
2009 the Governing Council decided to implement a rotation system for voting
rights. It was decided that when number of Eurozone governors exceeds 18 it will
be applied rotating system in which the Executive Board members will maintain
permanent voting right and voting rights of national bank governors will be based
on rotation system.

7The Treaty of Lisbon entered into force on 1 January 2009 and has amended the Treaty on European
Union.

8 Among the countries with opt-out provision against need to euro acceptance as their national cur-
rency belongs the United Kingdom and Denmark

9 They are 18 governors of the Eurozone member countries in 2014
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Second, the Executive Board of the ECB consists of the President, Vice-President of
the ECB and four other board members. The Executive Board is appointed for eight
years. Members of the Executive board are elected by leaders of all EU member
states. As the Governing Council is responsible for formulating policy of the ECB, the
Executive Board of the ECB is responsible for implementation of these decisions.
Hence, members of the Board are at the same time members of the Governing Coun-
cil, they have also important role in creation of the policy.

Third body of the decision-making process within the ECB is the General Council.
The General Council of the ECB consists of the President and Vice-President of the
ECB and the governors of all 28 EU Member States. It will remain in existence for as
long as there are EU Member States whose has not yet accepted euro as their na-
tional currency. The General Council has not any responsibility for monetary policy
decisions over the Eurozone. Its role is set by Statute of the ESCB and by the Treaty
on the Functioning of the European Union. According to these documents, The Gen-
eral Council role is mainly in strengthening the coordination of monetary policies of
the EU Member States whose still have own national currency, collecting of statisti-
cal information and reporting activities to the ECB.

3.2.3 The Czech Republic - The Czech National Bank

The Czech Republic belongs among states that transformed its economy from the
planned one into the free market during the 90’s of the 20t century after the fall of
the communist regimes in east European countries. The Czech National Bank (here-
inafter the CNB) was founded on 17 December 1992 by the law about Czech National
Bank as one of the successors after splitting of the common monetary policy Czech-
oslovakian National Bank into two new state banks. The CNB’s monetary policy ob-
jective is set forth in Article 98 of the Constitution of the Czech Republic and in Arti-
cle 2 of Act No. 6/1993 Coll,, on the Czech National Bank. Hence, the CNB is required
to maintain price stability within the Czech economy. Without negative influence to
its primary objective, the CNB could support the economic policies of the Govern-
ment and support by it the sustainable economic growth.

Since the beginning of the CNB existence in 1993, it managed the monetary policy
within the regime of monetary aggregate M2 targeting. Since 1998, the CNB left the
monetary aggregate targeting and converted monetary policy into Inflation target-
ing. This change of the monetary strategy was caused among others by the banking
crisis that peaked in 1997 and also by introduction of managed floating regime of
the Czech Koruna. From the Table 1 is obvious that the CNB was decreasing inflation
expectation over time to the current targeted value of 2%. That is the primary goal
of the ECB as well. Hence, this could be seen as reasonable convergence in inflation
with the ECB for the future enter to the Eurozone by Czech Republic.
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Table 1: The target levels of inflation set by the CNB since 1998

4% - 5%
3.5%-5.5% 1997
2% - 4% 2000
Band start Band end
3%-5% 2% - 4% 2001
3% (+-1%) 2005
2% (+-1%) 2009

Source: The CNB, 2014

The CNB monetary policy is directed by the supreme governing body which is the
Bank Board of the Czech National Bank (hereinafter Bank Board). Bank Board con-
sists of four Bank Board members, two Vice-Governors and Governor. The Bank
Board shall set monetary policy and the instruments for implementing this policy,
and shall decide upon the fundamental monetary policy measures of the Czech Na-
tional Bank and measures in the area of financial market supervision. Its mandate is
concerned with price stability in the Economy, financial market stability in the Czech
Republic and issuing of the coins and banknotes of the national currency - Czech
Crowns. The CNB is highly independent organization. The members of Bank Board
are appointed and relieved by president itself without any assistance of the govern-
ment. The accountability of the CNB is given by fulfilling of the publicly known aims
of the monetary policy. The CBN issues quarterly Inflation Reports, which are sub-
mitted to the House of Deputies and made public via CNB website. So, the public is
kept informed and bank is under pressure of public to fulfil its primary objective -
stable prices. The Bank Boards votes about important decisions in the act of simple
majority. In the event of tie, the chairperson (Governor or, Vice-Governor in case of
Governors absence) has the casting vote.

3.24 Poland - The National Bank of Poland

The history of the National Bank of Poland (hereinafter the NBP) dates back to the
time right after the end of Second World War in 1945, when new Polish central bank
was founded. The modern structure of the NBP was established by new Polish Con-
stitution that occurred in 1997. The Constitution gave to the supreme governing
body - the Monetary Policy Council of the NBP an independent responsibility over
the monetary policy in Poland. The maintaining the price stability in Poland is the
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main objective of the NBP. Since 1999 the NBP has ran inflation targeting as a pri-
mary monetary policy. Bank gradually decreased inflation target and since 2004 it
has pursued a continuous inflation target at the level of 2.5% with a permissible
fluctuation of plus-minus 1 percentage point. Poland also, as the Czech Republic, is
obliged to join the monetary union and Euro as their currency. On the other hand,
according to the current development in both countries it does not exist a strong
political will to join the Eurozone in the near future.

The governing bodies of the NBP are the President of the NBP, the Monetary Policy
Council and the Management Board of the NBP. The President of the NBP is ap-
pointed for a six-year term by the lower chamber of the Polish Parliament at the
request of the President of the Republic of Poland. He is the head of the Monetary
Policy Council and the Management Board of the NBP.

The Monetary Policy Council is chaired by the President of the NBP and includes
nine other members, appointed in equal numbers by the President of the Republic
of Poland and both chambers of the Polish parliament. The Monetary Policy Council
determines monetary policy guidelines and the basic principles of their implemen-
tation. The Council sets the level of basic interest rates and determines the princi-
ples of open market operations as well as the principles and procedure of calculating
and maintaining required reserves. The Management Board directs the NBP activi-
ties. Its basic objective is the implementation of resolutions of the Monetary Policy
Council, adoption and implementation of the NBP activities plan, the execution of
the financial plan approved by the Council and the performance of tasks related to
the exchange rate policy and the payment system.
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4 Empirical Analysis

The following chapter is divided into three subchapters that are main concern of this
research. Therefore this chapter should help to answer the main questions set in the
objective chapter of the thesis.

How it is declared by all compared central banks, the inflation targeting is set to be
a main monetary policy strategy. Inflation refers to the rate at which prices for goods
and services rises. In general, as interest rates are lowered, more people are able to
borrow more money. The result is that consumers have more money to spend, caus-
ing the economy to grow and inflation to increase. On the other hand if interest rates
are increased, consumers tend to have less money to spend. With less spending, the
economy slows and inflation decreases. Inflation and interest rates are linked, and
frequently referenced in macroeconomics. Therefore it is interesting to describe and
calculate the Taylor rule as representative of monetary rules, which can be used as
a guideline for using of short-term interest rate as a monetary instrument. A success
of the central banks in fulfilling their inflation targets and furthermore applying Tay-
lor rule over the economies interest rates is content of first subchapter within em-
pirical analysis.

The second subchapter is concerned about analysis of input data - the output, mon-
etary aggregates M1 and M2, real interest rates and real gross domestic product of
the selected compared economies that will be used further in the subchapter 4.3
Granger causality that analyses these data. The Granger causality should reveal
causal relationships between monetary aggregates and GDP and between Real In-
terest Rate (RIR) and GDP in long period from 1999 to 2013 the short post-crisis
period from 2009 to 2013. Pursuant to testing results causal relation is marked as
none, one-sided causality or both-sided causality. The VAR model are constructed
also with lags to improve their informational merit from one to six lags for long
tested period. The same procedure is used for short post-crisis period with differ-
ence that models use lagged values of variables only up to four lags. This is caused
by unsufficient amount of observations for testing in these time series for more than
four lags.

4.1 Inflation targeting and application of the Taylor rule over
compared economies

Many economic studies propose an idea that inflation targeting could improve eco-
nomic prospects and living standards of citizens by maintaining price stability in a
lasting way. The ECB (2004) understands to the role of price stability in monetary
policy as accomplishing output’s high levels and employment. This approach is
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based on five reasons. Firstly, the ECB sees simplification of price recognition for
inhabitants within the economy. Therefore participants of the economy could make
better decisions over their consumption and this should help to more efficient mar-
ket resources allocation and also to the increase of potential of the production. Sec-
ond reason for the inflation targeting is seen by the ECB in the lower risk of sudden
inflation and therefore lower inflation risk premium on investments. Thus economic
subjects are willing to invest more within the economy because it costs them less.
Third reason for stable low price raise is connected to the lowering hedging against
inflation. Fourth reason for stable price level growth is hidden within the theory as
a defence against tax and welfare incentives that distort economic behaviour within
the economy. Last but not least reason is that successful inflation targeting supports
social cohesion and stability because it does not allow high redistribution of wealth
that could be initiated by unexpected changes in price level.

4.1.1 Inflation targeting in compared economies
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Figure 1 - Target vs. actual inflation in the Eurozone, Germany and Austria. Source: Eurostat

The ECB based its monetary policy on one goal only. This goal is inflation targeting
with year to year inflation target of 2% value within economy of the whole Euro-
zone. This objective was constructed on the goal of the ECB predecessor - the Ger-
man Bundesbank. According to figure (1) it could be identified that the ECB is suc-
cessful in fulfilling this objective in form of a medium-term price increase of 2% over



Empirical Analysis 35

the years. It succeeded to keep diversions from targeted inflation tight and therefore
the banks strategy can be considered as successful from the point of view that it kept
fulfilling its strategy even during last crisis. Germany’s and Austria’s inflation is kept
tight to the Eurozone’s targeted one except few little deviation as well. Thus the Eu-
rozone as whole and also Germany with Austria could be seen as price stable and
credible economies.

The Czech Republic changed its monetary policy from M2 targeting to inflation tar-
geting in 1998. The target has been changed over the years and stabled in 2005 at
the value of 3% growth in sense of HICP index implemented by the Czech Republic
from the European Union statistical approach to the inflation. The CNB converged
this goal once more in 2010 when the bank decreased targeted value of inflation to
the value of 2%. Consequently it means that the Czech target is fully converged with
the ECB target nowadays.
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Figure 2 - Targets vs. actual inflation in the Czech Republic. Source: Eurostat

As it could be observed in figure 3, the CNB was successful in its inflation target ful-
filment most of the time. This was not really easy, because the Czech Republic as
highly open economy is under the pressure of the external influences. Therefore the
Czech Republic could be considered stable, credible economy. Its inflation policy
gradually adopted approach and also target of the ECB and therefore the entrance
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to the Eurozone could not be connected with change in inflation expectations of eco-
nomic subjects within the economy.

Poland has oriented its monetary policy strategy on inflation targeting since 1999.
The NBP gradually lowered targets since the first year of this new strategy to the
2004. The inflation target was stabilized to the value 2.5% that preserved and was
not change since then. The sufficiency of the NBP could be observed from the fig-
ure 3. [t appears that the NBP was also successful to keep actual inflation tight to the
set targeted level and hence they fulfilled the primary goal of the monetary policy in
Poland. Even that the ECB and the NBP have a different targets of inflation targeting
the difference within these is just 0.5 percentage point. Therefore the future change
of the target connected with entrance to the ECB could not be seen as a problem.
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Figure 3 - Target vs. actual inflation in Poland. Source: Eurostat

4.1.2 Taylor rule application

The inflation and inflation targets are important variables for calculating of the Tay-
lor rule as a guideline for the economy. In previous part of this subchapter was
showed, that compared central banks are successful in the strategy of inflation tar-
geting within their economies. Another important part of the Taylor rule is the min-
imal short time in interest rate set by the monetary authority. The central bank com-
pares inflation prognosis with the inflation target and when it is forecasted to be
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above the targeted inflation the central banks should according to theory increase
the interest rate. Opposite when the inflation is under targeted one the central bank
should increase interest rate.

The ECB refinancing rate, The CNB two weeks repo rate and the NBP reference rate
are used as nominal short term interest rates for further calculations of the Taylor
rules for compared economies. Development of these interest rates in observed pe-
riod could be seen in the figure 4.
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Figure 4 - Evolution of short-term interest rates in Eurozone, the Czech Republic and Poland.
Source: the ECB, the CNB and the NPB

The figure 4 reveals differences between Polish reference rate development and
similar development of the Czech 2w repo rate and the ECB’s refinancing rate that
converged and have similar evolution since 2001. The range of the interest rates in
case of Poland but also in other two cases are remarkable. The rule introduced by
John Taylor in 1993 can be used as a guideline to the central to drive changes of
these minimal rates for the decision making bodies of the central banks.

The rule could be simplified into straightforward recommendation that short-term
interest rates should be changed according to the current level of the price level and
real income within the economy. When they are above the target values the central
bank should rise interest rate and the bank should lower interest rate in case that
one of them or both are below the target values. Taylor also implemented in his pol-
icy rule coefficients, which according to his consideration, are representing a “steady
state” values. Taylor rule is so simple that it has revolutionized the way many central
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banks think about monetary policy. It has framed the conduct of policy as a system-
atic response to incoming information about economic conditions. The Taylor rule
has taken a form described in the following equation 4:

r=r"+p+05(p—p)+05(y—y") 4

Where r stands for minimal nominal short term interest rate, p is the inflation rate
measured by the GDP deflator over the previous four quarters, p* is the desired in-
flation rate set by Taylor to the level of 2%, is (y-y*) is a output gap where y stands
for a real output in form of the 10 based logarithm of real GDP and y* is a potential
output in form of 10 based logarithm. The potential output should be the output
when economy fully use its potential and full employment exists inside it. The CNB
in its inflation report (2010) suggests three possible methods of estimating poten-
tial output. For purpose of this thesis was chosen the third one which involves ap-
plication of the Hodrick-Prescott filter to the GDP time series and hence use of the
trend obtained from the filter as a potential GDP for further calculations.
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Figure 5 - Taylor rule comparison to short-term interest rates in Eurozone, Germany and Austria.
Source: ECB, Eurostat, author’s calculations.

The figure 6 reveals that the ECB behaved responsibly in sense of the setting interest
rates according to Taylor rule in the period from 1999 to 2007. The ECB gradually
decreased interest rates when it was recommended to support outputs grow within
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the Eurozone. Since 2005, When the Taylor rule recommends opposite approach,
the ECB increased interest rate to prevent overheating of the economy. Taylor rule
proposes even higher increase of the interest rate in period 2007-2008 but bank
haven’t followed it. The reason in not following it in this period could be hidden in
the financial crisis raising in the USA at this period therefore the ECB probably
waited to its impacts over Eurozone before applying more restrictive monetary pol-
icy over the economy.

When the crisis changed its roots from the financial crisis into crisis of economy the
Taylor rule recommends to decrease interest rates to the negative levels. That was
not possible to follow from the practical reasons that nominal interest rate cannot
be set negative under any circumstances in the real economy according to the main-
stream economy practise. On the other hand, the bank had still some room to de-
crease short term interest rate and it has not been done when it is recommended by
rule in period 2009 to 2011. Because the Eurozone’s economy is not still in the good
condition the ECB continued decrease of its short term interest rates and this is
again in accordance with Taylor rule’s recommendation. The Taylor rule for the Eu-
rozone does not differ to the Taylor rules for the Germany and Austria. Therefore
the ECB policy could be considered as fitting also to these Eurozone’s member econ-
omies.
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Figure 6 - Taylor rule comparison to short-term interest rate - 2w repo rate in the Czech Republic.
Source: the CNB, Eurostat, author’s calculations.

The Czech Republic and its monetary authority the CNB on the other hand do not
seem as a follower of the Taylor rule’s recommendations. Hence it increases or de-
creases the 2w repo rate as is it is suggested by the rule, the intense of these changes
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is much lower than referred. From this viewpoint the CNB seems to be more con-
servative with manipulating with the short-term interest rate than the ECB. The CNB
decreased its rate to the historical minimum of 0.25% level to fight rising risk of
deflation in the economy. The risk of deflation revealed and bank could not use more
room to effectively decrease the interest rates.

Therefore and according to the suggestion of the International Monetary fund the
CNB devaluated value of the Czech Koruna in the last quarter of 2013. Effect of this
step cannot be valuated within this thesis because impacts of the intervention are
still not clear and because it was made in the last quarter of the examined period
than these effect could not been included in the research.
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Figure 7 - Taylor rule comparison to short-term interest rate in Poland. Source: the NBP, Eurostat,
author’s calculations.

According to the application of the Taylor rule on the Poland it is important to notify
that polish economy as an only one in the Europe Union has not suffer any negative
effects connected with the economic crisis in Europe. Figure 7 reveals that the mon-
etary policy of the NBP is closely related to the Taylor rule. Its recommendations for
the setting of the interest rate by the NBP seems to be a quality and applicable guide-
line in times when economy does not suffer any economic shock.

4.1.3 Summary

This subchapter revealed that all compared banks use same monetary policy strat-
egy in sense of the inflation targeting since 1999. The ECB uses 2% target for its



Empirical Analysis 41

whole history. On the other hand the NBP and the CNB gradually decreased their
targeted inflation. The Czech Republic adopted same value as the ECB did since 2010
and Poland is using the target 2.5% since 2004. According to figures in this subchap-
ter, it is possible to state that the ECB, the CNB and the NBP were very successful in
their primary goal of inflation targeting.

Second part of the subchapter applied the Taylor rule over the compared economies.
The rule looks applicable and fits to the ECB and the NBP under the ideal conditions
within economy. The CNB seems to be more conservative and do not apply such an
active policy as the Taylor rule is suggesting to it. When surprizing shock hit an econ-
omy the Taylor rule lose its informational value, for the reason that it suggests neg-
ative interest rate to be applied. Therefore it would not be clever for central banks
to commit to this simple rule blindly.

4.2 The Input data and their stationarity as an important
attribute for further research of the monetary policy
efficiency

According to the economic theory, the output of the economy could be influenced by
the monetary supply or interest rates on the market. Therefore these were obtained
in form of nominal monetary aggregates M1 and M2 as representatives of the money
supply, nominal Gross Domestic Product for the Eurozone and its members Ger-
many and Austria, the Czech Republic and Poland from statistical databases for the
purpose of the thesis. These data had to be deflated to achieve real values of the
variables and to suppress influence of the inflation over them. The Harmonised In-
dexes of Consumer Prices (hereinafter HICP) in compared economies with base in
year 2005 are used as deflators of nominal variables M1, M2 and GDP in the re-
search.

Real Interest Rates as important variables used in the thesis are calculated accord-
ing to equation of the CNB (5):

100+R
100+i

RIR = (3= =1)+100 (5)

The equation (10) is composed of the Real Interest Rate (RIR in %), nominal interest
rate (R in %) which stands for EURIBOR in case of the Eurozone, Germany and Aus-
tria, PRIBOR for the Czech Republic and WIBOR for Poland, and real inflation (i in
%). Central banks don’t have power to directly influence these rates, but they are
closely correlated with short-term interest rates set by them. Thus they can be used
as representatives of monetary policies for the purpose of this research. Evolution
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of the compared economies RIR is shown in the figure 1. Data of the RIR datasets of
compared economies had to be converted to their first differences to obtain station-
arity according to ADF testing. For further information see correlograms in the Ap-
pendix A.
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Figure 8 - Evolution of the Real Interest Rates in compared economies, Source: Eurostat, the ECB,
the CNB, the NBP and author’s calculations

As reader can see in the figure 9, the nominal form of GDP contains a trend that is
affected with the price changes over years. Even when the GDP is deflated to its real
form by HICP 2005 and thus the impact of the inflation is eliminated it remains to
be suspicious for the prevailing trend. The other time series of compared economies
outputs have a similar problem with trends in data.

The trend is the reason for non-stationarity of time series that is observed in the
correlograms in the Appendix A. It is important to work with trend adjusted time
series to obtain real influence of variables for the purpose of the thesis. Thus the
development of annual percentage changes in GDP of compared economies is tested
by Augmented Dickey Fuller tests of Unit roots (hereinafter the ADF test). The ADF
testing displays that all GDP variables are probably integrated at degree one. There-
fore time series are converted in form of base 10 logarithms and level 1 differences.
The ADF testing afterwards shows that their first logarithmic differences should be
without trend and stationary. Therefore variables should be qualified for further re-
search in the thesis.
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Figure 9 - Comparison of the Nominal GDP and Real GDP of the Eurozone in period 1999-2013,
Source: Eurostat, author’s calculations

Money supply of the compared economies is represented by the M1 and M2 mone-
tary aggregates in the research. The nominal data were obtained from the ECB, the
CNB and from the database of the NBP. These variables are affected by the inflation
over years. Therefore data were deflated to their real form of the year 2005 prices
by HICP 2005 deflator. According to ADF testing, all real variables probably contain
unit roots and thus could be considered non-stationary. Correlograms 11-22 in the
Appendix A suggest probability of integration of variables at degree one. Thus time
series are converted in form of 10-based logarithms as it is common in case of eco-
nomic data and converted to their first differences. Converted variables of real M1
and real M2 variables were then again tested for the unit roots by the ADF tests and
results do not show prevailing stationarity in the compared monetary aggregates
datasets.

4.2.1 Summary

The input data observed from the Eurozone, Germany, Austria, the Czech Republic
and Poland were in the nominal form therefore they had to be deflated by HICP 2005
to their real form to suppress influence of the price development over years on them.
They were after deflation tested for the potential existing trend that could cause a
non-stationarity of time series. According to the Tomsik (2005) this trend could neg-
atively influence further testing by furious dependence hidden within the common
trend. Therefore data were tested by the Augmented Dickey-Fuller test which re-
vealed unit root existence in the datasets. According to the correlograms, data were
suspicious for integration of variables at degree one. Hence the log differentiation
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was applied on them and trend was removed by this step. When variables were
modified to their stationary form and impacts of common trend were eliminated in
them, it could be continued to the determination of causalities between them in
sense of the Granger causality in long period and shorter post-crisis period.

4.3 Granger causality between M1, M2, RIR and real GDP

Since, input data no more contain a trend they can be used for further examination.
Granger causality could examine relations between the real GDP and other variables
that represent monetary policy instruments in their real form - monetary aggre-
gates M1 and M2 and interest rate (RIR).

4.3.1 Testing Granger causality between real GDP and real M1 monetary
aggregate

The Granger causality equations for examination of relations between real GDP and
money supply in form of the real monetary aggregate M1 are shown in equations (6)
and (7).

real GDP; = const + a;real GDP,_; +

1 i

Bireal M1,_;, (6)
1

j
i=

j

J J
real M1, = const + z a;real M1,_; + z Bireal GDP,_;,(7)

i=1 =1

The null hypothesis of the Granger causality states that coefficients o and 8 in the
equations are equal to zero. The significance level for the purpose of this research is
set on level of five percent. Null hypothesis is rejected according to the values of the
p-values. An exact version of the null hypothesis for particular testing is defined in
the corresponding tables further in the chapter.

According to Granger causality testing of the long observed period, the money sup-
ply in form of monetary aggregate M1 is Granger caused by growth of the real GDP
in first two quarters and in the higher lags there is both-sided causality between
GDP and M1 aggregate in the Eurozone. According to these results, it could be stated
that these real variables are highly affected by each other. Similar results of causality
in all tested lags can be found in the table B2 in the appendix B. These describe be-
haviour of the biggest Eurozone’s member economy - Germany. Therefore it seems
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that whole Eurozone reacts in similar way to the change in M1 aggregate as the econ-
omy of its economical leader. According to this interesting information it could be
stated, that monetary aggregate M1 and GDP influence each other in these econo-
mies and could be manipulated with one to achieve growth in second, but at the
same time it could be hard for the ECB hard to manipulate with this aggregate when
it is affected by the outputs development as well.

Table 2: Results of Granger Causality testing between the real GDP and the real monetary aggregate
M1 in Eurozone -long period

Monetary aggregate M1 — EUROZONE

Null hypothesis F-statistics p-value Decision

1 M1 does not Granger cause GDP 0.22707 0.6356 | Do not reject
GDP does not Granger cause M1 16.121 0.0002 Reject

> M1 does not Granger cause GDP 1,9682 0,1500 | Do not reject
GDP does not Granger cause M1 7,8716 0.0011 Reject
3 M1 does not Granger cause GDP 6,1314 0,0013 Reject
7 GDP does not Granger cause M1 5,0193 0,0041 Reject
2 M1 does not Granger cause GDP 3,5128 0,0139 Reject
. GDP does not Granger cause M1 2,8454 0,0344 Reject
5 M1 does not Granger cause GDP 3,0936 0,0179 Reject
GDP does not Granger cause M1 2,6546 0,0354 Reject
e M1 does not Granger cause GDP 2,4794 0,0392 Reject
GDP does not Granger cause M1 2,4881 0,0386 Reject

Source: author's calculations

The causal relation between the M1 aggregate and GDP in the Eurozone is also tested
for the post-crisis period. Results from this testing in table 3 mean, that quantitative
easing in sense of monetary aggregate M1 could be helpful when the Eurozone is in
the crisis. This does not apply in case of the Germany, where M1 seems to affect the
GDP in first two lags only and not vice versa.
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Table 3: Results of Granger Causality testing between the real GDP and the real monetary aggregate
M1 in Eurozone - post-crisis period

Monetary aggregate M1 — EUROZONE

Null hypothesis F-statistics p-value Decision

q M1 does not Granger cause GDP 2,1738 0,1611 | Do not reject
e GDP does not Granger cause M1 8,7423 0,0098 Reject
T M1 does not Granger cause GDP 4,5930 0,033 Reject
L GDP does not Granger cause M1 5,2023 0,0236 Reject
3 M1 does not Granger cause GDP 3,9733 0,0467 Reject

GDP does not Granger cause M1 3,0981 0,082 Do not reject

4 M1 does not Granger cause GDP 2,2443 0,1799 Do not reject
GDP does not Granger cause M1 9,8137 0,0084 Reject

Source: author's calculations

Austrian economy, on the other hand, shows different results in sense of Granger
causality between the M1 and GDP in the long observed period. Results in table 4
illustrates that Austrian monetary aggregate M1 is mainly Granger caused by GDP
development and changes in M1 base do not have impact over the economy output
development except the results for lag 3, where both sided relation in sense of
Granger causality is found. Hence, it is obvious that reaction of output to change in
M1 aggregate is different in case of smaller Eurozone member’s economy than in
case of the big one. This is even emphasized by the results in the post-crisis period,
where monetary aggregate M1 is caused by one sided causality from the output in
first lag. Results for the post-crisis period testing could be found in the Appendix B.

Table 4: Selected results of Granger causality testing between real GDP and the real monetary ag-
gregate M1 in Austria - long period

Monetary aggregate M1 — Austria

Null hypothesis F-statistics p-value Decision
i M1 does not Granger cause GDP 0,0341 0,8542 | Do not reject
. GDP does not Granger cause M1 10,085 0,0025 Reject
2 M1 does not Granger cause GDP 2,8404 0,0675 Do not reject
GDP does not Granger cause M1 5,4981 0.0068 Reject
3 M1 does not Granger cause GDP 4.0803 0.0115 Reject
GDP does not Granger cause M1 2,8846 0.0450 Reject
e M1 does not Granger cause GDP 3,4456 0,0077 Reject
GDP does not Granger cause M1 2,0440 0,082 Do not reject

Source: author's calculations
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The Granger causality testing between the real variables M1 and GDP in the Czech
Republic have not found any causal relationship in all tested lags in both observed
periods. It is surprising result because it is against the economic theory, what says
that change in the monetary aggregate should cause output increase in the economy
in short term period. Therefore obviously this monetary aggregate is not good ob-
jective to be set as a target of the monetary policy for the Czech Republic and the
CNB should not use it.

Table 5: Selected results of Granger causality testing between the real GDP and real monetary ag-
gregate M1 in Poland - long period

Monetary aggregate M1 — Poland

Null hypothesis F-statistics p-value Decision

> M1 does not Granger cause GDP 6,3562 0,0034 Reject
e GDP does not Granger cause M1 1,8203 0,1721 Do not reject

I M1 does not Granger cause GDP 6,0074 0,0014 Reject

i GDP does not Granger cause M1 5,2572 0,0032 Reject

2 M1 does not Granger cause GDP 4,5693 0,034 Reject
GDP does not Granger cause M1 1,2444 0,3055 | Do not reject

5 M1 does not Granger cause GDP 3,4135 0,011 Reject
GDP does not Granger cause M1 1,2918 0,2852 Do not reject

Source: author's calculations

On the other hand, economy of Poland appears to behave completely different than
the Czech Republic. According to results of testing in the table 5 of the variables in
all observed lags in long period, M1 aggregate would cause growth of real GDP
within four quarters. Therefore these results support the economic theory that
states that change in monetary aggregate should improve performance of the econ-
omy for short period. Hence it could mean that monetary aggregate M1 can be used
as a particular objective of regulations to set adequate monetary policy by the NBP.
Sims (1980) obtained similar results as in this case in his research where he used
nominal variables. He pointed out that effect of monetary aggregate M1 was signifi-
cantly reduced when interest rate was added to equation. Nevertheless none
Granger causality was proved in any lags of the post-crisis period. Therefore M1 ag-
gregate could not be a good instrument for reaction of the NBP to the negative shock
within the polish output.
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4.3.2 Testing Granger causality between real GDP and real M2 monetary
aggregate

The Granger causality equations for testing relations between real GDP and money
supply in form of broader monetary aggregate M2 in its real form deflated by HICP
2005 are as follows:

j j
real GDP; = const + Z a;real GDP,_; + Z Bireal M2,_;,(8)

i=1 =1
j j

real M2, = const + z a;real M2;_; + z Bireal GDP,_;,(9)
i=1 i=1

Table 6: Results of Granger causality testing between real GDP and monetary aggregate M2 in Euro-
zone - long period

Monetary aggregate M2 — EUROZONE

Null hypothesis F-statistics p-value Decision

i M2 does not Granger cause GDP 8,0356 0,064 Reject
. GDP does not Granger cause M2 0,2615 0,6112 | Do not reject

2 M2 does not Granger cause GDP 11,7020 0,0001 Reject
GDP does not Granger cause M2 1,3517 0,2979 | Do not reject

3 M2 does not Granger cause GDP 7,4955 0,0003 Reject
GDP does not Granger cause M2 1,5823 0,2059 Do not reject

a M2 does not Granger cause GDP 4,9246 0,0022 Reject
. GDP does not Granger cause M2 1,1492 0,3458 Do not reject

T M2 does not Granger cause GDP 3,6617 0,0077 Reject
. GDP does not Granger cause M2 0,6267 0,6803 | Do not reject

6 M2 does not Granger cause GDP 3,5703 0,0065 Reject
GDP does not Granger cause M2 0,7390 0,6214 | Do not reject

Source: author's calculations

The Grange causality tests of the real GDP and real monetary aggregate M2 as rep-
resentative of the money supply in the Eurozone show one sided causality between
these variables where change in M2 aggregate causes growth in GDP in all observed
lags for Eurozone and in five from six lags for Germany in the long observed period.
According to results in table six and similar results for Germany in table seven, it
seems that regulation of the M2 monetary aggregate is a good tool to influence econ-
omy output in the Eurozone and in Germany as well. The results of Granger causality
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testing of the short period confirms one sided causal relation of the GDP on the M2
aggregate in first two lags for both Eurozone and Germany. According to this find-
ings it seems that quantitative easing in form of increasing of monetary aggregate
M2 may help to Eurozone and also to large members of the Eurozone such as Ger-
many suppress negative output decrease.

Table 7: Results of Granger causality testing between the real GDP and real monetary aggregate M2
in Germany - long period

Monetary aggregate M2 — Germany

Null hypothesis F-statistics p-value Decision

i M2 does not Granger cause GDP 0,5215 0,4733 | Do not reject

. GDP does not Granger cause M2 6,4277 0,0141 Reject

2 M2 does not Granger cause GDP 5,3317 0,0078 Reject
GDP does not Granger cause M2 2,7502 0,0732 | Do not reject

3 M2 does not Granger cause GDP 6,3999 0,001 Reject
GDP does not Granger cause M2 0,3325 0,8019 Do not reject

a M2 does not Granger cause GDP 2,9881 0,0248 Reject
. GDP does not Granger cause M2 0,9786 0,4285 Do not reject

T M2 does not Granger cause GDP 2,9744 0,0216 Reject
. GDP does not Granger cause M2 0,8421 0,5275 | Do not reject

6 M2 does not Granger cause GDP 2,8210 0,022 Reject
GDP does not Granger cause M2 0,3617 0,8987 | Do not reject

Source: author's calculations

Nevertheless it is also important to remind in this case the Goodhart’s law (1984)
and be cautious with recommendation to focus on the M2 monetary aggregate tar-
geting in sense of quality and effective monetary policy for the Eurozone.

Table 8: Selected result of Granger causality testing between the real GDP and real monetary aggre-
gate M2 in Austria - long period

Monetary aggregate M2 — Austria

Null hypothesis F-statistics p-value Decision
3 M2 does not Granger cause GDP 3,0583 0,0368 Reject
GDP does not Granger cause M2 2,1677 0,1037 Do not reject

Source: author's calculations

Different results of the monetary aggregate causality appears for smaller Austrian
economy. Testing revealed that the only relevant causality is observed in lag three
in long tested period and it does not exist any causality relation within the post-
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crisis period. Therefore the monetary aggregate M2 could not be considered as im-
portant for Austrian economy.

The testing of the impact of M2 monetary aggregates towards GDP in sense of
Granger causality haven’t determined any causality in the Czech Republic and only
one sided causality was determined in lag 6, where GDP Granger causes M2 aggre-
gate, in case of Polish economy in the long tested period. According to these results,
it is possible to declare that money supply in sense of M2 monetary aggregate does
not Granger cause GDP neither in the Czech Republic nor in Poland. According to
these findings it is likely to conclude that the CNB or the NBP cannot impact output
by influencing M2 aggregate. Causality has not been found within the post-crisis pe-
riod neither. For complete results of Granger testing of M2 and GDP variables see
tables B6-B10 in appendix B.

4.3.3 Testing Granger causality between variables RIR and real GDP

The testing influence of interest rate is really important because the short-term in-
terest rate is a key tool for monetary policy for the ECB, the CNB and the NBP as well.
It is examined whether it could be found Granger causality between output, repre-
sented by the real GDP, and the real interest rate (RIR), represented by a three-
months EURIBOR, PRIBOR or WIBOR deflated by the HICP in the tested economy.
Equations for real GDP and RIR are as follows:

j j
real GDP; = const + Z a;real GDP,_; + Z BiRIR;_;,(10)

i=1 =1
J J
real RIR; = const + Z a;RIR;_; + Z pBireal GDP,_;,(11)

i=1 =1

Selected results of Granger causality testing between GDP and RIR for the Eurozone
in the table 9 give an empirical evidence that output in the long observed period is
caused by RIR in second and third lag. Therefore it can be stated that interesting rate
is a crucial for correction of the output in the short period by the ECB for whole Eu-
rozone’s economy. Complete results of testing in the appendix B shows opposite
causality for the other lags. On the other hand, testing for the post-crisis period have
not revealed causality among the variables and therefore the interest rate could be
seemed as unimportant when it gets close to zero.
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Table 9: Selected results of Granger causality testing between the real GDP and RIR in Eurozone -
long period

Real Interest Rate (RIR) — EUROZONE

Null hypothesis F-statistics p-value Decision
> RIR does not Granger cause GDP 3,0942 0,0457 Reject
e GDP does not Granger cause RIR 1,5809 0,2155 Do not reject
T RIR does not Granger cause GDP 3,1653 0,0326 Reject
GDP does not Granger cause RIR 1,7081 0,1776 | Do not reject

Source: author's calculations

On the other hand, results of testing Granger causality for Germany in table 10 pre-
sents no affection of the output by the RIR and opposite causality in lag one and two.
Austrian results in the table B13 of the appendix B shows same causality of GDP
causing RIR for lags four, five and six. None causality from the RIR to output in the
long period is found. Also in the post-crisis period Austrian economy seems to have
none causality among tested variables. Thus it could be supposed as a confirmation
that the ECB’s policy is concerned about the Eurozone as whole economy and that
the ECB does not set it to the particular member’s economy interests.

Table 10: Selected results of Granger causality testing between the real GDP and RIR in Germany -
long period

Real Interest Rate (RIR) — Germany

Null hypothesis F-statistics p-value Decision
i RIR does not Granger cause GDP 0,0005 0.9823 | Do not reject
e GDP does not Granger cause RIR 5,6944 0,0205 Reject
2 RIR does not Granger cause GDP 1,6543 0,2011 Do not reject
GDP does not Granger cause RIR 4,0119 0,024 Reject

Source: author's calculations

Similar results of Granger causality testing like in case of Eurozone were obtained
from the data testing for Poland and the Czech Republic (table 11 and 12). The in-
fluence of variables was proved in lags 1 and 2 for both economies in long period.
The Czech results are than completely the same in sense of one sided causality as in
case of Eurozone where RIR influences real output in third lag as well. Therefore
both the CNB and the NBP could attribute significant relevancy to the RIR in sense
of monetary decision making in the normal times. The short period did not revealed
any causality within the economies. Thus the short-term interest rate as the mostly
used instrument of the monetary policy could be seen as ineffective in the post-crisis
period within all compared economies.
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Table 11: Selected results of Granger causality testing between the real GDP and RIR in the Czech
Republic - long period

Real Interest Rate (RIR) — Czech Republic

Null hypothesis F-statistics p-value Decision
. RIR does not Granger cause GDP 4,6220 0,036 Reject
e GDP does not Granger cause RIR 2,5750 0,1143 Do not reject
T RIR does not Granger cause GDP 4,5595 0,015 Reject
. GDP does not Granger cause RIR 1,3577 0,2662 | Do not reject
3 RIR does not Granger cause GDP 3,0372 0,0387 Reject
GDP does not Granger cause RIR 1,1169 0,3522 | Do not reject

Source: author's calculations

Table 12: Selected results of Granger causality testing between the real GDP and RIR in the Czech
Republic - long period

Real Interest Rate (RIR) — Poland

Null hypothesis F-statistics p-value Decision
1 RIR does not Granger cause GDP 3,1271 0,017 Reject
GDP does not Granger cause RIR 2,9155 0,0934 Do not reject
> RIR does not Granger cause GDP 3,053 0,0356 Reject
GDP does not Granger cause RIR 1,6320 0,2054 Do not reject

Source: author's calculations

According to these results of the causality testing between RIR and GDP variables in
compared economies could be RIR considered as efficient monetary policy instru-
ment how to influence economy through the monetary policy in short period of time
within the normal economic times. Similar results are included in the research of
Sims (1980) where he also states that interest rates provide better measure to mon-
etary policy than in case of monetary aggregates. On the other hand RIR fails in the
situation when the output is decreasing and economy needs to be helped to recover
from external shock. For complete results of this testing see tables B11-B15 in ap-
pendix B.

4.3.4 Summary

The results of the granger causality testing of the RIR’s and monetary aggregates M1
and M2 impact over the GDP in the Eurozone, Germany, Austria, the Czech Republic
and Poland revealed that there might be found some different causality between
these variables in conditions if different economy. In general, results showed that
money base has similar impact over the Eurozone and Germany and also different
impact over the Austrian economy. According to this result it can be stated that
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quantitative easing could be used for active monetary policy by the ECB. On the
other hand, economies of the Czech Republic and Poland do not react very well on
the monetary base manipulation and hence it the monetary aggregates M1 and M2
are not an adequate instruments for affecting real output of these economies.

The causal relationship between GDP and RIR looks to be very influential over the
compared economies in the long period. Therefore central banks could affect the
real output by short-term interest rates under normal conditions within economies.
Problem is that the Granger causality has not been found in any of the compared
economies in the post-crisis period. This result supports economists that sees cur-
rent situation in the Europe as the liquidity trap where it is hard to escape from this
situation by use of the monetary policy instruments.
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5 Discussion

The main objective of the diploma thesis “Comparison of monetary policies of the ECB
and selected European national banks in the crisis period” was to examine whether
monetary policy is efficient in the selected economic area and countries in use of
potential instruments such as the basic short term interest rate and monetary ag-
gregates M1 or broader M2. The ECB, the CNB and the NBP have common monetary
strategy of the inflation targeting. The objective of it is keeping stability of prices in
the economy and thus reduce risk of unexpected price changes for all market agents.
According to the findings in the subchapter 4.1 it could be stated that all banks are
successful in their main objective fulfilling and keep the inflation tight to their tar-
gets. Nevertheless this strategy of policy has not prevented economies from the eco-
nomic crisis.

Application of the Taylor rule over analysed economies revealed that this monetary
rule fits to the conditions of the Eurozone and Poland also even for the Germany and
Austria under the normal development of economy. The CNB on the other hand has
much more conservative approach to the manipulating with the short term interest
rates in all observed period than Taylor rule suggests and therefor the rule does not
seem to be applicable to the small open economy such as the Czech Republic. An-
other problem connected with the Taylor rule recommendations is, that it supports
the use of negative interest rates in the post-crisis period such as one in 2009 but it
is not a practical possibility for most of the modern central banks.

Results within the research of this thesis presented that the ECB may use quantita-
tive easing in sense of the monetary aggregates M1 and broader M2 and it should
help to regulate economy even in the post-crisis period. Manipulating with the in-
terest rate is also a good instrument of the monetary policy how the ECB can affect
Eurozone as a whole economy under the circumstances of the normal conditions in
economy. The testing of interest rates impact to the output in the post-crisis period
has not presented any impact of this monetary policy instrument.

Similar results as in case of whole Eurozone’s economy were obtained for Germany.
German output also react on the both monetary aggregates and real interest rates
in long period. Nevertheless, in the short period, it could be found only one instru-
ment affecting German output in form of changes in M2 monetary base it could be
stated that steps of monetary policy set by the ECB are well suited to its biggest
member’s economy.

On the other hand, Austrian economic performance seems to be less stimulated by
the ECB policy than the Germany. Testing revealed that Austrian economic output
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could be caused by the change in base of the monetary aggregate M1 and by manip-
ulation with the interest rates under normal conditions of the economy. On the other
hand, there was not found any causality between compared monetary policy instru-
ments and the output. Therefore it can be stated that the ECB is concerned about the
policy that is effective and fit to the Eurozone as whole and its biggest economy and
monetary policy could be seen as ineffective for smaller open members economies
such is Austria or at one future point the Czech Republic.

According to testing of the variables for the Czech Republic it seems that only im-
pacting instrument of the CNB is manipulating with the interest rate and this apply
only in the time of the normal economic growth. The results of the post-crisis period
shows that the Czech Republic is much more influenced by the other factors than
the internal monetary policy. It is not as much surprising result if the openness of
the Czech economy is taken into account. The high degree of openness of the Czech
economy, with exports representing more than 75% of the GDP, is among others
probably main cause why the CNB’s instruments are not very efficient.

Poland, on the other hand, is larger economy with lower degree of openness than
Czech Republic. Monetary aggregate M1 and interest rate could be seen as an appro-
priate instruments for the NBP under the conditions of the normal output growth.
Testing of the short post-crisis period for Poland does not revealed any causality
among variables. Nevertheless Poland was economy that did not suffer from the eco-
nomic crisis as other European did, it seems that this was caused more by the fiscal
expansion connected with the fact that Poland biggest beneficiary among member
states of the money from the budget of the Europe Union more than by the effective
monetary policy. (Faris 2013)

Remarkable results are found in the interest rate testing within all economies for
the post-crisis period 2009-2013. None causality have been found between the all
analysed variables in this period. It supports the Krugman’s (2011) statement that
almost all advanced countries are in the situation of liquidity trap and monetary
policy became ineffective.
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6 Conclusion

The diploma thesis “Comparison of monetary policies of the ECB and selected Euro-
pean national banks in the crisis period” focused on the impact of monetary policy
over economic performance of the Eurozone, the Czech Republic and Poland. In this
thesis, monetary policy of the European Central Bank, the Czech National Bank and
the national bank of Poland were examined from several viewpoints. This examina-
tion was supposed to find answers to these research questions.

1. Whatare essential differences among the Eurozone’s, Czech and Polish economies
responsiveness to the monetary policy set by their monetary authorities?

2. Do selected central banks drive similar monetary policies? Does exist any crucial
difference among them?

3. Is monetary policy effective in case of selected European economies? Does histor-
ical quarter data obtained for periods from 1999 to 2013 and from 2009 to 2013
give prove of expected responsiveness of the output to the monetary policy ma-
nipulation as it should according to the economic theory in selected compared
European economies?

4. Is the common monetary policy effecting anyhow to economies of particular
member states of the Eurozone?

According to findings of the empirical research within altogether with the literary
investigation it is possible to declare that objectives of this thesis were successfully
fulfilled. Essential differences among the Eurozone’s, Czech and Polish economies
responsiveness to the monetary policy was found. The Polish and Eurozone’s both
economy react to the changes in the base of monetary aggregate M1 and the M2
monetary aggregate could be used to affect Eurozone. On the other hand, the Czech
Republic does not react on any of these. Hence it could be recommended to the Czech
National Bank to do not try quantitative easing in money base in situation where the
central bank needs to imply expansionary monetary policy and when it could not be
in opposite to the main objective of the central banks in sense of the unstable and
excessive growth in price level.

Compared central banks drive almost identical monetary policy. It is a policy of in-
flation targeting and banks have even set almost identical targeted inflation rate.
Both the Czech National Bank and the European Central bank set target of 2% and
the National Bank of Poland of 2.5%. Banks succeeded very well in keeping the
growth of overall price stable within years. This added credibility to the compared
economies and therefore the risk of the unexpected inflation and costs connected
with it were decreased. The policy of the inflation targeting seems to be successful
in these terms and the compared central banks appear to be credible because of
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their ability to accomplishing these objectives. Therefore recommendation to carry
on this policy further could be suitable for the ECB, the CNB and the NBP as well.

The compared Eurozone’s member states Germany and Austria are also influenced
by the monetary policy of the ECB. Economy of Germany seems to react in very sim-
ilar way to it as in case of the of the Eurozone as a whole economic area and Austrian
economy seems to be less influenced by it but still some impact of the ECB policy
over it exists. According to these findings, the ECB fulfils its function to promote in-
terests of the Eurozone over interest of particular members, nevertheless it looks
that Germany as the biggest member’s economy has enormous influence over it. On
the other hand, connection between the German economic performance and eco-
nomic performance of its business partners within the EU is vast. Therefore this pol-
icy could be reasonable and it could be recommended to remain.

According to findings, that monetary policy does not have essential impact over the
Czech economy, it could be stated that discussed costs of Euro acceptance in sense
oflosing independent monetary policy could be irrelevant and hence from this point
of view the Euro could be accepted by the Czech Republic. Therefore it could be rec-
ommended to accept the Euro and consequently lower the transaction costs and ex-
change rate risks for the economic agents.
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Correlogram 17 - Real GDP of Poland - long period, Source: Author’s Examination
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Correlogram 21 - Real monetary aggregate M1 of Eurozone - long period, Source: Author’s Examination



Correlograms 69

ACF foe d_|_rM1_Eurceane

T T T v T T
o4 b v LA6/T05 4
|
o2 fF I l B
n
0 1 I | | 1 I LI
0z F =
04 I
f 1 L L f L
[ z 4 & 8 U 1z
lag
PACF far d__rM1_Furozans
T T T T T T
04 1 ~L96/T*0.5 ——
0z f I I 4
af Ll I | 1 I 1 4
; | L
04 -
s L L L " L
] 2 4 6 8 ] 12

Correlogram 22 - first difference of the Eurozone’s log real M1 - long period, Source: Author’s Examination
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Correlogram 23 - Real monetary aggregate M1 of Eurozone - post-crisis period, Source: Author’s Examination
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Correlogram 24 - first difference of the Eurozone’s log real M1 - post-crisis period, Source: Author’s Examina-
tion
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Correlogram 25 - Czech real monetary aggregate M1- long period, Source: Author’s Examination
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Correlogram 26 - first difference of the Czech log real M1 - long period, Source: Author’s Examination
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Correlogram 27 - Czech real monetary aggregate M1- post-crisis period, Source: Author’s Examination
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Correlogram 28 - first difference of the Czech log real M1 - post-crisis period, Source: Author’s Examination
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Correlogram 29 - Real monetary aggregate M1 of Poland - long period, Source:
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Correlogram 30 - first difference of the Polish log real M1 - long period, Source: Author’s Examination
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Correlogram 31 - Real monetary aggregate M1 of Poland - post-crisis period, Source: Author’s Examination
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Correlogram 33 - Real monetary aggregate M2 of Eurozone - long period, Source: Author’s Examination
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Correlogram 34 - first difference of the Eurozone’s log real M2 - long period, Source: Author’s Examination
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Correlogram 35 - Real monetary aggregate M2 of Eurozone - post-crisis period, Source: Author’s Examination
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Correlogram 36 - first difference of the Eurozone’s log real M2 - post-crisis period, Source: Author’s Examina-

tion
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Correlogram 37 - Real monetary aggregate M2 of the Czech Republic - long period, Source: Author’s Examina-
tion
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Correlogram 38 - first difference of the Czech log real M2 - long period, Source: Author’s Examination
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Correlogram 39 - Real monetary aggregate M2 of the Czech Republic - post-crisis period, Source: Author’s Ex-
amination
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Correlogram 40 - first difference of the Czech log real M2 - post-crisis period, Source: Author’s Examination

ACF fr eM2_Paland

| ! v ' '
| I | | v 196/TH05
Wt I I O O I

05k 4
1 1 ! ! L 1 !
[ z 4 3 8 u 12
lag
PACF far £M2_Paland
1 T T T T T T
~L96/TH05 ——
0s k B
ot . . . 1 . " M 1 . . T
0.5
4 " . i L " "
0 z 4 6 8 0 12

Correlogram 41 - Real monetary aggregate M2 of Poland - long period, Source: Author’s Examination
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Correlogram 42 - first difference of the Polish log real M2 - long period, Source: Author’s Examination
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Correlogram 43 - Real monetary aggregate M2 of Poland - post-crisis period, Source: Author’s Examination
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Correlogram 44 - first difference of the Polish log real M2 - post-crisis period, Source: Author’s Examination
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Correlogram 45 - RIR of Eurozone - long period, Source: Author’s Examination
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Correlogram 46 - first difference of the Eurozone’s RIR - long period, Source: Author’s Examination
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Correlogram 47 - RIR of Eurozone - post-crisis period, Source: Author’s Examination
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Correlogram 48 - first difference of the Eurozone’s RIR - post-crisis period, Source: Author’s Examination
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Correlogram 49 - RIR of Germany - long period, Source: Author’s Examination
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Correlogram 50 - first difference of the German RIR - long period, Source: Author’s Examination
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Correlogram 51 - RIR of Germany - post-crisis period, Source: Author’s Examination
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Correlogram 52 - first difference of the German RIR - post-crisis period, Source: Author’s Examination
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Correlogram 53 - RIR of Austria - long period, Source: Author’s Examination
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Correlogram 54 - first difference of the Austrian RIR - long period, Source: Author’s Examination
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Correlogram 55 - RIR of Austria - post-crisis period, Source: Author’s Examination
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Correlogram 56 - first difference of the Austrian RIR - post-crisis period, Source: Author’s Examination
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Correlogram 57 - RIR of the Czech Republic - long period, Source: Author’s Examination
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Correlogram 58 - first difference of the Czech RIR - long period, Source: Author’s Examination
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Correlogram 59 - RIR of the Czech Republic - post-crisis period, Source: Author’s Examination
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Correlogram 60 - first difference of the Czech RIR - post-crisis period, Source: Author’s Examination



Correlograms

82

ACF far RIR_Polard

Correlogram 61 - RIR of Poland -

-0.1

03

03

ACF for d_RIR_ Poland

T T

T T
+- LO6/TH05

+ 196/TH.5
s [ || ]
| 1 1 a
. I I I IO I O |
05k -
Q ] 8 10 12
lag
PACF for RIR_Poland
1 T T T T
- L96/T"0.5 ——
0ns k =
of R — o B o]
0s
1] 6 8 0 12

long period, Source: Author’s Examination

oz
01

01
02

03

5]

02
01

02

! L 1
3 8 0
lag
PACF for d_RIR_Paland
T T T
~L96/T*05
. L . I ] ]
i L "
6 8 0

Correlogram 62 - first difference of the Polish RIR - long period, Source: Author’s Examination
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Correlogram 63 - RIR of Poland - post-crisis period, Source: Author’s Examination
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Correlogram 64 - first difference of the Polish RIR - post-crisis period, Source: Author’s Examination
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B Granger causality - results

Table B1: Results of Granger causality testing between the real GDP and real monetary aggregate
M1 in Eurozone - long period. Source: Author’s calculations

Monetary aggregate M1 — EUROZONE

Null hypothesis F-statistics p-value Decision

1 M1 does not Granger cause GDP 0.22707 0.6356 | Do not reject
GDP does not Granger cause M1 16.121 0.0002 Reject

> M1 does not Granger cause GDP 1,9682 0,15 Do not reject
e GDP does not Granger cause M1 7,8716 0.0011 Reject
T M1 does not Granger cause GDP 6,1314 0,0013 Reject
e GDP does not Granger cause M1 5,0193 0,0041 Reject
2 M1 does not Granger cause GDP 3,5128 0,0139 Reject
GDP does not Granger cause M1 2,8454 0,0344 Reject
5 M1 does not Granger cause GDP 3,0936 0,0179 Reject
GDP does not Granger cause M1 2,6546 0,0354 Reject
: M1 does not Granger cause GDP 2,4794 0,0392 Reject
GDP does not Granger cause M1 2,4881 0,0386 Reject

Table B2: Results of Granger causality testing between the real GDP and real monetary aggregate
M1 in Eurozone - post-crisis period. Source: Author’s calculations

Monetary aggregate M1 — EUROZONE

Null hypothesis F-statistics p-value Decision
1 M1 does not Granger cause GDP 2,1738 0,1611 | Do not reject
e GDP does not Granger cause M1 8,7423 0,0098 Reject
5 M1 does not Granger cause GDP 4,5930 0,033 Reject
GDP does not Granger cause M1 5,2023 0,0236 Reject
3 M1 does not Granger cause GDP 3,9733 0,0467 Reject
GDP does not Granger cause M1 3,0981 0,082 Do not reject
p M1 does not Granger cause GDP 2,2443 0,1799 | Do not reject
GDP does not Granger cause M1 9,8137 0,0084 Reject
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Table B3: Results of Granger causality testing between the real GDP and real monetary aggregate
M1 in Germany - long period. Source: Author’s calculations

Monetary aggregate M1 — Germany

Null hypothesis F-statistics p-value Decision
q M1 does not Granger cause GDP 0,0477 0,9056 | Do not reject
e GDP does not Granger cause M1 20,0440 0,0001 Reject
T M1 does not Granger cause GDP 0,6053 0,5497 | Do not reject
L GDP does not Granger cause M1 9,8280 0,0002 Reject
3 M1 does not Granger cause GDP 6,4980 0,0009 Reject
GDP does not Granger cause M1 6,5373 0,0008 Reject
4 M1 does not Granger cause GDP 3,3014 0,0185 Reject
GDP does not Granger cause M1 3,7542 0,0100 Reject
M1 does not Granger cause GDP 3,0278 0,0199 Reject
i GDP does not Granger cause M1 3,8816 0,0054 Reject
? M1 does not Granger cause GDP 2,7856 0,0233 Reject
GDP does not Granger cause M1 3,6733 0,0053 Reject

Table B4: Results of Granger causality testing between the real GDP and real monetary aggregate
M1 in Germany - post-crisis period. Source: Author’s calculations

Monetary aggregate M1 — Germany

Null hypothesis F-statistics p-value Decision
1 M1 does not Granger cause GDP 1,6497 0,2185 Do not reject
GDP does not Granger cause M1 13,0040 0,0026 Reject
) M1 does not Granger cause GDP 2,7012 0,1075 Do not reject
GDP does not Granger cause M1 4,6921 0,0312 Reject
5 M1 does not Granger cause GDP 3,4318 0,0657 | Do not reject
e GDP does not Granger cause M1 3,1762 0,0778 Do not reject
T M1 does not Granger cause GDP 2,8115 0,1245 | Do not reject
GDP does not Granger cause M1 2,2238 0,1825 | Do not reject
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Table B5: Results of Granger causality testing between the real GDP and real monetary aggregate
M1 in Austria - long period. Source: Author’s calculations

Monetary aggregate M1 — Austria

Null hypothesis F-statistics p-value Decision
M1 does not Granger cause GDP 0,0341 0,8542 | Do not reject
i GDP does not Granger cause M1 10,085 0,0025 Reject
T M1 does not Granger cause GDP 2,8404 0,0675 | Do not reject
L GDP does not Granger cause M1 5,4981 0.0068 Reject
3 M1 does not Granger cause GDP 4.0803 0.0115 Reject
GDP does not Granger cause M1 2,8846 0.0450 Reject
4 M1 does not Granger cause GDP 2,4370 0,0604 Do not reject
GDP does not Granger cause M1 1,0008 0,4169 Do not reject
5 M1 does not Granger cause GDP 2,3384 0,0579 | Do not reject
e GDP does not Granger cause M1 1,7761 0,1381 Do not reject
? M1 does not Granger cause GDP 3,4456 0,0077 Reject
GDP does not Granger cause M1 2,0440 0,082 Do not reject

Table B6: Results of Granger causality testing between the real GDP and real monetary aggregate
M1 in Austria - post-crisis period. Source: Author’s calculations

Monetary aggregate M1 — Austria

Null hypothesis F-statistics p-value Decision

1 M1 does not Granger cause GDP 1,8130 0,1981 Do not reject

GDP does not Granger cause M1 0,1012 0,0177 Reject
) M1 does not Granger cause GDP 0,7446 0,4957 Do not reject
GDP does not Granger cause M1 0,9835 0,0888 Do not reject
5 M1 does not Granger cause GDP 1,0236 0,427 Do not reject
e GDP does not Granger cause M1 1,9804 0,1875 Do not reject
T M1 does not Granger cause GDP 1,3750 0,3458 | Do not reject
GDP does not Granger cause M1 1,7077 0,6153 | Do not reject
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Table B7: Results of Granger causality testing between the real GDP and real monetary aggregate
M1 in the Czech Republic - long period. Source: Author’s calculations

Monetary aggregate M1 — The Czech Republic

Null hypothesis F-statistics p-value Decision

q M1 does not Granger cause GDP 0,0308 0,8612 | Do not reject
e GDP does not Granger cause M1 2,333 0,1324 Do not reject
T M1 does not Granger cause GDP 0,4435 0,6442 | Do not reject
L GDP does not Granger cause M1 1,1957 0,3107 | Do not reject
3 M1 does not Granger cause GDP 0,5980 0,6194 Do not reject
GDP does not Granger cause M1 0,6483 0,5878 | Do not reject

4 M1 does not Granger cause GDP 0,8351 0,51 Do not reject
GDP does not Granger cause M1 1,3195 0,2769 Do not reject

M1 does not Granger cause GDP 0,1310 0,3586 | Do not reject

i GDP does not Granger cause M1 0,6319 0,6764 Do not reject
? M1 does not Granger cause GDP 0,9185 0,4919 | Do not reject
GDP does not Granger cause M1 0,7277 0,6299 | Do not reject

Table B8: Results of Granger causality testing between the real GDP and real monetary aggregate M1 in the
Czech Republic - post-crisis period. Source: Author’s calculations

Monetary aggregate M1 — The Czech Republic

Null hypothesis F-statistics p-value Decision

1 M1 does not Granger cause GDP 0,0228 0,8821 Do not reject
GDP does not Granger cause M1 1,2226 0,2863 | Do not reject

> M1 does not Granger cause GDP 0,1299 0,8794 | Do not reject
e GDP does not Granger cause M1 1,3012 0,308 Do not reject
T M1 does not Granger cause GDP 1,1286 0,3882 | Do not reject
e GDP does not Granger cause M1 0,9346 0,4632 Do not reject
2 M1 does not Granger cause GDP 1,4363 0,3289 Do not reject
GDP does not Granger cause M1 2,7905 0,1261 | Do not reject
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Table B9: Results of Granger causality testing between the real GDP and real monetary aggregate M1 in Poland
- long period. Source: Author’s calculations

Monetary aggregate M1 — Poland

Null hypothesis F-statistics p-value Decision

1 M1 does not Granger cause GDP 0,0449 0,833 Do not reject
GDP does not Granger cause M1 0,15315 0,6971 Do not reject

> M1 does not Granger cause GDP 6,3562 0,0034 Reject
e GDP does not Granger cause M1 1,8203 0,1721 Do not reject

3 M1 does not Granger cause GDP 6,0074 0,0014 Reject

L GDP does not Granger cause M1 5,2572 0,0032 Reject

2 M1 does not Granger cause GDP 4,5693 0,034 Reject
GDP does not Granger cause M1 1,2444 0,3055 | Do not reject

5 M1 does not Granger cause GDP 3,4135 0,011 Reject
GDP does not Granger cause M1 1,2918 0,2852 Do not reject
: M1 does not Granger cause GDP 1,3714 0,2497 | Do not reject
GDP does not Granger cause M1 0,6405 0,6972 Do not reject

Table B10: Results of Granger causality testing between the real GDP and real monetary aggregate M1 in Po-
land - post-crisis period. Source: Author’s calculations

Monetary aggregate M1 — Poland

Null hypothesis F-statistics p-value Decision

1 M1 does not Granger cause GDP 0,0826 0,7777 Do not reject
GDP does not Granger cause M1 1,7084 0,2109 | Do not reject

) M1 does not Granger cause GDP 0,7885 0,4767 Do not reject
GDP does not Granger cause M1 0,8983 0,433 Do not reject

5 M1 does not Granger cause GDP 2,7853 0,102 Do not reject
e GDP does not Granger cause M1 1,2120 0,3602 Do not reject
T M1 does not Granger cause GDP 2,6803 0,1351 | Do not reject
GDP does not Granger cause M1 1,5361 0,3036 | Do not reject
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Table B11: Results of Granger causality testing between the real GDP and real monetary aggregate M2 in Euro-
zone - long period. Source: Author’s calculations

Monetary aggregate M2 — EUROZONE

Null hypothesis F-statistics p-value Decision

1 M2 does not Granger cause GDP 8,0356 0,064 Reject
GDP does not Granger cause M2 0,2615 0,6112 Do not reject

> M2 does not Granger cause GDP 11,7020 0,0001 Reject
e GDP does not Granger cause M2 1,3517 0,2979 Do not reject

M2 does not Granger cause GDP 7,4955 0,0003 Reject
i GDP does not Granger cause M2 1,5823 0,2059 | Do not reject

2 M2 does not Granger cause GDP 4,9246 0,0022 Reject
GDP does not Granger cause M2 1,1492 0,3458 | Do not reject

5 M2 does not Granger cause GDP 3,6617 0,0077 Reject
GDP does not Granger cause M2 0,6267 0,6803 Do not reject

: M2 does not Granger cause GDP 3,5703 0,0065 Reject
GDP does not Granger cause M2 0,7390 0,6214 Do not reject

Table B12: Results of Granger causality testing between the real GDP and real monetary aggregate M2 in Euro-
zone - post-crisis period. Source: Author’s calculations

Monetary aggregate M2 — EUROZONE

Null hypothesis F-statistics p-value Decision

1 M2 does not Granger cause GDP 7,3577 0,0161 Reject
GDP does not Granger cause M2 4,2050 0,0582 | Do not reject

) M2 does not Granger cause GDP 5,8648 0,0167 Reject
GDP does not Granger cause M2 2,9191 0,0927 Do not reject
5 M2 does not Granger cause GDP 1,9670 0,1896 | Do not reject
e GDP does not Granger cause M2 0,4651 0,7137 Do not reject
T M2 does not Granger cause GDP 0,8973 0,52 Do not reject
GDP does not Granger cause M2 1,4192 0,3335 | Do not reject
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Table B13: Results of Granger causality testing between the real GDP and real monetary aggregate M2 in Ger-
many - long period. Source: Author’s calculations

Monetary aggregate M2 — Germany

Null hypothesis F-statistics p-value Decision

1 M2 does not Granger cause GDP 0,5215 0,4733 Do not reject

GDP does not Granger cause M2 6,4277 0,0141 Reject

> M2 does not Granger cause GDP 5,3317 0,0078 Reject
e GDP does not Granger cause M2 2,7502 0,0732 Do not reject

M2 does not Granger cause GDP 6,3999 0,001 Reject
i GDP does not Granger cause M2 0,3325 0,8019 | Do not reject

2 M2 does not Granger cause GDP 2,9881 0,0248 Reject
GDP does not Granger cause M2 0,9786 0,4285 | Do not reject

5 M2 does not Granger cause GDP 2,9744 0,0216 Reject
GDP does not Granger cause M2 0,8421 0,5275 Do not reject

: M2 does not Granger cause GDP 2,8210 0,022 Reject
GDP does not Granger cause M2 0,3617 0,8987 Do not reject

Table B14: Results of Granger causality testing between the real GDP and real monetary aggregate M2 in Ger-
many - post-crisis period. Source: Author’s calculations

Monetary aggregate M2 — Germany

Null hypothesis F-statistics p-value Decision

1 M2 does not Granger cause GDP 10,7180 0,0051 Reject
GDP does not Granger cause M2 1,6921 0,213 Do not reject

) M2 does not Granger cause GDP 5,3004 0,0224 Reject
GDP does not Granger cause M2 2,1989 0,1536 Do not reject
5 M2 does not Granger cause GDP 2,3893 0,1364 | Do not reject
e GDP does not Granger cause M2 0,3233 0,8086 Do not reject
T M2 does not Granger cause GDP 1,0649 0,4491 | Do not reject
GDP does not Granger cause M2 0,7362 0,5999 | Do not reject
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Table B15: Results of Granger causality testing between the real GDP and real monetary aggregate M2 in Aus-
tria - long period. Source: Author’s calculations

Monetary aggregate M2 — Austria

Null hypothesis F-statistics p-value Decision

1 M2 does not Granger cause GDP 0,0086 0,9264 Do not reject
GDP does not Granger cause M2 2,0700 0,1559 Do not reject
> M2 does not Granger cause GDP 2,4050 0,1002 | Do not reject
e GDP does not Granger cause M2 2,6076 0,0833 Do not reject

3 M2 does not Granger cause GDP 3,0583 0,0368 Reject
L GDP does not Granger cause M2 2,1677 0,1037 | Do not reject
2 M2 does not Granger cause GDP 1,8264 0,1399 Do not reject
GDP does not Granger cause M2 2,3548 0,0676 | Do not reject
5 M2 does not Granger cause GDP 1,4330 0,2318 Do not reject
GDP does not Granger cause M2 1,5681 0,1895 Do not reject
: M2 does not Granger cause GDP 1,4296 0,2275 | Do not reject
GDP does not Granger cause M2 1,1712 0,3409 Do not reject

Table B16: Results of Granger causality testing between the real GDP and real monetary aggregate M2 in Aus-
tria - post-crisis period. Source: Author’s calculations

Monetary aggregate M2 — Austria

Null hypothesis F-statistics p-value Decision

1 M2 does not Granger cause GDP 0,6731 0,4248 Do not reject
GDP does not Granger cause M2 0,8592 0,1928 | Do not reject

) M2 does not Granger cause GDP 1,2056 0,3333 Do not reject
GDP does not Granger cause M2 1,5722 0,2475 Do not reject

5 M2 does not Granger cause GDP 0,8394 0,5057 | Do not reject
e GDP does not Granger cause M2 1,6431 0,2476 Do not reject
T M2 does not Granger cause GDP 0,6256 0,6617 | Do not reject
GDP does not Granger cause M2 0,7791 0,5775 | Do not reject
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Table B17: Results of Granger causality testing between the real GDP and real monetary aggregate M2 in the
Czech Republic - long period. Source: Author’s calculations

Monetary aggregate M2 — the Czech Republic

Null hypothesis F-statistics p-value Decision

1 M2 does not Granger cause GDP 2,1661 0,1468 Do not reject
GDP does not Granger cause M2 2,0613 0,1567 Do not reject
> M2 does not Granger cause GDP 1,0461 0,3586 | Do not reject
e GDP does not Granger cause M2 0,7513 0,4768 Do not reject
3 M2 does not Granger cause GDP 0,8555 0,4705 | Do not reject
L GDP does not Granger cause M2 0,6440 0,5904 | Do not reject
2 M2 does not Granger cause GDP 1,5210 0,2118 Do not reject
GDP does not Granger cause M2 2,2948 0,0735 | Do not reject
5 M2 does not Granger cause GDP 1,8708 0,1195 Do not reject
GDP does not Granger cause M2 2,3700 0,0551 Do not reject
: M2 does not Granger cause GDP 1,6144 0,1684 | Do not reject

GDP does not Granger cause M2 2,8012 0,0227 Reject

Table B18: Results of Granger causality testing between the real GDP and real monetary aggregate M2 in the
Czech Republic - post-crisis period. Source: Author’s calculations

Monetary aggregate M2 — The Czech Republic

Null hypothesis F-statistics p-value Decision

1 M2 does not Granger cause GDP 0,2771 0,6063 Do not reject
GDP does not Granger cause M2 0,2236 0,6431 | Do not reject

) M2 does not Granger cause GDP 0,2507 0,7823 Do not reject
GDP does not Granger cause M2 0,6734 0,5282 Do not reject

5 M2 does not Granger cause GDP 0,0233 0,9948 | Do not reject
e GDP does not Granger cause M2 0,5187 0,6798 Do not reject
T M2 does not Granger cause GDP 0,3118 0,8605 | Do not reject
GDP does not Granger cause M2 1,2108 0,3964 | Do not reject
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Table B19: Results of Granger causality testing between the real GDP and real monetary aggregate M2 in Po-
land - long period. Source: Author’s calculations

Monetary aggregate M2 — Poland

Null hypothesis F-statistics p-value Decision

1 M2 does not Granger cause GDP 0,8590 0,3581 Do not reject
GDP does not Granger cause M2 0,6171 0,4355 Do not reject

> M2 does not Granger cause GDP 0,4237 0,6569 | Do not reject
e GDP does not Granger cause M2 0,4901 0,6154 Do not reject
3 M2 does not Granger cause GDP 0,4139 0,7437 | Do not reject
L GDP does not Granger cause M2 0,3328 0,8017 | Do not reject
2 M2 does not Granger cause GDP 0,3922 0,8131 Do not reject
GDP does not Granger cause M2 0,2611 0,9014 | Do not reject

5 M2 does not Granger cause GDP 0,3615 0,872 Do not reject
GDP does not Granger cause M2 0,4870 0,7841 Do not reject

: M2 does not Granger cause GDP 0,0766 0,9981 | Do not reject
GDP does not Granger cause M2 1,0944 0,3825 Do not reject

Table B20: Results of Granger causality testing between the real GDP and real monetary aggregate M2 in Po-
land - post-crisis period. Source: Author’s calculations

Monetary aggregate M2 — Poland

Null hypothesis F-statistics p-value Decision

1 M2 does not Granger cause GDP 0,0480 0,8295 Do not reject
GDP does not Granger cause M2 0,6788 0,4229 | Do not reject

) M2 does not Granger cause GDP 0,1822 0,8357 Do not reject
GDP does not Granger cause M2 0,5941 0,5675 Do not reject

5 M2 does not Granger cause GDP 0,3756 0,7729 | Do not reject
e GDP does not Granger cause M2 0,4540 0,7209 Do not reject
T M2 does not Granger cause GDP 3,7021 0,0752 | Do not reject
GDP does not Granger cause M2 2,5281 0,1489 | Do not reject
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Table B21: Results of Granger causality testing between the real GDP and RIR in Eurozone - long period.
Source: Author’s calculations

Real Interest Rate (RIR) — EUROZONE

Null hypothesis F-statistics p-value Decision
<1 RIR does not Granger cause GDP 2,9740 0.0917 | Do not reject
GDP does not Granger cause RIR 0,9685 0.3294 | Do not reject
> RIR does not Granger cause GDP 3,0942 0,0457 Reject
[ GDP does not Granger cause RIR 1,5809 0,2155 Do not reject
3 RIR does not Granger cause GDP 3,1653 0,0326 Reject
| GDP does not Granger cause RIR 1,7081 0,1776 | Do not reject
2 RIR does not Granger cause GDP 2,4026 0,0633 Do not reject
GDP does not Granger cause RIR 3,809 0,0093 Reject
5 RIR does not Granger cause GDP 1,9008 0,1141 Do not reject
GDP does not Granger cause RIR 3,0755 0,0185 Reject
: RIR does not Granger cause GDP 0,5140 0,7942 | Do not reject
GDP does not Granger cause RIR 3,1291 0,0131 Reject

Table B22: Results of Granger causality testing between the real GDP and RIR in Eurozone -
post-crisis period. Source: Author’s calculations

Monetary aggregate RIR — EUROZONE

Null hypothesis F-statistics p-value Decision
1 RIR does not Granger cause GDP 0,7598 0,1208 Do not reject
GDP does not Granger cause RIR 0,5463 0,4713 | Do not reject
) RIR does not Granger cause GDP 1,7084 0,2224 Do not reject
GDP does not Granger cause RIR 1,0685 0,3741 Do not reject
3 RIR does not Granger cause GDP 0,9174 0,4706 Do not reject
GDP does not Granger cause RIR 1,5511 0,2677 | Do not reject
B RIR does not Granger cause GDP 0,8446 0,5448 Do not reject
GDP does not Granger cause RIR 3,5040 0,0835 Do not reject
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Table B23: Results of Granger causality testing between the real GDP and RIR in Germany - long period.
Source: Author’s calculations

Real Interest Rate (RIR) — Germany

Null hypothesis F-statistics p-value Decision
1 RIR does not Granger cause GDP 0,0005 0.9823 | Do not reject
GDP does not Granger cause RIR 5,6944 0,0205 Reject
> RIR does not Granger cause GDP 1,6543 0,2011 | Do not reject
[ GDP does not Granger cause RIR 4,0119 0,024 Reject
3 RIR does not Granger cause GDP 2,3113 0,0877 | Do not reject
| GDP does not Granger cause RIR 2,5172 0,069 Do not reject
2 RIR does not Granger cause GDP 1,7984 0,1454 Do not reject
GDP does not Granger cause RIR 1,3533 0,2648 | Do not reject
5 RIR does not Granger cause GDP 1,3559 0,2597 Do not reject
GDP does not Granger cause RIR 1,6466 0,1683 Do not reject
: RIR does not Granger cause GDP 1,6676 0,1543 | Do not reject
GDP does not Granger cause RIR 1,3635 0,2528 Do not reject

Table B24: Results of Granger causality testing between the real GDP and RIR in Germany -
post-crisis period. Source: Author’s calculations

Monetary aggregate RIR — Germany

Null hypothesis F-statistics p-value Decision
1 RIR does not Granger cause GDP 0,0414 0,8414 Do not reject
GDP does not Granger cause RIR 2,0209 0,1756 | Do not reject
) RIR does not Granger cause GDP 1,4619 0,2703 Do not reject
GDP does not Granger cause RIR 0,9133 0,4274 Do not reject
3 RIR does not Granger cause GDP 0,8241 0,5129 Do not reject
GDP does not Granger cause RIR 0,0751 0,9719 | Do not reject
2 RIR does not Granger cause GDP 1,4953 0,3137 Do not reject
GDP does not Granger cause RIR 0,2195 0,9181 Do not reject
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Table B25: Results of Granger causality testing between the real GDP and RIR in Austria - long period. Source:
Author’s calculations

Real Interest Rate (RIR) — Austria

Null hypothesis F-statistics p-value Decision
1 RIR does not Granger cause GDP 1,4948 0,2267 Do not reject
GDP does not Granger cause RIR 0,6386 0,4277 Do not reject
> RIR does not Granger cause GDP 1,2475 0,2957 | Do not reject
[ GDP does not Granger cause RIR 1,9957 0,1462 Do not reject
3 RIR does not Granger cause GDP 1,8265 0,1546 | Do not reject
| GDP does not Granger cause RIR 1,7328 0,1725 | Do not reject
2 RIR does not Granger cause GDP 1,502 0,2172 Do not reject
GDP does not Granger cause RIR 5,581 0,001 Reject
5 RIR does not Granger cause GDP 1,5601 0,1918 Do not reject
GDP does not Granger cause RIR 3,1271 0,017 Reject
: RIR does not Granger cause GDP 1,5031 0,202 Do not reject
GDP does not Granger cause RIR 2,7728 0,0238 Reject

Table B26: Results of Granger causality testing between the real GDP and RIR in Austria -
post-crisis period. Source: Author’s calculations

Monetary aggregate RIR — Austria

Null hypothesis F-statistics p-value Decision
1 RIR does not Granger cause GDP 0,4962 0,492 Do not reject
GDP does not Granger cause RIR 0,1969 0,6636 | Do not reject
) RIR does not Granger cause GDP 0,2290 0,7987 Do not reject
GDP does not Granger cause RIR 0,3107 0,7386 Do not reject
3 RIR does not Granger cause GDP 0,9785 0,445 Do not reject
GDP does not Granger cause RIR 0,1824 0,9057 | Do not reject
2 RIR does not Granger cause GDP 0,6509 0,6471 Do not reject
GDP does not Granger cause RIR 0,7537 0,2564 | Do not reject
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Table B27: Results of Granger causality testing between the real GDP and RIR in the Czech Republic - long pe-
riod. Source: Author’s calculations

Real Interest Rate (RIR) — The Czech Republic

Null hypothesis F-statistics p-value Decision

1 RIR does not Granger cause GDP 4,6220 0,036 Reject
GDP does not Granger cause RIR 2,5750 0,1143 Do not reject

> RIR does not Granger cause GDP 4,5595 0,015 Reject
[ GDP does not Granger cause RIR 1,3577 0,2662 Do not reject

3 RIR does not Granger cause GDP 3,0372 0,0387 Reject
| GDP does not Granger cause RIR 1,1169 0,3522 | Do not reject
2 RIR does not Granger cause GDP 2,3905 0,0644 Do not reject
GDP does not Granger cause RIR 0,89136 0,4768 | Do not reject
5 RIR does not Granger cause GDP 1,6988 0,1555 Do not reject
GDP does not Granger cause RIR 0,9070 0,4854 Do not reject
: RIR does not Granger cause GDP 1,6557 0,1573 | Do not reject
GDP does not Granger cause RIR 1,215 0,3188 Do not reject

Table B28: Results of Granger causality testing between the real GDP and RIR in the Czech Republic
- post-crisis period. Source: Author’s calculations

Monetary aggregate RIR — The Czech Republic

Null hypothesis F-statistics p-value Decision

1 RIR does not Granger cause GDP 3,0099 0,0875 | Do not reject
L GDP does not Granger cause RIR 1,0193 0,3287 | Do not reject
5 RIR does not Granger cause GDP 2,3053 0,1547 Do not reject
GDP does not Granger cause RIR 0,0424 0,9586 | Do not reject

RIR does not Granger cause GDP 1,5345 0,1954 Do not reject

i GDP does not Granger cause RIR 0,1396 0,9337 | Do not reject
B RIR does not Granger cause GDP 2,7711 0,1276 | Do not reject
GDP does not Granger cause RIR 0,1729 0,9444 Do not reject
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Table B29: Results of Granger causality testing between the real GDP and RIR in Poland - long pe-
riod. Source: Author’s calculations

Real Interest Rate (RIR) — Poland

Null hypothesis F-statistics p-value Decision

q RIR does not Granger cause GDP 3,1271 0,017 Reject
[ GDP does not Granger cause RIR 2,9155 0,0934 Do not reject

T RIR does not Granger cause GDP 3,053 0,0356 Reject
| GDP does not Granger cause RIR 1,6320 0,2054 | Do not reject
3 RIR does not Granger cause GDP 0,2483 0,8622 Do not reject
GDP does not Granger cause RIR 1,2884 0,2888 | Do not reject
4 RIR does not Granger cause GDP 1,6104 0,1877 Do not reject
GDP does not Granger cause RIR 0,9759 0,43 Do not reject
5 RIR does not Granger cause GDP 0,3434 0,8836 | Do not reject
[ GDP does not Granger cause RIR 1,1005 0,3742 Do not reject
? RIR does not Granger cause GDP 0,3768 0,8894 | Do not reject
GDP does not Granger cause RIR 0,95517 0,4675 | Do not reject

Table B30: Results of Granger causality testing between the real GDP and RIR in Poland -
post-crisis period. Source: Author’s calculations

Monetary aggregate RIR — Poland

Null hypothesis F-statistics p-value Decision
1 RIR does not Granger cause GDP 0,1577 0,6969 Do not reject
GDP does not Granger cause RIR 1,6981 0,2122 | Do not reject
) RIR does not Granger cause GDP 0,2057 0,8169 Do not reject
GDP does not Granger cause RIR 1,3446 0,2972 Do not reject
3 RIR does not Granger cause GDP 2,1830 0,1598 Do not reject
GDP does not Granger cause RIR 0,9456 0,4586 | Do not reject
2 RIR does not Granger cause GDP 1,7197 0,2631 Do not reject
GDP does not Granger cause RIR 0,7104 0,6138 | Do not reject
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