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Supervisor: doc. Roman Horváth Ph.D.
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Abstract

In this thesis we examine the interactions of bank liquidity creation and real

economy using vector autoregression model. We selected inflation, unemploy-

ment rate and interest rate as basic economic variables which theoretically

could influence bank liquidity creation. We decided to examine the reverse

relationship whether bank liquidity creation has a significant impact on real

economy. We study these interactions using data from Czech Republic within

ten-year period from 2000 to 2010.

Our results suggest that macroeconomic fluctuations have a significant impact

on bank liquidity creation. The results also support our reverse hypothesis that

higher liquidity creation can improve macroeconomic conditions.

Keywords Vector Autoregression, Financial Crisis, Liquid-

ity Creation, Banking, Real Economy
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Abstrakt

V této práci budeme zkoumat vztah mezi tvorbou bankovńı likvidity a reálnou

ekonomikou pomoćı modelu vektorové autoregrese. Jako základńı ekonomické

proměnné, které mohou ovlivňovat tvorbu bankovńı likvidity, jsme vybrali in-

flaci, nezaměstnanost a úrokovou mı́ru. Zkoumáme také opačný vztah, jak

tvorba bankovńı likvidity ovlivňuje reálnou ekonomiku. Naš́ı analýzu provád́ıme

na datech z České republiky za obdob́ı od roku 2000 až 2010.

Naše výsledky poukazuj́ı na to, že makroekonomické výkyvy maj́ı signifikantńı

vliv na tvorbu likvidity. Výsledky také potvrzuj́ı naši opačnou teorii, že vyšš́ı

tvorba likvidity může zlepšovat makroekonomické podmı́nky.

Kĺıčová slova Vektorová autoregrese, finančńı krize,

tvorba likvidity, bankovnictv́ı, reálná

ekonomika
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Chapter 1

Introduction

In the recent years we observe a big increase in interest of examining the in-

teractions between macroeconomic fluctuations and development of financial

sector. The interest of examining these issues seriously increased after the lat-

est financial crisis. We want to shed light on the macro-finance interactions

in this work. The objective of our thesis is to find some relationships between

bank liquidity creation and macroeconomy. We have available complete data

for bank liquidity creation only for the years 2000-2010, so we focus on this

period in our thesis.

We use the vector autoregression approach to examine interactions between

macroeconomy and liquidity creation. We are motivated to use this method-

ology by the paper written by Havránek, Horváth and Matěj̊u (2010), where

they used similar approach to study the interactions of financial variables and

macroeconomy. We continue the work of Horváth, Seidler and Weill (2013)

in which the authors followed Berger and Bouwman (2009). Horváth, Seidler,

and Weill introduced some new measures of liquidity creation, and constructed

similar measures for Czech Republic bank industry. These measures we use

in our thesis. Horváth, Seidler, and Weill investigated the relation between

capital and liquidity creation performing Granger-causality tests on dataset of

Czech banks from 2000 to 2010. We use the same dataset of banks to examine

the relationship between macroeconomy and liquidity creation. We did not

find any reference to a similar analysis in the literature, so we believe that our

work represents an original research.

Our aim is to provide evidence, that there exists some impact of macroeco-
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nomic fluctuations on liquidity creation. We examine also the reverse relation

- the effect of change in liquidity creation on macroeconomic development. We

formulate four hypotheses in section 2.7 that we are trying to support.

The thesis is structured as follows. Section 2 describes the macroeconomic

environment and development of banking sector in the Czech Republic during

the considered period. We introduce also the concept of liquidity creation; we

discuss our hypothesis and compare our ideas with associated literature. Sec-

tion 3 forms the fundamental part of our thesis. We use the empirical approach

Vector Autoregression (VAR) in it. We discuss the methodology we used, apply

the VAR approach to our data and provide the results. This thesis is finished

by section 4, where we discuss our results.



Chapter 2

Background

2.1 Development of Banking Sector in the Czech

Republic

Financial sector in the Czech Republic is clearly dominated by banks. It is two-

tier banking system, with the central bank providing macroeconomic stability

and commercial banks ensuring efficient allocation of credit.(Tůma, 2002) At

the end of the year 2010 the Czech banking sector was still relatively underde-

veloped against to other Eurozone countries.(Horváth, Seidler and Weill, 2013)

The first decade after 1989 (the change to market economy) was characteristic

by privatization of large banks. Czech banking sector faced similar problems as

other post-communist countries, i.e. lack of know-how, problems with inherited

bad loans, a lack of regulation and entrepreneurial history. In 1992 the large

banks were transformed into joint-stock companies and remain under state con-

trol until late 1990s. License to newly created banks and foreign banks were

granted freely to support competition in the banking sector in the early 1990s.

This led to a big increase in the number of banks in Czech banking system.

After the year 2001 most of our banks have foreign owners, mainly from other

EU countries. There was a big credit growth, mainly to households, between

the years 2003 and 2007. It was financed mostly by Czech currency deposits,

which is notable exception in Central and Eastern Europe. A huge amount of

loans to households was also provided in Czech currency, which minimizes the

risk of fluctuations in exchange rate.

High capital of Czech banks and small non-performing loans ratio at the end
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of the 2010 can be considered as a proof of good condition of Czech banking

sector. Thanks to this Czech banking sector was not hit so much by the crisis

and Czech banks did not need government support. The Czech banking sector

is considered to be liquid because about 70% of liabilities are created by client

deposits.(Horváth, Seidler and Weill, 2013)

2.2 Liquidity of Commercial Banks

Liquidity is defined as immediate ability of banks to meet their obligations.

Liquidity of commercial bank is based on the fundamental function of banks

as financial intermediaries whose task is to ensure the flow of funds between

depositors and borrowers. We can measure it on the side of assets or liabili-

ties. Liquidity on assets side represents the ability of bank quickly to monetize

assets with the smallest possible loss of price. Bank liquidity on the liabilities

side can be characterized by ability to obtain the necessary cash at the price

of the market interest rate.(Helanová, 2006) The entire principle of banking is

based on the liquidity risk. Banks are in fact permanently illiquid. If all clients

want to pay their overnight deposits back at the same time, banks are never

able to do this, because they do not have this money in cash, but they have it

in different forms of assets.

As we can see, there can be incompatibilities between transforming illiquid

assets to liquid demand deposits, because depositors can demand for liquidity

in a ”wrong time”. It may result in the fire-sale liquidation of illiquid assets

and it can threaten banking activities. Serious disruption in liquidity usually

causes lack of confidence from clients, which can lead to ”bank run”, which

would jeopardize the stability of the bank. Due to this inconvenience regula-

tors protect the banks in most countries.(Diamond and Rajan, 1999)

2.3 Liquidity Creation

There are many definitions of liquidity. But we have to distinguish between

bank liquidity and liquidity creation. According to Horváth, Seidler and Weill

(2013) the definition of liquidity creation could be formulated as follows:

”. . . a comprehensive measure of a bank’s overall ability to finance relatively

illiquid assets with relatively liquid liabilities and thereby serve as a financial

intermediary.”(Horváth, Seidler and Weill, 2013, p. 2)
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In modern financial theory liquidity creation together with the transformation

of risk is one of the key roles of banks in economy and it is considered to be

the main reason why banks exist. Banks create liquidity by financing relatively

illiquid assets by relatively liquid liabilities. By relatively illiquid asset we mean

for example loans or some types of debt instruments and they are financed by

liquid liabilities such as volatile demand deposits. Creation of liquidity is really

important for the whole economy, as it has been shown during the last financial

crisis.(Berger and Bouwman, 2009)

How Do Banks Create Liquidity?

In this section we will introduce the concept of liquidity creation described

in Diamond (2007). Banks create liquidity by offering demand deposits that

are more liquid than assets held by banks. There is a high demand for more

liquid assets from investors, because assets that investors can hold directly are

mostly illiquid. Hence offering of liquid demand deposits is an important func-

tion of banks. Liquid deposits are deposits which have a small loss from an

early liquidation. By an illiquid asset we mean an asset for which the proceeds

from liquidation at some date are less than the present value of its payoff on

some future date. Because depositors demand more liquid assets than they

can directly hold, banks offer them liquid deposits, which have a smaller loss

from early liquidation. Banks create liquidity by providing liquid deposits and

investing in the illiquid assets.

Banks offer higher returns to the investors, who withdraw their money later.

At the same time bank invest in some illiquid assets, i.e. loans. However some

depositors decide to withdraw their money sooner, because they need it. These

investors get fewer amounts than those, who remain. Thus a part of bank’s

portfolio has to be liquidated. However other investors will keep their money in

the bank until some future date, when the value of assets is higher. According

to Diamond (2007), this transformation of liquidity is one of the main functions

of banks.

Bank Runs

Bank runs can arise when investors lose their faith in banks, due to some bad

news about poor bank conditions and so on. Because investors do not know

what the others plan to do, they want to withdraw quickly their money for
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safety. Banks can defend against bank runs through various ways. One method

is to suspend convertibility of deposits to cash, which means that banks do not

allow withdrawing more than fractions of deposits. This can save banks from

bank runs, but it is an unpopular method. More popular method is deposit

insurance, which is an alternative way how to stop bank runs. This is based

on agreement to pay promised amount back. The government may also play

an important role - it can provide usually better guarantee against large losses

than other insurance companies thanks to its taxation authority.(Diamond,

2007)

2.4 Liquidity Creation in Czech Republic

Czech National Bank regulates and supervises the Czech banking sector and

issues a series of provisions related to liquidity of banks. The provisions say

for instance that a bank has to have an appropriate liquidity strategy; that it

should reduce liquidity risk, etc. These requirements represent a basic frame-

work for the bank liquidity management. All banks have to report the state

of their liquidity to the Czech National Bank (CNB) and CNB also handles

the acquired information about the liquidity of the Czech banking sector as a

whole.
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Figure 2.1: Plot of Bank Liquidity Creation

Source: Author.

Notes: We used data from Horváth, Seidler and Weill (2013) which contain 31 banks
with 3821 monthly observations; we considered broad measure. The series represents
aggregated volumes of created liquidity in millions of Czech crowns adjusted to inflation
(Base 2005 = 100).

As we can see from Figure 2.1, the amount of liquidity created in banks in

Czech Republic increased almost four times during this period. It increased

from 302.4 million of Czech koruna (CZK) in 2000 to 1289.3 million at the

end of the year 2010. The growth during the early 2000s was stimulated by

decrease of interest rates and inflation. Financial crisis has not been associated

with decrease of the liquidity; only the growth was slowing down, which reflects

good financial health of the Czech banking industry. Large banks create the

most part of liquidity in the Czech Republic, in both absolute and relative

terms (relative to their size), which is consistent with the results from the U.S.

situation. However, difference between the two measures, broad and narrow,

plays a minor role in the Czech Republic.(Horváth, Seidler and Weill, 2013)

2.5 Macroeconomic Environment of the Czech Re-

public

Development of liquidity creation seems to be connected to the development of

macroeconomic conditions of the Czech Republic. In this section we will focus

on development of some macroeconomic indicators during this period.
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Figure 2.2: Development of GDP growth, unemployment, inflation
rate and interest rate

Source: Author. CNB (2013a), CNB (2013b), CZSO (2013b), CZSO (2013a).

Notes: We used annual data from CNB and Czech Statistical Office (CZSO). Gross
Domestic Product (GDP) growth is annual change in GDP, inflation rate is annual change in
Consumer Price Index (CPI), and interest rate is Prague InterBank Offered Rate (PRIBOR)
3M.

The Czech economy was recovering from the previous economic downturn at

the beginning of this period. The period from 2002 to 2007 was characterized

by high growth of GDP. Then due to global macroeconomic environment a

huge decrease in GDP followed. The situation on the labor market was also

good over the period 2002-2007. The rate of unemployment was decreasing

during almost whole period. It began to increase from the year 2008. Inflation

rate was fluctuating around 2% during period 2002-2007 and in the year 2007

there was big increase. Permanently low interest rates during this period were

accompanied by low inflation.

We can see from the development of macroeconomic indicators, that finan-

cial crisis affected Czech Republic in 2008 as well as other EU countries. In

the year 2009 there was experienced a negative economic growth. This fact

combined with high unemployment rate indicates a recession.

2.6 The Recent Financial Crisis

There are several articles and papers about the recent financial crisis stating the

same course of the crisis in all countries. The trigger was mainly in the USA.
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Main reasons were bursting of the real estate bubble, irresponsible behavior of

banks and financial markets providing subprime mortgages, mortgage securiti-

zation and high leverage of the financial institutions. However there were also

many reasons that were unrelated directly to USA, i.e. 2007-2008 oil shock, ag-

ing of population, the global saving glut and so on. Subsequent incorrect mon-

etary policy in some states (mainly in USA) and the EURO also contributed

to the deepening of the crisis. This was followed by a large uncertainty on the

financial markets, bankruptcy of some large banks (i.e. Washington Mutual),

big financial difficulties of the others banks (i.e. Bradford & Bingley, Hypo Real

Estate) and tightening of willingness to lend by the remaining banks. The col-

lapse of American investment bank Lehman Brothers in September 2008 can

be considered as one of the peak of the crisis of the financial system. This col-

lapse radically increased risk aversion and it has resulted in liquidity problems

for the global financial system. It also affected emerging economies, which had

not been significantly affected by the crisis yet.(CNB, 2008) It resulted in the

growth of unemployment, high indebtedness of public finances and also high

indebtedness of consumers. Governments and central banks responded with

number of prepositions to strengthen liquidity and solvency of crucial institu-

tions. We will now focus on the case of the Czech Republic, because we will

use Czech data for our analysis.

Financial Crisis and Czech Republic

The situation of the Czech financial system before the crisis was favorable, i.e.

there was excess of liquidity, so the indirect impact of the crisis was small.

Real economy was influenced more due to its openness and its dependence on

exports. Hence domestic financial sector was negatively influenced by unfavor-

able development of domestic economy and by high degree of uncertainty for

businesses as well as households.

Domestic banking system is still in good condition, it has enough liquidity,

capital and resources. Nevertheless there was a decline in providing loans and

in demand for loans, increase in credit risk and high number of non-performing

loans. Moreover Czech banking system is influenced by adverse external devel-

opment, i.e. poor access of loans for businesses and drop in foreign contracts

of Czech firms.(Tůma, 2002)
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Liquidity Creation and Financial Crisis and Czech Republic

The bank liquidity creation in Czech Republic rapidly increased before the

banking crisis and it slowed down later during the crisis. In Figure 2.1 we can

see the peak of the growth at the beginning of global financial crisis. According

to Berger and Bouwman (2008), banking crises, such as subprime lending crises

in 2007, were preceded by positive abnormal liquidity creation by banks. As

we can see from Czech data, liquidity created by Czech banks before crisis had

similar course as in US. However financial crisis in Czech Republic was not

connected to the decrease in liquidity creation. This evolution could have been

caused by good financial health of Czech banking industry. The good financial

health of Czech banks can be supported by the finding that our banks did not

need any governmental support during the crisis.

2.7 Hypotheses

We want to shed light on the following issues in this thesis. We examine

macro-finance interactions and also investigate if there is bi-directional rela-

tion between macroeconomic fluctuations and financial stability.

Firstly we look at cross plots (Figure A.3 in Appendix A) of our four vari-

ables that we want to use in our analysis and compute correlation coefficients

between them. How we can derive from our correlation matrix (Table A.1 in

Appendix A), correlation coefficient between unemployment and bank liquidity

creation is -0.7 and between interest rate and liquidity creation is -0.5. How-

ever the observed negative correlations still say nothing about the direction of

causality development of the variables.(Tomš́ık and Viktorová, 2005) Our first

finding is that there is some negative relationship between unemployment and

bank liquidity creation and between interest rate and bank liquidity creation.

The second finding is that there is no significant relationship between inflation

rate and bank liquidity creation.

We focus now on the following questions: Does high unemployment cause lower

Bank Liquidity Creation (BLC)? Does high inflation cause lower BLC? Does

low interest rate contribute to higher BLC?

We focus on the verification of the following hypotheses in this work. The



2. Background 11

motivations for the use of these particular hypotheses together with the word-

ing of these hypotheses are as follows:

Hypothesis 1: High unemployment causes lower BLC.

Motivation: High unemployment usually leads to lowering demand for loans,

especially mortgages from customers. Banks create lower liquidity in trouble-

some economic times.

Hypothesis 2: High inflation causes lower BLC.

Motivation: Price stability reduces uncertainty associated with future infla-

tion. If the inflation is high and volatile, banks may have difficulties with

bearing liquidity risk. We think that price stability is important for banks to

function effectively.

Hypothesis 3: Low interest rate contributes to higher BLC.

Motivation: Low interest rates may lead to the search for high yields and

more risky behavior, which leads to higher BLC. This theory about more risky

behavior is supported by findings from the latest financial crisis.

We also introduce hypothesis about possible impact of BLC on economic con-

ditions.

Hypothesis 4: High BLC contributes to lower unemployment.

Motivation: If banks meet their liquidity creation function well, it could im-

prove economic conditions such as lower unemployment.

We want to analyze these relationships using the VAR approach.

2.8 Related Literature

We provide a brief review of literature dealing with bank liquidity creation

which we use in our research. The main innovative study about bank liquidity

creation was written by Berger and Bouwman (2009). They developed four
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measures of bank liquidity and apply them to data on U.S. banks from 1993-

2003. We use similar methodology in this thesis. They also examined that

large banks, multibank holding company members, retail banks, and recently

merged banks are the main liquidity creators. They also found out that bank

liquidity creation has positive correlation with bank value. Thirdly they found

out that the relationship between capital and liquidity creation is positive for

large banks, insignificant for medium sized banks and negative for small banks.

Interesting thing that they investigated was that banks create only about half

of their liquidity on the balance sheet in the U.S. This is very different from

our banking system, where off-balance sheet items create only about 10% of

created liquidity. This is also the main reason why in the studies on U.S. data

there was a big difference between measures including and excluding off-balance

sheets items while this difference is small when we investigate Czech data.

Horváth, Seidler and Weill (2013) followed this study, they investigated the re-

lation between capital and liquidity creation. They perform Granger-causality

tests on dataset of Czech banks from 2000 to 2010 and they observed that

capital negatively Granger-causes liquidity creation and also liquidity creation

negatively Granger-causes capital. They also found out that liquidity creation

grew rapidly in the full period (large banks are the main contributors) and then

it was slowed by financial crisis in 2007-2009. They also constructed broad and

narrow measures of liquidity creation that we use in this work.

Fungáčová and Weill (2012) also followed Berger and Bouwman methodology.

They applied their measures to a rich panel dataset for Russian banks for the

period 1999–2009. They analyzed the contribution of bank liquidity creation

on the Russian economy and they studied the changes of liquidity creation

during recent financial crisis. They found out that the amount of liquidity

created during this period is much lower than in Berger and Bouwman’s study

on the U.S. data. However they observed rapid increase in liquidity creation

during the study period, which is similar to Horváth, Seidler and Weill (2013)

results from the Czech Republic. They suggested that the cause of low liquid-

ity created in Russia is the overall low level of financial development. They

also studied the influence of ownership on liquidity creation. Unlike in other

European countries five largest Russian banks are still state-controlled. Their

results show that ownership has a significant impact on liquidity creation and

that state-controlled banks outperform the others.
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Berger and Bouwman (2008) wanted to investigate how bank liquidity cre-

ation is connected with financial crises. They examined that banking crises

and market-related crises differ. Banking crises were preceded by positive liq-

uidity creation and conversely market-related crises were preceded by negative

liquidity creation. Secondly they investigated the effect of bank capital ratios

before crisis on the competitive positions and profitability during and after cri-

sis. They examined that high capital ratio may be an advantage in the time

around banking crises, mainly for large banks, and in the time around market-

related crises. During normal times high capital ratio is an advantage for small

banks.

Berger and Bouwman (2010) investigated how monetary policy effects behav-

ior of banks. They also pointed out the role of banks in creating asset bubbles

that lead to crises. They studied these issues by focusing on bank liquidity

creation during crisis and during normal times in their research. They used

two monetary policy measures, the change in the federal funds rate and Romer

monetary policy shocks. They also distinguished various sizes of banks. They

found out that monetary policy affects liquidity creation only for small banks

during normal times. Also monetary policy effects are weaker during financial

crises irrespective of the size of the bank. They investigated that high liquidity

creation helps to predict future crises when the other factors are controlled.

There is also a paper that investigates relation between financial sector and

macroeconomy. Havránek, Horváth and Matěj̊u (2010) examined the interac-

tions of financial variables such as credit, bank liquidity, loan loss provisions,

the share of non-performing loans, and the PX stock market index and their

interactions to macroeconomy; more precisely their interactions with prices and

GDP. They suggested that financial variables have a systematic and statisti-

cally significant effect on macroeconomy and that they often improve forecasts

of macroeconomic variables.



Chapter 3

Empirical Part

The following section introduces the major analysis of this thesis. In the first

part of it we described our variables which may have significant relations to-

wards liquidity creation in our opinion. The second part focuses on method-

ology of our empirical research; then we present our results and discuss them.

The following section focuses on VAR estimation, choice of optimal lag length,

and some diagnostic and stability tests. Then we look at the estimated results

and provide impulse responses and variance decomposition analysis. We com-

pare advantages and disadvantages of VAR models at the end of the empirical

part.

3.1 Data

VAR model is used to capture the linear independencies among multiple time

series. Therefore we have to use time series data and we will not deal with

cross sections. We use monthly data covering the period 2001-2010 that are

available for public on statistical servers. We have chosen the starting date

January 2001 because our data of bank liquidity creation are available only

from January 2000 and we want to use year on year change in bank liquidity

to achieve stability of the VAR system model. The variables included in the

VAR model are interest rate, unemployment, inflation, and liquidity creation.

Firstly we wanted to use also GDP growth, but we decided that it contains sim-

ilar information as the rate of unemployment, so we don’t use it. We have to

choose between two available measures of liquidity creation - broad and narrow

measures - both we present later. However there is not much difference be-

tween these two measures in the data from Czech Republic – their off-balance
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sheets items contribute by about 10 % of the overall bank liquidity creation in

contrast to USA, where they contribute by about 50 %. We use broad measure

in this thesis, because it is much more precise and complex. The description of

our macroeconomic variables, which are included in our model together with

liquidity creation, and the reasons why we choose them are as follows:

Short-term nominal interest rate is used because it contains information

about future economic conditions and investment opportunities of Czech Re-

public. We use monthly data of PRIBOR 3M (Prague InterBank Offerred Rate)

as a measure of interest rate. The data are downloaded from CNB (2013b)

The rate of unemployment is included in the model to indicate economic

condition of Czech Republic. Monthly data of unemployment rate are avail-

able. The data of unemployment was collected from the European Central

Bank Statistical Data Warehouse.(ECB, 2013)

Inflation rate is included because it has impact on pricing of stocks, it af-

fected fixed asset values and also it has impact on the composition of investment

portfolio. We use year on year change in consumer prices with base previous

year = 100, as the measure of the inflation rate. As a source serves us CNB

(2013a), where are available monthly data of consumer price index.

3.2 Methodology

The VAR approach is employed to model the interactions between macroecon-

omy and bank liquidity creation. We use VAR system because it is commonly

used when dealing with macroeconomic and financial data. We want to study

impact of lagged values of our variables and VAR models enable us to do this.

VAR models provide also usually better results than structural models based on

hard theory.(Brooks, 2008) First we introduce our measures of bank liquidity

creation; then we describe the VAR approach.

Measures of Bank Liquidity Creation

In this thesis we use the measures of liquidity created by Horváth, Seidler and

Weill (2013). They used data for all Czech banks during the years 2000-2010

and observed an unbalanced panel of 31 banks with 3821 monthly observa-
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tions. Then they created two measures of liquidity creations based on Berger

and Bowman’s (2009) procedure. They classified all balance and off-balance

sheet items as liquid, semi-liquid and illiquid, assigned them weights (1/2 for

liquid, 0 for semi-liquid and -1/2 for illiquid) and calculated the measures by

summing all weighted items.

Berger and Bouwman (2009) constructed four liquidity creation measures as a

combination of the following views: loans are based on maturity (“mat“) or

category (“cat“) and whether they include (“fat“) or exclude (“nonfat“) off-

balance sheet activities. These four combinations were “cat fat“, “mat fat“,

“cat nonfat“, and “mat nonfat“. In our thesis we use the “mat fat“, and the

“mat nonfat“ liquidity creation measures similarly as were used by Horváth,

Seidler and Weill (2013). They labeled these two combinations as broad and

narrow liquidity creation measures. Horváth, Seidler and Weill’s approach is

based on “mat fat” measure. They used the narrow measure only for checking

robustness of their conclusions. We prefer broad measure because it is more

complex and because off-balance sheet items, which also create liquidity, are in-

cluded. We did not observe substantial differences between these two measures

in our analysis, so we give only results for broad measure.

VAR Model

Vector autoregressive model was introduced as an easy way to summarize the

dynamic in macroeconomic multiple time series. It was constructed as a natu-

ral extension of univariate autoregressive models to dynamic multivariate time

series and it was popularized by Sims (1980). Vector autoregressive models are

based on the idea that all the variables used for the analysis are selected ran-

domly and simultaneously dependent. The number of lags used in a VAR model

is the same for all variables. A VAR model is useful mainly for describing the

dynamic behavior of macroeconomic and financial time series. It is also useful

for forecasting.(Brooks, 2008)

VAR models are used mainly for macroeconomic forecast, policy analysis, it

helps to describe data and study structural inference. As James H. Stock and

Mark W. Watson said in their paper:

“A VAR is n-equation, n-variable linear model in which each variable is in
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turn explained by its own lagged values, plus current and past values of the

remaining n− 1 variables.”(Stock and Watson, 2001, p. 1)

VAR models became very popular in last decades because they are easy to use

and interpret and they represent also useful statistical tools.

VAR models can take three forms: reduced form, recursive form and struc-

tural form. In a reduced form each variable is a linear function of its own

past values and the past values of all other variables included in the model.

Each equation is estimated by Ordinary Least Squares (OLS). Error terms in

reduced form are serially uncorrelated, but they can be correlated across equa-

tions, because when dealing with macroeconomic data our variables are usually

correlated.

In a recursive VAR error term from each equation is uncorrelated with the

error in the preceding equation. This can be achieved by including some con-

temporaneous values of our variables on the right hand sides of equations. After

estimation of each equation by OLS, residuals are uncorrelated across equation.

The results depend on the order of the variables in recursive VAR, as we can

see.(Stock and Watson, 2001)

A structural VAR is based on an economic theory and it helps to sort out

the contemporaneous relationships between the variables. It also requires some

identifying assumption.(Iacoviello, 2008)

The reduced form VAR and the recursive VAR are used to summarize the joint

movements of our variables. The reduced form is used for forecasts and struc-

tural VAR is used for policy analysis.

There are many forms how the system of the equations could be written. We

introduce the method used in Zivot and Wang (2002):

”Let Yt = (y1t, y2t, . . . , ynt)
′ denote an (n × 1) vector of time series variables.

The basic p-lag vector autoregressive (V AR(p)) model has the form

Yt = c + Π1Yt−1 + Π2Yt−2 + . . .+ ΠpYt−p + εt, t = 1, . . . , T (3.1)

where Πi are (n×n) coefficient matrices and εt is an (n× 1) unobservable zero

means white noise vector process (serially uncorrelated or independent) with

time invariant covariance matrix Σ.”(Zivot, 2002, p. 384)
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”In lag operator notation, the V AR(p) is written as

Π(L)Yt = c + εt (3.2)

where Π(L) = In −Π1L− . . .−ΠpL
p.”(Zivot, 2002, p. 385)

Stationarity Tests

The time series need not to be stationary in VAR models but for some parts of

our analysis such as impulse responses and variance decompositions stationar-

ity of the model as a whole is necessary. Firstly we focus on stationarity of our

time series and we run some stationarity tests. In the next section we describe

stationarity of the whole system and decide how it is satisfied in our model.

Stationarity of Time Series

Definition of Weak Stationarity:

If a series satisfies 3.3, 3.4, 3.5 for t = 1, 2, . . . ,∞, it is said to be weakly

or covariance stationary

E(yt) = µ (3.3)

E(yt − µ)(yt − µ) = σ2 <∞ (3.4)

E(yt1 − µ)(yt2 − µ) = yt1−t2 ,∀t1, t2 (3.5)

Stationary series is the one with a constant mean, constant variance and con-

stant autocovariances for each given lag.(Brooks, 2008) Stationarity of the time

series strongly influences its behavior, for example when we consider an unex-

pected change in some variable, which is known as shock. If we have stationary

data, shock would disappear in time. Otherwise if we have non-stationary time

series (such as random walk), the effect of shock will not diminish with time,

the shock has infinite long memory. In stationary time series the shock is only

temporary, but in non-stationary data it is persistent. If the variables in a

regression analysis are non-stationary usual inference of test and statistic will

not be valid.

Non-stationary time series can lead to spurious regression (when regression

analysis shows a relationship between some unrelated times series processes

just because each has a trend or it is an integrated time series). (Wooldridge,
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2009) We have two types of non-stationarity: random walk model with drift

3.6 and trend-stationary process 3.7.

yt = µ+ φyt−1 + ut, ut is iid sequence (3.6)

yt = α + βyt−1 + ut, ut is iid sequence (3.7)

These two types need different treatments to induce stationarity. The first is

a stochastic non-stationary process and we have to difference it to get station-

arity. The second type is known as deterministic non-stationary process and

it requires being detrended. But most important case of non-stationarity is

presence of unit roots 3.8 in our time series.

yt = yt−1 + ut (3.8)

First we plot the series to find out if we have to include constant or trend in the

test of nonstationarity. Figure A.1 shows the development of the variables over

time. As we can see, only the level series of bank liquidity creation includes

trend. The mean of the series appears to be zero, so we do not need to add

constant into our tests for nonstationarity.
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Table 3.1: Description of original time series

Time series Units Designation Time Notes

BLC broad In millions
of CZK

BLCb 2000 M1 -
2010 M12

including off-
balance sheet
items

BLC Narrow In millions
of CZK

BLCn 2000 M1 -
2010 M12

excluding off-
balance sheet
items

Inflation rate % cpi 2000 M1 -
2010 M12

CPI, year to year
change in CPI

Interest rate % int 2000 M1 -
2010 M12

PRIBOR 3M

Unemployment % unemp 2000 M1 -
2010 M12

Standardized, sea-
sonally adjusted

Source: Author.

Most of the macroeconomic and financial series has a single unit root, so we

test for the presence of it. We use the Augmented Dickey-Fuller (ADF) test

(H0: series contains a unit root) for our original time series. Due to criticism

of this tests for its low power we used also Kwiatkowski-Phillips-Schmidt-Shin

(KPSS test (H0: series is stationary) to decide about stationarity.
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Table 3.2: ADF test

Time series Value of test statistic Notes

BLC broad −2.0692 No intercept, trend
Inflation rate −0.2017 No intercept, no trend
Interest rate −1.8145∗ No intercept, no trend
Unemployment −0.5026 No intercept, no trend

Source: Author.

Notes: H0: time series has a unit root and the series is non-stationary; lagged differences: 2;
asymptotic critical values with no intercept, no trend are: 1% −2.56, 5% −1.95, 10% −1.62
and asymptotic critical values with no intercept, trend are: 1% −3.96, 5% −3.41, 10% −3.13;
an asterisk (∗) denotes significance at the 10% level, double asterisk (∗∗) denotes significance
at the 5% level and three asterisks (∗ ∗ ∗) denote the significance level at the 1% level; we
fail to reject the null hypothesis in most cases.

Table 3.3: KPSS test

Time series Value of test statistic Notes

BLC broad 0.3896∗∗∗ Trend
Inflation rate 0.2802 No trend
Interest rate 1.9425∗∗∗ No trend
Unemployment 2.1014∗∗∗ No trend

Source: Author.

Notes: H0: time series is stationary; number of lags: 2; asymptotic critical values
with no trend are: 10% 0.347, 5% 0.463, 1% 0.739 and asymptotic critical values with trend
are: 10% 0.119, 5% 0.146, 1% 0.216; an asterisk (∗) denotes significance at the 10% level,
double asterisk (∗∗) denotes significance at the 5% level and three asterisks (∗ ∗ ∗) denote
the significance level at the 1% level; we reject the null hypothesis in most cases

According to the stationarity tests we can see that most of our original time

series look like they are non-stationary. The interest rate and inflation rate

time series are somewhere in between. We can use first difference of our time

series to detect stationarity, but we decided not to do it because differencing

can throw away useful information on any long run relationships between the

series.(Brooks, 2008) We can conclude that data of unemployment, inflation

rate, and also interest rate will be stationary in the long term, due to macroe-

conomic environment and the fact that variables such as unemployment and

inflation simply cannot always rise. Secondly we have small number of obser-

vations to detect non-stationarity correctly. So we have to transform only the

BLC time series to get stationary model. We decided to use year on year change
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of BLC transformation. Development of our transformed time series is plotted

in Figure A.2 in Appendix A.

Table 3.4: Description of transformed time series

Time series Designation Time Notes

BLC broad BLCb pc 2001 M1 − 2010 M12 BLCt−BLCt−1

BLCt−1

Source: Author.

Stationarity of Whole System

Definition of stationary system according to Zivot (2002):

”The V AR(p) is stable if the roots of

det(In −Π1z − . . .−Πpz
p) = 0 (3.9)

lie outside the complex unit circle (have modulus greater than one), or, equiv-

alently if the eigenvalues of the companion matrix

F =


Π1 Π2 · · · Πn

In 0 · · · 0

0
. . . 0

...

0 0 In 0

 (3.10)

have modulus less than one. Assuming that the process has been initialized in

the infinite past, then a stable V AR(p) process is stationary and ergodic with

time invariant means, variances and autocovariances.”(Zivot, 2002)

As we reported later, stationarity of individual time series is not necessary as

long as the system is stable as a whole.(Havránek, Horváth and Matěj̊u, 2010)

Our VAR system is stationary according to the fact that modulus of eigenvalues

(Table B.1 in Appendix B) is strictly greater than one, so we can use this

time series for further analysis. For subsequent analysis we will therefore use

untransformed values of unemployment, inflation rate, and interest rate and

transformed values of bank liquidity creation from 2001 to 2010. We also tried

to use data from January 2001 to December 2007 to avoid financial crisis, but

this model was not stable as well as the model that uses logarithm of bank

liquidity creation.
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3.3 VAR Estimation

For our estimation we use original time series of interest rate, unemployment,

and inflation and transformed series of bank liquidity creation from previous

part. We can include more variables, which may have significant impact on

bank liquidity creation, but there would be risk of multicollinearity and the

model would have even more coefficient to estimate, thus it would be worse to

interpret it. Another important think is the ordering of variables because in

practice not all variables react simultaneously.

”The ordering has to be such that the first variable is the only one with a

potential immediate impact on all other variables. The second variable may

have an immediate impact on the last K − 2 components of yt but not on y1t

and so on. To establish such an ordering may be a quite difficult exercise in

practice.”(Lütkepohl, 2005, p. 61)

This is important mainly for variance decompositions and for impulse responses

analysis, where we use a recursive VAR, so different ordering can give us different

results. However the lower is the dependence and correlation between our

variables and error term, the less the results depend on the variable ordering.

We know that interest rates are set after some other factors as inflation and

unemployment. According to Havránek, Horváth and Matěj̊u (2010) we order

the variables as follows: Unemployment, CPI, Interest rate, BLC.

Optimal Lag Lenght

There is not only one correct VAR order for the process. It is practical to have

the same number of lags of all of the variables used in all equations. It is

called the order of the process. Usually the VAR order p is unknown. Thus

if we choose the value of p unnecessarily large it can cause reduction in the

forecast precision of the estimated VAR process; it can reduce the estimation

precision of the impulse response, and Mean-Squared-Error (MSE) matrix will

increase with the order of p. Otherwise if we choose the value of p too small,

autocorrelation among residuals could not be eliminated.(Bronner et al., 2011)

The value of p is unknown in our VAR model but we know the upper bound M

(we choose M = 10 due to monthly data).

We have two possibilities how to determine the optimal number of lags: the

use of cross-equation restrictions or information criteria. We use the second
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one because cross-equation restrictions according to Chris Brooks have a lot of

limitations in case of financial data, i.e. the assumption of normally distributed

errors.

Method based on information criteria introduces a test statistics represented

by two additive parts. First part is a function of the residual sum of squares

and second part contains a term which represents a penalty for the loss of de-

grees of freedom from adding extra parameters. Hence if we add some extra

variable to our model it would have two contradictory effects on the informa-

tion criterion (IC); Residual Sum of Squares (RSS) will fall and penalty term

increase. Our task is to choose the number of lags that minimizes the value of

IC.(Brooks, 2008)

The optimal lag order is chosen by minimizing one of the following criteria.

The most known are: 3.11 Ainake’s Information Criterion (AIC), 3.12 Schwarz

Criterion (SC), and 3.13 Hannan-Quinn (HQ). In JMulTi it is available also3.14

Final Prediction Error (FPE).

AIC = log det(
∑̂

u
(n)) +

2nK2

T
(3.11)

SC = log det(
∑̂

u
(n)) +

nK2

T
log(T ) (3.12)

HQ = log det(
∑̂

u
(n)) +

2nK2

T
log(log(T )) (3.13)

FPE =
T + n∗

T + n∗
det(

∑̂
u
(n)) (3.14)

Here
∑̂

u(n) is estimated by T−1
∑T

t=1 ûtû
′
t, n

∗ is the total number of param-

eters in each equation of the model, and n is the lag order of the endogenous

variables. The sample length is the same for all different lag lengths and it is

determined by the maximum lag order.(JMulTi, 2006)

AIC and FPE imply a good model choice for small sample sizes, but they are

not consistent. SC and HQ are consistent and SC selects comparatively smaller

lag orders.

We computed these information criteria for our model and consider using the

lag order 2 chosen by all available information criterions, which corresponds
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with our monthly data and small sample size.

Table 3.5: optimal endogenous lags from information criteria

endogenous variables: unemp cpi int BLCb pc
deterministic variables: CONST
sample range: [2001 M11, 2010 M12], T = 110

optimal number of lags (searched up to 10 lags of levels):
Akaike Info Criterion: 2
Final Prediction Error: 2
Hannan-Quinn Criterion: 2
Schwarz Criterion: 2

Source: Author.

Residual Analysis

After we estimate our model we should check it for heteroskedasticity, check if

the residuals are normally distributed, and if serial correlation remains to be

present. In our case tests for autocorrelation are more important than tests for

non-normality because if the condition of normality is violated our estimator

will be still Best Linear Unbiased Estimator (BLUE) (best linear unbiased es-

timator). We can use Portmanteau test for residual autocorrelation where the

test checks the null hypothesis: H0 : E(utu
′
t−i) = 0, i = 1, . . . , h, hypothesis,

that there is no autocorrelation in residuals. We can also use Breuch-Godfrey

Lagrange Multiplier (LM) test for autocorrelation. The tests for non-normality

are based usually on transforming the residual vector such that its components

are independent and then check if all these components have the third and

fourth moments corresponding to those of normal distribution. The null hy-

pothesis is normal distribution, skewness is zero and excess kurtosis is zero,

against the alternative of non-normal distribution.

Portmanteau test and LM test: The p-value of Portmanteau test is 0.000.

There is also available adjusted version of this test, which may have better

small-sample properties and p-value of this test is also 0.000. These results

mean that we reject the null hypothesis on 1% significance level, so we reject

that there is no residual autocorrelation. The test is valid only if the number

of lags used in this test is higher than the VAR lag order (we include 16 lags for

this test) and if our model does not contain exogenous variables. However the

p-value of LM test is 0.0751 and p-value of Lagrange Multiplier F-test (LMF)
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test is 0.1365, so we can’t reject the null hypothesis of no autocorrelation among

residuals. We can see that there is still some evidence of remaining autocorrela-

tion in the residuals. We could solve this problem by using additional lag of our

variables but there would be other problems with too many parameters to be

estimated and interpreted and our model would be no longer stable. We have

to do a compromise in lag length selection due to limited length of investigated

time series (BLC data are available only since the year 2000). Thus we decided

to continue our analysis with model including only two lags.

Tests for non-normality: The p-values of both tests (Doornik & Hansen

and Lütkepohl) are 0.0000, so we strongly reject the null hypothesis that the

residuals are multivariate normal. However for our analysis are more important

test for autocorrelation, because if the assumption of no autocorrelation doesn’t

hold, the OLS estimator used for estimation of the equations is no longer BLUE,

but if the assumption of normality is violated, the OLS estimator is still BLUE.

Moreover normality is not a necessary condition for our statistical procedures

(impulse responses and variance decomposition).

We also test for heteroskedasticity using multivariate AutoRegressive Condi-

tional Heteroskedasticity Lagrange Multiplier (ARCH-LM) test (using 5 lags),

the p-value is 0.2483, and thus we cannot reject the null hypothesis of residual

homoscedasticity.

Stability Analysis

One of the key assumptions in econometrics is parameter constancy through-

out the sample period. The stability of a VAR process can be detected by

calculating the roots of appropriate characteristic polynomial. We already ex-

amined that the characteristic roots lie outside the unit circle, which is the

necessary and sufficient condition for stability. We can use Chow test, cum-

mulative sum (CUSUM) test or recursive residuals and parameter estimates for

checking stability of the system. We decided to use Chow test and CUSUM test.
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Figure 3.1: CUSUM test

Source: Author.

We use 1% significance level of the test.

CUSUM test shows that all of our variables lie between 95% confidence inter-

val bounds so this is evidence for structural stability in our model.

Chow test is a test for significance of all VAR regressors including intercept

multiplied with a dummy (0 before a break point and 1 afterwards). The null

hypothesis is that parameters are constant. Because we have small number

of observations we have to use bootstrap version of Chow test to improve our

small-sample properties.(Besley and Kontoghiorghes, 2009) As we can see from

our results, bootstrapped p-value of forecast Chow test is 0.49, so we can’t re-

ject the null hypothesis of constant parameters and we can say that our system

is stable.(Bronner et al., 2011)

VAR Specification

Our reduced form of VAR model contains four equations: current unemployment

as a function of past values of unemployment, inflation, interest rate, and

measure of bank liquidity; current inflation as a function of past values of

unemployment, inflation, interest rate, and measure of bank liquidity; current

interest rate as a function of past values of unemployment, inflation, interest

rate, and measure of bank liquidity, and current measure of bank liquidity

creation as a function of past values of unemployment, inflation, interest rate,
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and measure of bank liquidity. The V AR(4) system with four variables takes

following form:

y1,t = c1 + a11,1y1,t−1 + . . .+ a11,4y4,t−1 + a21,1y1,t−2 + . . .+ a21,4y4,t−2 +

+ a31,1y1,t−3 + . . .+ a31,4y4,t−3 + a41,1y1,t−4 + . . .+ a41,4y4,t−4 + ε1,t

y2,t = c2 + a12,1y1,t−1 + . . .+ a12,4y4,t−1 + a22,1y1,t−2 + . . .+ a22,4y4,t−2 +

+ a32,1y1,t−3 + . . .+ a32,4y4,t−3 + a42,1y1,t−4 + . . .+ a42,4y4,t−4 + ε2,t

y3,t = c3 + a13,1y1,t−1 + . . .+ a13,4y4,t−1 + a23,1y1,t−2 + . . .+ a23,4y4,t−2 +

+ a33,1y1,t−3 + . . .+ a33,4y4,t−3 + a43,1y1,t−4 + . . .+ a43,4y4,t−4 + ε3,t

y4,t = c4 + a14,1y1,t−1 + . . .+ a14,4y4,t−1 + a24,1y1,t−2 + . . .+ a24,4y4,t−2 +

+ a34,1y1,t−3 + . . .+ a34,4y4,t−3 + a44,1y1,t−4 + . . .+ a44,4y4,t−4 + ε4,t

Here the vector of endogenous variables yi,t, i = 1, . . . 4 is a vector with follow-

ing order of variables: Unemployment, CPI, Interest rate, BLC.

3.4 Estimation Results

We include the regression output in Appendix B. Table B.2 contains 36 esti-

mated coefficients. According to p-values we can see that there are 19 significant

coefficients. We have to be careful about interpreting these results, because our

diagnostic tests did not do well; Portmanteau test shows that there is still some

autocorrelation in our residuals, which can influence standard errors. It is the-

oretically possible to interpret coefficients in the same way as in standard OLS;

however it can be difficult with higher number of lags and non-normality of

residuals. Coefficients for lags of one variable can have opposite marks, which

makes it difficult to interpret. We use rather causality tests, impulse response

analysis, and variance decompositions to investigate relationships between our

variables.
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Block Significance and Causality Tests

VAR model includes two lags of endogenous variables, so it is difficult to see

which set of variables has a significant effect on each dependent variable. Hence

it is helpful to use causality test for our variables. The idea of the causality

test is to show if the change in one time series has some impact on the changes

in other variables, so if it is useful to use it for forecasting these variables. It

examines if lagged values of one variable help to predict another variable.

The test is problematic if some of the variables are non-stationary. We as-

sume that our variables are stationary in the long term, so the joint hypotheses

can be tested within the F-test. Granger-causality means a correlation between

the current value of one variable and past values of the others.

Table 3.6: Granger-causality tests

Dependent variable in regression

Regressor Unemployment Inflation Interest rate BLC broad

Unemployment 0.152 0.140 0.702 0.299
Inflation 0.605 0.315 0.000∗∗∗ 0.003∗∗∗

Interest rate 0.051∗ 0.505 0.000∗∗∗ 0.053∗

BLC broad 0.363 0.755 0.229 0.008∗∗∗

Source: Author.

Note: The table shows p-values for F-tests. The null hypothesis is that the coeffi-
cients are not significantly different from zero. If we reject the null hypothesis, it means that
the regressor granger-causes the dependent variable. An asterisk (∗) denotes significance at
the 10% level, double asterisk (∗∗) denotes significance at the 5% level and three asterisks
(∗ ∗ ∗) denote the significance level at the 1% level.
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As we can infer from the Table 3.6, we can reject the null hypothesis at 1%

significance level that the coefficients of inflation and interest rate are not sig-

nificantly different from zero, in other words we can reject the hypothesis that

these variables do not granger-cause interest rate. Furthermore we can see

that lagged values of inflation and BLC broad and also values of interest rates

granger causes BLC broad. We can reject the null hypothesis at 10% signifi-

cance level also in the case of effect of interest rate on unemployment. We can

say that interest rate granger-causes unemployment. However as Chris Brooks

says in his book:

”Finally, the word ’causality’ is somewhat of a misnomer, for Granger-causality

really means only correlation between the current value of one variable and the

past values of others; it does not mean that movements of one variable cause

movements of another.”(Brooks, 2008, p. 298)

For that reason we have to be careful when interpreting these results.

Impulse Responses and Variance Decompositions

VAR model is often difficult to interpret due to large amount of estimated coef-

ficients. One of the possible solutions is to compose the impulse responses and

variable decompositions analysis.(Brooks, 2008) Our system of variables needs

to be stationary for both methods. Impulse responses and variance decompo-

sitions often offer similar information.

“Impulse responses trace out the responsiveness of the dependent variables in

the VAR to shocks to each of the variables“.(Brooks, 2008, p. 299)

We assume that this error (shock) returns to zero in subsequent periods and

other errors are zero. It can be used to analyze dynamic interactions between

the endogenous variables. For every single variable from each equation sep-

arately we apply unit shock (one unit increase in the current value) to the

error and we can see response of those shocks to our system. If the model is

relatively stable, the shock should die away with time. If the impulses do not

decline to zero, our model is unstable, because the unit shock to the error term

can cause a big fluctuation of the dependent variable. Impulse responses allow

us to study the impact of effect of one variable to the system. It shows us how

long the effect lasts and in which direction.(Brooks, 2008) Computing impulse

responses makes sense only if the errors are uncorrelated across equations, so

we calculate them for recursive VAR.(Stock and Watson, 2001)
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Variance decompositions represent a different method for examining VAR sys-

tem dynamic. They give us the proportion of the movements in the dependent

variables caused due to their own shocks, against shocks to the other vari-

ables.(Brooks, 2008) Variance decomposition can be summarized as in Watson:

The forecast error decomposition is the percentage of the variance of the error

made in forecasting a variable due to a specific shock at a given horizon.(Stock

and Watson, 2001) In contrast to the impulse responses analysis in the vari-

ance decompositions we are interested in shocks to the dependent variables in

comparison with shocks to the other variables. Variance decomposition shows

us the relative importance of external shocks.

The ordering of the variables is extremely important, because there is a cor-

relation in error terms across equations, so we cannot assume that errors are

independent. For this case orthogonalised impulse responses are used. We dis-

play also Efron 68% Confidence Intervals on all plots and we use 20 periods

(months) time horizon. We decide to use 68% confidence intervals, because

due to our small data sample results of impulse responses would have been

insignificant, when 95% confidence intervals were used.

Impulse responses for recursive VAR with order unemployment, inflation, in-

terest rate, and bank liquidity creation are plotted in 3.2-Figure 3.5.
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Figure 3.2: Impulse response: the shock from unemployment to BLC

Source: Author.

Notes: The graph displayes orthogonal impulse responses to one standard error shocks with
bootstrapped Efron 68% confidence intervals. Time is plotted on the horizontal axis.

The shock to unemployment is plotted in Figure 3.2. It shows that the effect

of the unemployment shock on bank liquidity is insignificant in almost whole

period. Only in first two months there is significant decline in bank liquidity

as a consequence of shock from unemployment. This is not surprising as high

unemployment leads to less demand for credit and it would result in decline in

BLC.
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Figure 3.3: Impulse response: the shock from inflation rate to BLC

Source: Author.

Notes: The graph displayes orthogonal impulse responses to one standard error shocks with
bootstrapped Efron 68% confidence intervals. Time is plotted on the horizontal axis.

The reaction to the shock from inflation rate is plotted in Figure 3.3. The effect

on bank liquidity was negative with the lowest value after one month. Then

it increases and returns to the normal values after 20 months. If inflation is

higher, banks can have difficulties to bear liquidity risk, which leads to lower

BLC. This result supports our hypothesis that high inflation causes lower BLC.
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Figure 3.4: Impulse esponse: the shock from interest rate to BLC

Source: Author.

Notes: The graph displayes orthogonal impulse responses to one standard error shocks with
bootstrapped Efron 68% confidence intervals. Time is plotted on the horizontal axis.

The effect of interest rate shock to bank liquidity creation is plotted in Figure

3.4. The innovations in interest rate have significant effect on bank liquidity

from the end of the first month, the effect is positive with a peak after five

periods and then slow decrease for the reminder of the periods. Our hypothesis

was not confirmed there - it seems that the effect of interest rate on bank

liquidity creation has opposite direction than we have expected. We think that

it could be caused by sticky nature of deposit interest rates. While interest

rates of mortgages changes often, interest rates of deposits do not. Due to this

fact, increase in interest rates affect mainly mortgages and banks will want to

lend more, which can lead to increase in liquidity creation. However we do not

want to put too much emphasis to this result.
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Figure 3.5: Impulse response: the shock from bank liquidity creation
to unemployment, inflation rate, and interest rate

Source: Author.

Notes: The graph displayes orthogonal impulse responses to one standard error shocks with
bootstrapped Efron 68% confidence intervals. Time is plotted on the horizontal axis.

The shock from bank liquidity creation to other variables is plotted in Figure

3.5. It shows that the effect of bank liquidity on unemployment is negative

and significant for one year. This supports our hypothesis, that high liquidity

creation improves economic condition like lower unemployment. The effects of

bank liquidity on inflation and on interest rate are insignificant.

The forecast error variance decompositions (plotted in Table C.1-Table C.4

in Appendix C) give us results similar to the impulse responses. We can see

that external shock to one single variable will affected the future values of all

other variables in our system, due to the dynamic character of VAR model. The

biggest effect of the external shock to one single variable is the effect at the

variable itself.

VAR forecast error variance decomposition in bank liquidity creation is plot-

ted in Figure C.4 . We can see from this figure that shock to the interest rate

accounts for 14% of the variation in the bank liquidity creation and shock to

the inflation rate shows 13%. The biggest effect has of course shock to the bank
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liquidity itself. In other figures we can see that shocks to the bank liquidity

creation account for only about 1− 11% of the variance of the other variables.

3.5 Advantages and Disadvantages of VAR Model

One of the main advantages of VAR approach is its easy implementation,

which allows us to estimate each equation separately by ordinary least squares

method. The next advantage is that we do not need to specify which variable

is endogenous and which is exogenous, we just specified all of them as endoge-

nous. Thirdly, the forecast generated by VAR model is often better than by

more complex simultaneous-equation models.

However there are also some problems with VAR implementation. First of

all, VAR is a-theoretical, because it uses less prior information about the rela-

tionships between the variables. The other big disadvantage is the number of

parameters, which has to be estimated. When we add a new variable to the

model, number of the parameters quickly increases. The third problem is its

interpretation. Because of the big number of estimated coefficients we usually

cannot interpret the results in usual way, thus we use impulse response analysis

and forecast variance decomposition to interpret our results.(Brooks, 2008)



Chapter 4

Conclusions

In this thesis, we estimated VAR model for Czech Republic economy. We

wanted to examine macro-finance interactions and to investigate if there is bi-

directional relation between macroeconomic fluctuations and financial stability.

We used unemployment, inflation rate and interest rate as main economic in-

dicators and liquidity creation as a financial variable. We investigated these

relationships during the period 2001-2010, including financial crisis. In our

VAR model we used 2 lags of our variables, according to all available informa-

tion criteria and due to our small data sample. Estimated model contains 36

estimated coefficients, from which are 19 statistically significant (at 10% sig-

nificance level).

Our results indicate that macroeconomic variables have a significant effect on

the bank liquidity creation in the Czech Republic. We also found out that bank

liquidity creation has a significant effect on unemployment. As we can see from

our causality tests, lagged values of inflation, interest rate and bank liquidity

creation itself granger cause bank liquidity creation. We have to be careful

when interpreting these results, because if we do not find out any relationship

by using these tests, it does not necessarily mean that there does not exist

some.(Šimečková, 2011)

According to impulse responses analysis we find that unemployment rate low-

ers bank liquidity creation. Similarly, our results indicate that higher inflation

rate leads to lower bank liquidity creation. Both these results supported our

hypothesis. Secondly we found out that high bank liquidity creation improves

unemployment. We can see bi-directional relationship between unemployment
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and bank liquidity creation. The employed VAR has brought also some sur-

prising results. The effect of interest rate shock to bank liquidity creation was

positive, which does not correspond to our hypothesis. However the signifi-

cance of this effect is low, so we do not give too much weight on this result.

If we have had bigger dataset of liquidity creation (about 20 years of monthly

observations), we could have used more lags in the VAR model (to eliminate

the autocorrelation) and our VAR model could provide better and more credible

results. Also including more macroeconomic variables could help.

As for future research we recommend to study these interactions in a coun-

try in which the banking sector was more affected by financial crisis.
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Tůma, Z., 2002. Speeches CNB [pdf] Available at: <http://www.cnb.

cz/miranda2/export/sites/www.cnb.cz/en/public/media_service/

conferences/speeches/download/tuma_200212_vien.pdf> [Accessed 24

April 2013].
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Appendix A

Additional Graphs of Time Series

Figure A.1: Plots of original time series

Source: Author. Time is plotted on the horizontal axis. (Software JMulTi)

Table A.1: Correlation matrix of original time series

unemp cpi int BLCb

unemp 1
cpi -0.3590 1
int 0.0087 0.6800 1
BLCb -0.7101 -0.0504 -0.5231 1

Source: Author.



A. Additional Graphs of Time Series II

Figure A.2: Plots of transformed time series

Source: Author. Time is plotted on the horizontal axis. (Software JMulTi)



A. Additional Graphs of Time Series III

Figure A.3: Cross plots of original time series

Source: Author.



Appendix B

Output of VAR Model

Table B.1: Software output of VAR model 1

endogenous variables: unemp cpi int BLCb pc
deterministic variables: CONST
endogenous lags: 2
sample range: [2001 M3, 2010 M12], T = 118

modulus of the eigenvalues of the reverse characteristic polynomial:
|z| = ( 8.7753 7.2920 2.0655 1.3870 1.0639 1.0639 1.0556 1.1032 )

Source: Author.
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Table B.2: Software output of VAR model 2

Legend:
Equation 1 Equation 2 . . .

Variable 1 Coefficient . . .
(Std. Dev.)
p - Value
[t - Value]

Variable 2 . . .

Lagged endogenous term:
unemp cpi int BLCb pc

unemp (t− 1) 1.737∗∗∗ −0.689∗ 0.053 −5.511
(0.062) (0.367) (0.097) (4.177)
{0.000} {0.061} {0.582} {0.187}
[28.106] [−1.875] [0.550] [−1.319]

cpi (t− 1) −0.009 1.231∗∗∗ 0.135∗∗∗ −3.384∗∗∗

(0.016) (0.094) (0.025) (1.069)
{0.577} {0.000} {0.000} {0.002}
[−0.557] [13.100] [5.436] [−3.166]

int (t− 1) −0.105∗ 0.353 1.312∗∗∗ 6.983∗

(0.053) (0.316) (0.083) (3.595)
{0.049} {0.265} {0.000} {0.052}
[−1.972] [1.116] [15.749] [1.942]

BLCb pc(t− 1) 0.000 0.003 0.001 0.674∗∗∗

(0.001) (0.008) (0.002) (0.093)
{0.785} {0.718} {0.565} {0.000}
[−0.273] [0.361] [0.576] [7.276]

unemp (t− 2) −0.755∗∗∗ 0.650∗ −0.045 5.669
(0.060) (0.357) (0.094) (4.064)
{0.000} {0.069} {0.636} {0.163}

[−12.555] [1.819] [−0.474] [1.395]

cpi (t− 2) 0.002 −0.328∗∗∗ −0.104∗∗∗ 2.595∗∗

(0.017) (0.099) (0.026) (1.125)
{0.913} {0.001} {0.000} {0.021}
[0.109] [−3.315] [−3.990] [2.306]

int (t− 2) 0.109∗∗ −0.313 −0.365∗∗∗ −5.435
(0.050) (0.295) (0.078) (3.355)
{0.028} {0.288} {0.000} {0.105}
[2.200] [−1.062] [−4.693] [−1.620]

BLCb pc(t− 2) −0.001 −0.005 0.001 0.167∗

(0.001) (0.008) (0.002) (0.092)
{0.592} {0.515} {0.686} {0.069}
[−0.536] [−0.651] [0.404] [1.817]



B. Output of VAR Model VI

Deterministic term:

unemp cpi int BLCb pc

CONST 0.953 10.317∗ −3.315∗∗ 93.752

(0.894) (5.315) (1.401) (60.437)

{0.286} {0.052} {0.018} {0.121}
[1.066] [1.941] [-2.366] [1.551]

Source: Author.☃ Notes: An asterisk (*) denotes significance at the 10% level, double aster-

isk (**) denotes significance at the 5% level and three asterisks (***) denote the significance

level at the 1% level.



Appendix C

Results of Variance

Decompositions

Table C.1: VAR forecast error variance decomposition: Proportions
of forecast error in unemployment

Proportions of forecast error in ”unemp” accounted for by:
forecast horizon unemp cpi int BLCb pc

1 1.00 0.00 0.00 0.00
2 0.99 0.00 0.01 0.00
3 0.98 0.01 0.01 0.00
4 0.96 0.01 0.02 0.00
5 0.94 0.02 0.03 0.01
6 0.92 0.03 0.03 0.01
7 0.90 0.04 0.04 0.02
8 0.88 0.05 0.04 0.03
9 0.87 0.05 0.04 0.03
10 0.85 0.06 0.05 0.04
11 0.84 0.06 0.05 0.05
12 0.83 0.07 0.05 0.06
13 0.82 0.07 0.05 0.06
14 0.81 0.07 0.05 0.07
15 0.80 0.07 0.05 0.08
16 0.79 0.07 0.06 0.08
17 0.78 0.08 0.06 0.09
18 0.77 0.08 0.06 0.10
19 0.76 0.08 0.06 0.10
20 0.76 0.08 0.06 0.11

Source: Author.



C. Results of Variance Decompositions VIII

Table C.2: VAR forecast error variance decomposition: Proportions
of forecast error in inflation rate

Proportions of forecast error in ”cpi” accounted for by:
forecast horizon unemp cpi int BLCb pc

1 0.00 1.00 0.00 0.00
2 0.01 0.99 0.00 0.00
3 0.02 0.97 0.01 0.00
4 0.03 0.95 0.02 0.00
5 0.05 0.93 0.02 0.00
6 0.06 0.91 0.03 0.00
7 0.08 0.89 0.03 0.00
8 0.09 0.88 0.03 0.00
9 0.10 0.86 0.04 0.00
10 0.11 0.85 0.04 0.00
11 0.12 0.84 0.04 0.00
12 0.12 0.83 0.04 0.00
13 0.13 0.83 0.04 0.00
14 0.13 0.82 0.04 0.00
15 0.13 0.82 0.04 0.01
16 0.14 0.81 0.04 0.01
17 0.14 0.81 0.04 0.01
18 0.14 0.81 0.05 0.01
19 0.14 0.80 0.05 0.01
20 0.14 0.80 0.05 0.01

Source: Author.



C. Results of Variance Decompositions IX

Table C.3: VAR forecast error variance decomposition: Proportions
of forecast error in interest rate

Proportions of forecast error in ”int” accounted for by:
forecast horizon unemp cpi int BLCb pc

1 0.02 0.00 0.98 0.00
2 0.01 0.11 0.87 0.00
3 0.01 0.21 0.78 0.00
4 0.01 0.27 0.71 0.01
5 0.02 0.31 0.66 0.01
6 0.02 0.34 0.63 0.02
7 0.02 0.35 0.60 0.02
8 0.03 0.37 0.58 0.02
9 0.03 0.37 0.56 0.03
10 0.04 0.38 0.55 0.03
11 0.04 0.38 0.54 0.04
12 0.05 0.39 0.52 0.04
13 0.05 0.39 0.52 0.04
14 0.05 0.39 0.51 0.05
15 0.05 0.39 0.50 0.05
16 0.06 0.39 0.50 0.06
17 0.06 0.39 0.49 0.06
18 0.06 0.39 0.49 0.06
19 0.06 0.39 0.49 0.06
20 0.06 0.39 0.48 0.07

Source: Author.



C. Results of Variance Decompositions X

Table C.4: VAR forecast error variance decomposition: Proportions
of forecast error in bank liquidity creation

Proportions of forecast error in ”BLCb pc” accounted for by:
forecast horizon unemp cpi int BLCb pc

1 0.00 0.03 0.00 0.96
2 0.01 0.12 0.02 0.84
3 0.02 0.15 0.04 0.80
4 0.02 0.16 0.05 0.78
5 0.02 0.16 0.06 0.76
6 0.02 0.16 0.07 0.76
7 0.02 0.15 0.08 0.75
8 0.02 0.15 0.09 0.75
9 0.02 0.15 0.09 0.74
10 0.02 0.15 0.10 0.74
11 0.02 0.14 0.11 0.74
12 0.02 0.14 0.11 0.73
13 0.02 0.14 0.12 0.73
14 0.02 0.13 0.12 0.73
15 0.02 0.13 0.13 0.73
16 0.02 0.13 0.13 0.72
17 0.02 0.13 0.13 0.72
18 0.02 0.13 0.14 0.72
19 0.02 0.13 0.14 0.71
20 0.02 0.13 0.14 0.71

Source: Author.
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