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Abstract 
 

The recent economic and financial turmoil has led central banks around  

the world to heavily utilize unconventional monetary policy measures. Unconventional  

in this sense means a deflection from traditional central bank policy measures, i.e. interest 

rate innovations. Although these measures were widely discussed, the uniformed, coherent 

and comprehensive framework of such measures is still missing. The aim of this thesis is  

to establish the framework for possible classification of such policies together with 

transmission channels to the real economy. The empirical part examines the impacts  

of unconventional policies on real data using vector autoregression and vector error 

correction models. This analysis is based on monthly data period between 1999 and 2013, 

which is strongly affected by implementation of the unconventional policies in its second 

half. The last section examines the possible future of these policies as a normal instrument 

of central banks and describes their main challenges and shortcomings. 
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Abstrakt 
 

Nedávné hospodářské a finanční otřesy způsobily, že centrální banky po celém 

světě začaly intenzivně využívat nástroje tzv. nekonvenční měnové politiky. Pojem 

nekonvenční znamená odklon od tradičních opatření centrálních bank, která spočívají ve 

změnách úrokových sazeb. Ačkoli jsou tato opatření široce diskutována odbornou i 

neodbornou veřejností, dosud pro tento nový fenomén nevznikl pevný a ustálený teoretický 

rámec. Cílem této práce je vytvořit možný rámec pro vytvoření klasifikace těchto politik a 

popsat způsoby a transmisní kanály, kterými ovlivňuje reálnou ekonomiku. Empirická část 

práce nahlíží na nekonvenční politiky pomocí VAR a VER modelů vytvořených na 

makroekonomických měsíčních datech z let 1999 až 2013, která jsou ve své druhé polovině 

nekonvenčními politikami velmi silně ovlivněna. Poslední část práce se zamýšlí nad 

možnostmi budoucí využitelnosti těchto politik jako běžného nástroje centrálních bank a 

popisuje jejich nedostatky a budoucí výzvy. 

 

JEL klasifikace:  C32, E40, E44, E50, E52, E58, E60 

 

Klíčová slova:  Nekonvenční monetární politika, úroková míra, princip oddělení,  

struktura bilanční politiky, kvantitativní uvolňování, transmisní kanály, 

model vektorové autoregrese,  VEC model 
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Introduction 
 

Turbulent periods – no matter if economic or social – often create conditions  

for a change of attitudes, new ideas and play role as a catalyst for the development  

of consequent innovative solutions, approaches and theories. The financial crisis ongoing  

since 2008 is no exception, especially in the economic field. A new approach of many central 

banks all over the world is certainly one of the most visible consequence from the economic 

perspective. For the first time they were pushed not to rely on the traditional instrument, thus 

changes in interest rates, which reached the limits of its effectiveness through the minimum 

levels of interest rates, but acceded extensively to the use of balance policy instruments, also 

known as unconventional monetary policies.  

During our different economic classes many times we were told to be really lucky, 

because of the strong development in economic theory caused by economic turmoil of last 

several years. It is probably too early to unambiguously answer the question about  

the importance of this development in the long-term perspective of the economic theory. This 

idea, however, was one of driving forces in the decision about the topic of my Master's thesis.  

The opening years of the first decade of the new millennium could be in a large part  

of economically developed countries (so called “Western civilization”) characterized  

by relatively strong economic growth. We can easily demonstrate in a number of historical 

examples that such a situation generally produces less pressure on seeking and finding 

effective methods of solving various problems, which seems to be relatively less important  

in connection with the general positive spirit. This is true for most areas of human activities, 

including economics and so it was in the period prior to today's economic difficulties as well. 

Support of this statement can be found in a strong technical development and innovations 

during both World Wars. Only in few periods of human history, science and technology 

development progressed so quickly. The reason was the demand to find quick and effective 

solutions responding to the current pressing problems, which was also case of the recent 

turmoil.  

The global financial turmoil that broke out in 2007 and the consequent downturn  

in economic activity caused an unprecedented response from many central banks  

all over the world. They have reduced policy rates and adopted several measures freely called  

as “unconventional monetary policies”. This innovative procedure in monetary policy raised  
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a discussion in academic sphere and also in the popular press. Many new issues and questions 

emerged during these discussions.  

Naturally, the first of them is as inclusion of those new approaches in the context 

of modern economics. The problem of a description of basic characteristics of such policies 

and subsequent demand for their classification is handled in the first part of this paper. I have 

provided the stratification based on main two criteria. The first one relates to implications of 

changes in balance sheet policies on the structure of private sector balance sheets, the second 

concerns explicitly targeted market segments.  

A very interesting and important issue is question of transmission channels  

of unconventional monetary policies. By using the unconventional policy measures central 

banks partly abandon the simplicity of familiar and well-researched interest rate routine. This 

process combined with new complex issues related to communication and policy calibration 

brings a significant uncertainty to the central bank decision making. Are these new practices 

able to compensate undeniable drawbacks they contain? These areas will be addressed 

 in the second chapter of my work, which will be based primarily on the paper 

"Unconventional monetary policies: an appraisal" (2009) by Claudio Borio and Piti Disyatat. 

The next section is focused on the issue of an identification and quantification of these policies.  

In this section, I will use the VAR based on Gert Peersman‟s paper "Macroeconomic Effects  

of unconventional monetary policy in the EURO area" (2011), which is applied for a longer 

time horizon fully covering the period of the economic turmoil. Based on results of the VAR 

model is a new VECM with dummy variables composed, evaluated and results of both models 

are compared. 

The last chapter uses the knowledge of the previous chapters and describes main 

challenges of unconventional monetary policies and based on that their possible future  

in the modern central banking system. The main point concerns the fact that by using  

of unconventional policy measures central banks partly abandon the simplicity of familiar and 

well-researched interest rate routine. Another important problem is associated  

with the loss of independence, which is present as a golden thread throughout the text.  

All of these new policies involve balance interconnections between the central bank and 

private sector balance sheets and by doing so the central banks are becoming more susceptible 

to the market risk. Conclusion follows.  
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Theoretical part  

Basic terms 
 

Unconventional monetary policies 

The unconventional monetary policy is a form of monetary policy particularly used 

when interest rates are close to the zero bound and there are concerns about deflation or 

deflation is occurring. These policies take many different forms, but generally can be divided 

into credit easing, quantitative easing and signaling. In credit easing, a central bank purchases 

private sector assets, in order to improve liquidity and improve access to credit. Signaling can 

be used to lower market expectations for future interest rates, which was used during the credit 

crisis of 2008 by the US Federal Reserve, that indicated rates would be low for an “extended 

period”, and the Bank of Canada made a “conditional commitment” to keep rates at the lower 

bound of 25 basis points (0.25%) until the end of the second quarter of 2010. 

Balance sheet policy 

In certain situations the central bank may wish to affect broader financial conditions 

more directly and actively - using its balance sheet is able to cause a similar effect  

as by interest rate innovations. In contrast to interest rate policy, by their very nature such 

operations generally result in substantial changes in the central bank balance sheet – in terms 

of size, composition and risk profile. The reason is that they target market segments that go 

beyond bank system and over which the central bank has less control. Expert economic 

literature refers to such operations as balance sheet policy. Figure 1 shows development of the 

central bank balance sheets of the important market, which is typical example of the Balance 

sheet policy implementation.  

Figure 1: Balance sheet policy illustration  

 

SOURCE: NORDEA research articles (2012) 
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Policy rate 

In an interest rate policy approach, the policy rate summarises the official policy stance and 

indicates future development of interest rates. This indicator is highly stable during common economic 

situation. 

Unconvential monetary policies 
 

The Monetary authorities all over the world have been facing to the global economic 

turmoil during last several years by reduction of interest rates to unprecedentedly low levels 

and also by application of series of unconventional policy actions such as operations that are 

changing the composition of their balance sheets, actions that enlarge the size of the balance 

sheet or that are able to influence expectations of long term interest rate development. 

An extensive literature has already investigated the impact of traditional interest rate 

movements on real activity and inflation. However, there is scant information known about  

the macroeconomic effects and pass-through of non-standard policies and how they differ 

from conventional interest rate changes. 

Wide range of authors has already investigated the impact of features, channels and 

implications of conventional interest rate policy. The phenomenon of so-called unconventional 

monetary policy began to be mentioned intensively in connection with recent events, when 

standard monetary policies weren‟t effective any more. Monetary authorities almost 

everywhere in the world were forced to start searching so far not well researched new 

measures. Question of effectiveness, applicability and other important features is a key focus 

of this thesis. 

The unconventional monetary policy is a form of monetary policy particularly used 

when interest rates are close to the zero bound and there are concerns about deflation  

or deflation is occurring. These policies take many different forms, but generally can be 

divided into credit easing, quantitative easing and signaling. In credit easing, a central bank 

purchases private sector assets, in order to improve liquidity and improve access to credit. 

Signaling can be used to lower market expectations for future interest rates, which was used 

during the credit crisis of 2008 by the US Federal Reserve, that indicated rates would be low 

for an “extended period”, and the Bank of Canada made a “conditional commitment” to keep 

rates at the lower bound of 25 basis points (0.25%) until the end of the second quarter of 2010. 

 

 

 



  16 

 - 16 - 

Initial remarks  
 

Before we proceed to the unconventional monetary policies themselves, we should 

mention several important comments that help us to get broader perspective and distinguish 

them from traditional interest rate policies.  

Responses to economic turmoil around the world have different forms and 

unconventional monetary policies are just part of them. These responses have typically 

included combination of interest rate policies together with UMP. Furthermore UMP are not  

as new approach as it might seem. Some papers refer to the fact, that they are just improved 

extension of academic papers from 1960s and beginning of 1970s focused on changes  

in balance sheets of private sector and nowadays they have become an important issue because 

they were for the first time widely used in recent years. 

 Second remark is related to the “decoupling principle”. This is based on fact that using 

certain tools in a proper way any balance sheet policy can be fully offset by central bank 

instruments (e.g. by expansion of bank reserves). In other words balance sheet policies can be 

fully decoupled and thus independent of current interest rate. Precisely this important 

observation brings us back to the reason for widespread usage of unconventional monetary 

policies recently. In reality interest rates lost the ability to significantly influence real economy 

and natural reaction was an increasing significance of so far non-standard procedures. 

 As already mentioned, interpretation is more complicated than in case of interest rate 

policy and it raises importance of communication (this problem is discussed below  

in the section related to the signaling channel). 

 Another very important note to realize concerns the link between change of balance 

sheet policies and government balance sheet. These two components are parts of one 

consolidated government sector balance sheet. Any change in policy of central bank has  

an impact on this consolidated balance sheet and also on private sector balance sheets, which 

means that those changes influence also market expectations and behavior. In simpler  

terms: central bank has a monopolistic position in determining the interest rate, but in terms  

of the use of balance sheet policies, its independence is no longer full. This raises the question  

on cooperation, responsibility and coordination of monetary actions with the government 

sector.  
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UMP framework 
 

Before the recent crisis the monetary policy the across countries was in general based  

on the approach that the policy stance was exhibited almost solely by changes in short term 

interest rate, thus so called interest rate policy. Structure of this technique is relatively 

straightforward and can be summarized by to basic steps. First is the appropriate policy signal, 

which takes a form of the notification about policy rate described as the required level  

of the interest rate. This phase is called the signaling. Second phase, as a response to this 

signaling procedure, involves the liquidity operation management. In this approach liquidity 

operations are used only as a tool to implement this rate announcement effective and secure 

that reference overnight rate is close to the desired interest rate. Liquidity operations play only 

supportive role in this systemic approach and no additional independent policy information is 

contained  

in its changes. 

Balance sheet policies 
 

 If the central bank wishes to actively and directly influence the development of the 

economy otherwise than to use conventional interest rate changes, it has another opportunity to 

use balance sheet policy tools. Contrary to interest rate policy usage of such instruments 

changes structure, size and risk profile of balance sheet of CB and its impact on the real 

economy is not so straightforward as in case of traditional monetary policy. It means that 

control is much more difficult for central banks. Now important question comes out. Why 

should balance sheet policy work in the situation of zero bound interest rate? To answer this 

question Borio and Disyatat employ so called decoupling principle.  

 

Concept of decoupling principle is based on the fact, that central banks are able to 

perfectly separate balance sheet policies and interest rate policies. This can be done in two ways. 

First one is based on offsetting of effects of policy transactions on bank reserves made by 

central bank (scheme 1). Second way stands on postulate that central bank has to ensure that 

any change in bank reserves does not affect reference interest rate on the market. If CB pays 

interest rate at the same level as policy rate, it achieves exactly this result, because banks will 

be indifferent about amount of holdings (scheme 2). Both cases therefore provide situation in 
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which size and structure of central bank balance sheet can be modified without any effect on 

policy rate development. 

Figure 2: Decoupling principle 

 

SOURCE: Borio, Disyatat (2009): Unconventional monetary policies: an appraisal 
 

A very important consequence of decoupling principle independence is that the interest 

rate can be designed independently of the size of bank reserves. The same volume of bank 

reserves can appear with different levels of interest rates and vice versa. Balance sheet policy is 

thus valuable even in times of almost zero interest rate. Daniela Gabor in her paper „How to 

exit unconventional monetary policies: a return to the Great Moderation model of central 

banking?“ outlines a really interesting point associated with decoupling principle.  

 

 

“The difficulty with the Decoupling Principle, for most central bankers, then rests with 

the political economy implications of discretionary balance sheet policies because it opens up 

the fundamental question of what should be the mandate of central banks in capitalism“  

 

Daniela Gabor: How to exit unconventional monetary policies: a return to the Great Moderation model of central 

banking? (2012) 

 

 

Confronting openly this issue will probably a tough task for political economists, and 

this work has no ambition to do so. Nevertheless it is important to note, that apart from 

technical problems, which this thesis deals with, usage of balance sheet policies opens a new 

sphere of challenges on the economic-political field. 
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Let‟s now briefly look how does the theoretical concept of decoupling principle work in 

reality. As an example we can use central banks all over the world. Figure 3 shows the balance 

sheet evolution of selected Asian economies, but we can also use data from other central 

banks, e.g. FED, Bank of England or European Central Bank. All of these above-mentioned 

central banks confirm this concept. As we can clearly see from the graphs below, each of the 

central banks has intervened to some extent using balance policies in response to the financial 

turmoil. At first sight there is also a noticeable difference in timing and approach to the 

persistence of quantitative easing between Asian and non-Asian balance sheets of central 

banks. This issue, however, will be addressed in another part of this paper. For purpose of my 

paper at this moment is important fact that even if central banks in these countries actively 

used balance sheet expansions – especially in Korea and China it was quite strong extension, 

interest rates in these countries were able to retain as targeted. Other relevant information 

contained in these graphs is concerned with structure of these expansions. As mentioned, on 

liability side it was the accumulation of foreign assets, but note, that as offsetting instrument an 

issuance of central bank bonds has been used (in case of China accompanied by higher bank 

reserve requirements).  

Figure 3: Asian central banks balance sheets 

 

Figure 4: Central banks balance sheets in western countries 

 

SOURCE: Datastream in Borio, Disyatat (2009): Unconventional monetary policies: an appraisal 
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1 Securities held outright (including TSLF). 2 Repurchase agreements, term auction credit, other loans and CPFF. 3 Including to central banks. 

4 Issued by euro area residents and general government debt in euros. 5 Including US dollar liquidity auctions. 6 Including US dollar liquidity 

auctions and asset purchase facility. 7 Open market operations, including issuance of Bank of England sterling bills.  

Sources: Datastream  

* Asian central banks balance sheets shown in trillions, non-Asian in billions of corresponding currencies 

 

 We can slightly modify current discussions about exit strategies using consequences 

resulting from decoupling principle. Such a discussion can be in fact viewed in two separate 

levels. The first of them deals with appropriate level of interest rates, which can be obtained 

from traditional trade-off link between inflation and output, the latter is more complicated and 

deals with desired central bank balance sheet structure.  Concerning this issue means to  

consider given market conditions together with the expected development. 

 Once we have justified reasons for the functionality of balance sheet policies in real 

economy and their applicability in time of failure of traditional monetary methods, we can 

proceed to basic technical description and classification of balance sheet policies. 

 

Typology of balance sheet policies 
 

 In literature does not exist firmly settled comprehensive framework for balance sheet 

policy stratification. Each interested author can choose from variety of perspectives, which 

results in wide range of possible approaches. Most of them, however, differ in principle only in 

details or subjective importance of dividing criteria. I will build on the concept officially used 

by the ECB.  

This approach is based on two criteria. The first relates to implications of changes in 

balance sheet policies on the structure of private sector balance sheets, second concerns 

explicitly targeted market segments. Theory of changes in balance sheet structure and its 

consequence is based on traditional economic papers (e.g. Friedman(1956)), which started to 

work with assumption of imperfect substitutability – in this case inside balance sheets.  

The second criterion is linked to “soft instruments” of central banks. It is comes from the fact 

that technical changes in structure of balance sheets have to be accompanied by proper and 

effective communication. According to mentioned criteria we distinguish four categories of 

balance sheet policies as shown in the following Figure 5. 
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Figure 5: Typology of balance sheet policies according to ECB 

 

Type of policy Market targeted Intended impact 

Exchange rate policy Foreign exchange change of net FX exposures 

Quasi-debt 
management policy 

Public debt/securities 
change in claims composition on    
public sector 

Credit policy Private credit/securities 
change in profile of claims on  
private/public sector 

Bank reserves policy 
depends on the choice  
of method 

depends on the choice of method 

 

SOURCE: author (based on Borio, Disyatat (2009) stratification) 
 

Inclusion of the first type – Exchange rate policy – to framework of unconventional 

monetary policies may seem like an oversight. This is a very traditional and constantly 

performed technique made by central banks on foreign exchange markets. Why unconventional 

this time? Innovative in this attitude is different point of view on this common policy 

implementation. To the traditional perspective of dealing with changes in the currency 

exchange rate, which are carried out through changes in the structure of the balance sheets  

of central banks, there is new insight describing the wider impact of these structural changes on 

the real economy added.  

 Another type, Quasi-debt policy, involves changes in composition of claims  

on government held by private sector – designation “quasi” intends to separate this policy from 

the traditional "debt management", which has slightly different targets. It is done by purpose to 

amend yields on government securities on the market for public sector debt and thus influence 

costs of funding, which has become really important topic for many countries across the world 

recently and change prices of the assets with which the policy operated. 

 Credit risk policy consists in central bank operations aiming to influence structure  

of balance sheets of private sector and hereby influence financing conditions for private 

players.  This can be done by changing of central bank exposure profile towards the private 

sector claims. It means to modify profile of given claims held by central bank or change 

relative structure of claims held by private sector towards the public sector. Desired changes 

can be done in many different ways, e.g. by providing of new loans, changing of maturity, 

collateral and counterparty terms on monetary operations or by acquiring private sector claims 

and equities. Effects of these actions on private sector balance sheets are, however, dependent 

on perception of individual economic agents and that is the reason why it is pretty difficult  

to predict them in advance.  
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 Last type is called Bank reserve policies. This policy is purely technically based. 

Central bank sets clearly defined target for bank reserves regardless how this change will be 

compensated on asset side of its balance sheet. Implications for private sector balance sheets  

of such a policy depend on form of selected assets used for offsetting of change in bank 

reserves. According to the chosen method of compensation may therefore this policy lead  

to inducing of money and credit expansion or difficulties to the private agents through 

problems with funding of their business. Figure 6 provides summary of policy measures taken  

by the central banks in Japan, US, Euro area and England. 

 

Figure 6: Policy Measures Taken by Major Central Banks 

 

SOURCE: Size and Composition of the Central Bank Balance Sheet: Revisiting Japan’s Experience of the 

Quantitative Easing Policy (Shigenori Shiratsuka, MONETARY AND ECONOMIC STUDIES/NOVEMBER 

2010) 
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Before I proceed to the classification itself, there come out a few connected remarks to 

mention.  

None of the policies described above does automatically imply extension of central 

bank balance sheet. Effects concerning size of balance sheet are dependent on the selected 

ways of funding or selected approach and total size can remain unchanged, if the central bank 

decides.  

Balance sheet policies have to be considered as a part of the consolidated government 

sector balance sheet. It means that any balance sheet policy that the central bank carries out 

can, or could be, replicated by the government.  

By their nature, which includes higher uncertainty, complexity of transmission channels 

and impacts dependent on "soft" variables, usage of balance sheet policies involves a higher 

degree of risk in the system compared to traditional interest rate policy. For example by taking 

exchange rate policy central bank have to newly absorb foreign exchange risk, quasi-debt 

management brings interest rate risk, etc. 

Using above mentioned theoretical classification can be very useful for further 

description and more detailed insight into the real adopted measures taken by central banks 

during the recent turmoil. 

The most striking UMP measures of CBs 
 

 General public as well as professional economists have during several last years 

frequently heard terms like quantitative easing, credit easing and credit support or exchange 

rate policy. These terms were widely praised and also criticized by many authors for their 

adverse impacts, but not many of these authors have come with a systematic approach in order 

to be able effectively analyze and describe them. This chapter deals with description  

of mentioned measures and also aggregates different perspectives of various authors. 

Among the most frequently mentioned actions belongs indisputably so called 

quantitative easing. This seemingly simple term contains combination of several steps and its 

meaning as well as structure has been evolving over time. Although this concept is globally 

known and mostly connected with the policy of the Federal Reserve under the leadership  

of Ben Bernanke
1
 in the United States, term quantitative easing started to be used already 

around year 2001 as description of Bank of Japan policy approach. Just like this measure is 

                                                 
1
 Described and evaluated in details by many authors, for example in Arvind Krishnamurthy, Annette Vissing-

Jorgensen: THE EFFECTS OF QUANTITATIVE EASING ON INTEREST RATES:CHANNELS AND 

IMPLICATIONS FOR POLICY (2011, Cambridge) 



  24 

 - 24 - 

older than it might seem, it has also developed into various types depending on the usage of the 

specific central bank as well as it depends on the each author‟s perspective. 

Spiegel (2001) defines quantitative easing in slightly different way. He describes it  

as a policy heading for reduction of long term interest rates and this is done through the 

expansion of reserves of central banks. In our classification this corresponds to the bank 

reserves policy and quasi-debt management policy.  

According to Ugai (2006) quantitative easing is as a policy with following three steps 

main procedure. First of them is explicit target for bank reserves, second - highly 

interconnected to the first one - is commitment to maintain declared reserve levels in future 

and third involves purchasing of government bonds to reach the bank reserves targeted in first 

step. According to this attitude quantitative easing contains of bank reserves policy with quasi-

debt management policy and includes also specific communication strategy about the future, 

which is necessary for the functioning of the whole mechanism.  

Since turmoil at the end of previous decade, as soon as many central banks have been 

using many forms of quantitative easing, authors and also institutions have come with broader 

and more general definitions. For example The Bank of England (Benford et al. (2009) has 

whole on-line section dealing with this procedure and describes quantitative easing as process 

of purchasing of public and private sector assets for central bank money. This refers  

to the combination of bank reserves, credit and quasi-debt management policies.  

After massive use of this concept by FED in the US, as already mentioned, quantitative 

easing has become centerpiece of many worldwide discussions, which resulted in many other 

possible definitions from various authors. A general conclusion is that quantitative easing is 

any central bank operation resulting in an increase of central bank reserves, regardless  

of whether the latter is explicitly targeted or not – this complies with e.g. Krugman (2009) or 

Taylor (2009). This conclusion does not correspond to any category of above described 

balance sheet policies typology classification if this is assumed in advance. In case that 

increase in central bank reserves is just accompanying effect, we can find it out by means  

of our classification. 

Figure 7: Evolution of the approach to the concept of quantitative easing – summary 
 

Quantitative easing concepts Spiegel(2001) Ugai(2006) BoE(2009) Krugman(2009) 
Exchange rate policy 

    
Quasi-debt management policy ● ● ● 

 
Credit policy 

  
● 

 
Bank reserves policy ● ● ● ● 

Others Communication strategy       
 

SOURCE: author based on quoted sources 
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 Credit easing and credit support are not so widespread and publicized terms  

as quantitative easing, but these concepts were also abundantly utilized. As in previous case 

there was a shift in perception of content over time. In general it can be described as bunch  

of instruments to lend money to the general public as well as businesses. This is done using 

variety of lending programs or by purchasing of securities (also from the government). It 

means these practice is mixture of credit policy with quasi-debt policy. Although the absolute 

majority of cases is connected with funding by enlarging of bank reserves, this is once again 

not case of reserve policy, because this is just accompanying effect resulting from this 

approach by central banks.  

Another important form of credit policy is so called enhanced credit support. This 

approach contains actions to ensure interbank credit as described in The ECB’s Enhanced 

Credit Support by J.-C. Trichet (2009). It is done mainly through offering of fix-rate and long 

maturity financial instruments, accepting of widespread range of collaterals and also by 

purchases of bank covered bonds. All these measures lead to better flexibility of interbank 

credit market and as a consequence also to the better credit terms for private sector into the 

bargain.  

 

 Previous parts of this paper were largely focused on theoretical aspects  

of unconventional monetary policies. Outlining the theoretical setting is essential for proper 

understanding of the overall context of any new or recent topic, as unconventional monetary 

policies definitely are. Theoretical anchoring of the topic however misses out the effect if not 

supported by empirical analysis and evidence. Next part of my thesis combines outlined 

theoretical approach with real arrangements in the economy and serves as a transition to the 

last large section of my thesis that is focused on description of UMP characteristics and 

impacts by econometric tools. 

 

Empirical experiences 
 

 We can use outlined classification from previous pages for division of CB measures 

and its forms in reality. At this stage of the thesis it is useful to look a bit away from the 

theoretical approach and for purpose of better understanding of applied central banks actions 

focus on wider context behind implementation of unconventional monetary policies. Recent 

economic turmoil was often described as crises of confidence. Many discussions within the 

economic community covered the problem of restoring confidence in the economy. This fact is 
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clearly visible on the structure of recovery measures, which were used as "primary defense" 

against concomitants of the coming crisis. I will call this period as break out phase. Measures 

during this period were targeted mostly to alleviate tension in the markets. Following period, 

let‟s call it deeper drop phase, is the time of the awareness of the real economic circumstances. 

This was the time of greater and wider use of UMP as a tool to face the consequences of 

current economic problems. Let‟s now take a closer look at both these periods more precisely. 

Break out phase 
 

As already mentioned measures during this period were targeted mostly to alleviate 

tension in the markets. Although there were many indications that the emerging crisis will be 

more severe than usual recession inside the economic cycle, many economists have 

downplayed emerging problems until the very last moment. This approach led to the initial 

utilization of traditional monetary policy (and so changes in interest rates) together with some 

incipient forms of unconventional CB policies.  

The most prevalent form of unconventional monetary policies in that phase has been 

naturally credit policies. This policy in general terms intends to reduce interbank spreads, 

which is often seen as a litmus paper of market stress, by providing better conditions for 

funding of all participants in the real economy. Credit policy includes and utilizes many 

different tools to reach its goals. We can mention introduction of exceptional long-term 

operations, broadening of eligible collateral for transactions or foreign exchange swap lines. 

All of these mentioned measures were adopted at least in some form by almost all central 

banks in the world, starting from Fed, ECB and BoE, to BoJ, RBA or SNB
2
. Intentions to 

facilitate the market conditions were also underlying idea behind another credit policy remedy, 

such as easing conditions for lending out securities with special orientation towards highly 

liquid ones – typically sovereign bonds – against less liquid securities. These measures should 

help to smoothly clean the markets disproportions and furnish basic foundations for healthy 

economic growth in the future. 

 

 

                                                 
2
 Fed stands for Federal Reserves (US), ECB…., BoJ = Bank of Japan, RBA =  Reserve Bank of Australia; SNB = 

Swiss National Bank 
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Deeper drop phase 
 

The exact beginning of this period obviously cannot be obviously determined by the 

specific time point, because it varies according to individual development in countries around 

the world. Nevertheless one of the most frequently presented and mentioned turning point is 

definitely the collapse of Lehman Brothers (September 2008). This occurrence shuddered with 

the whole banking system and changed the way of thinking of many people. Consequences and 

circumstances of this breakthrough event have been well described by many authors – I have to 

mention at least the acclaimed paper Evidence from the Collapse of Lehman Brothers (2012) 

by Fernando, May and Megginson, which provides a deep analysis of preceding developments 

together with overall context of following steps. The authors of this paper consider as a main 

cause of the fall of Lehman Brothers a confluence of multiple processes, varying from 

excessive optimism and detachment of financial world from the real economical development 

to “Too big too fail” problem. 

 Deeper drop phase can be characterized by a disillusionment on the global markets 

associated with an adjustment of prices, subsequent declines on equity markets and many other 

unfavorable effects. All these phenomena resulted overall in tightening of credit conditions. 

This was highly connected to – at that time very low – confidence in financial markets. Among 

predominant measures in these times belong logically those trying to improve liquidity and to 

reduce emerged risk spreads in selected markets, such as commercial papers, corporate bonds 

or asset-backed securities. Above listed steps should thereby enhance funding of non-bank 

sector and help to initiate future economic recovery.  

 While during the initial phase of economic turmoil from the perspective of 

unconventional monetary policy have been used very similar methods (mostly credit policies), 

procedures of the second phase have been much more variable. In this phase we can also 

observe and distinguish differences across the countries in (at least) two perspectives. The first 

of them refers to an emphasis on a specific section of the economy (bank, non-bank, external 

trade,…), second refers to the global time perspective.  

Even though there has been higher variability of unconventional monetary policy 

methods used than during the first phase of the economic crisis as already mentioned, credit 

policy and associated problems of financing the economic recovery still predominated.  

The most frequent credit tools were targeted to scale down the problems of mortgage market or 

to improve corporate financing of new projects.  
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During the second phase central banks started also implementing of quasi-debt 

management by direct purchasing of public sector securities trying to influence a benchmark 

yield. These operations were done intensively by Bank of England and Federal Reserve Bank 

which bought sizeable amounts of government debts. Similar approach of buying government 

bonds was chosen also by Bank of Japan, in spite of its official proclamation, that “ intension 

wasn’t to influence benchmark yields but to facilitate money market operation under new 

market conditions” Bank of Japan (2009). 

 Decision about the implementation of reserve policy is a little more complicated. As 

previously mentioned in stratification part of this paper, in case of reserve policy central bank 

sets clearly defined target for bank reserves regardless how this change will be compensated on 

asset side of its balance sheet. It follows that although many of the above described UMP led to 

increasing of reserves of central banks, where this effect was only a secondary side-effect and 

not the purpose. It means we can not classify any of these monetary policies as reserve 

policies. The only central bank that defined its target for bank reserves as one of the important  

anti-crisis measures in Asset Purchase Facility Plan is Bank of England in its “Quantitative 

easing explained” web pages.  

I consider this seemingly not very important detail as outcome of combination process 

of the traditional conventional monetary approach and the “new” unconventional monetary 

policy. This is actually changing a long-standing practice in monetary policy, which was 

focused almost purely on price of the money (interest rates), and now is shifting also toward 

the quantitative aspects – quantitative easing, etc.  

 Rather specific is an implementation of exchange rate policies. Unless this policy has 

still many negative connotations in developed countries due to the Great Depression  

experience and its protectionist trade policies, this practice was used in many emerging market 

countries and therefore has to be also mentioned here as well. Many emerging markets but also 

other countries – I can mention for example Brazil, Hungary or Mexico - have experienced a 

strong downward pressure on the exchange rates subsequent after change in capital flows due 

to the ongoing economic problems. These countries had to respond to the new situation and 

this was many times done by executing of exchange rate policies. On the other hand there are 

countries like Switzerland where arose problem of upward exchange rate pressure and Swiss 

National Bank immediately established an intervention policy on the foreign exchange rate 

market to retain exchange rate of Swiss Frank to reduce risk of deflation and mitigate potential 

problems in monetary condition of the country. 
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Differences across the countries 
 

Developed vs. emerging market countries - CB approaches, UMP perspective 

In the previous paragraphs dealing with various aspects of facing the crisis I touched 

few times the issue of regionalization of unconventional policies. Let‟s look closer on the 

differences across countries and regions. I have already used the term developed countries and 

emerging market countries. I am aware that these expressions can be a bit misleading, because 

it refers to non-objective term, and assignment to the groups is therefore relative due to 

subjective reasoning behind individual aspects. In this case I use this term purely to split 

countries according to their utilization of the central bank in two basic aspects – type of UMP 

used and time characteristic.  

Type of implemented UMP 
As developed countries I consider countries, where central banks have high level of 

independence and are fully anchored as “guards of monetary stability”. That means they were 

not quite interventionist before crisis appeared and influenced the real economy almost solely 

by interest rate changes. These are mostly western countries. By expression developing or 

emerging market countries I refer to the countries where central banks were actively 

supporting government policy – most often through the creation of conditions for economic 

growth – even before the crisis. As an example of these approach can be mentioned 

southwestern Asia countries (Korea, China,…).  

It has also emerged an another important difference across the countries in the world, 

namely a  perception of possible role of central bank as an economic player has changed in 

many countries (transition to unconventional policy as full-blown complement to traditional 

operations with interest rate). Type of implemented unconventional monetary policies varies of 

course according to relative emphasis given by central bank. This focus is strongly correlated 

with relative importance of public and private sector and also with relative importance of bank 

and non-bank market in each country.  

As an example we can use the United States of America. This country has traditionally 

strong private sector and mostly non-bank credit market based system. As a result the Federal 

Reserve had mainly focused on enhancing of non-bank credit markets and public securities. 

This was done by establishing several supporting programs, like Commercial Paper Funding 

Facility to improve liquidity in the short-term funding markets or Term Asset Backed 
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Securities Loan Facility to encourage consumer credit lending. As an example of contrasting 

FED approach we do not have to go far away.  

The Eurozone system is predominantly bank oriented and banks play strong role  

in intermediate process of funding. The European Central Bank thus concentrated its attention 

on strengthening of banking system liquidity by providing fixed-rate and full-allotment 

operations with longer term maturities and by purchases of covered bonds. Somewhere  

in between could be incorporated for example the Bank of England or the Bank of Japan.  

The Bank of England carried out already quoted policy called Asset Purchase Facility, which 

was primarily concentrated on purchasing of government bonds together with reduction  

of interest rate of the British Pound. Economy of Japan is for a long time incomparable to any 

other developed country. The national debt is at the level of 200% of GDP, which is 

inconceivable to any country in Europe, where is the government debt a very big issue of last 

years. The Bank of Japan directed its efforts to improvement of funding conditions for firms 

and big companies by combination of various measures mostly regarding the commercial 

papers and corporate bonds.  

Above mentioned measures and their impacts on central bank balance sheets  

for selected countries are captured also in the figure 8, which demonstrates the effects of the 

above described measures. As mentioned the implementation of UMP brings increases on the 

asset side of the central bank‟s balances, which has to be offset on liability side. This is an 

another parameter where the differences are noticeable. On the asset side there was an 

accumulation of foreign assets in case of developing countries, but in case of developed 

countries the process was more complicated and complex (see description under graph 8). For 

offsetting it has been used an issuance of central bank bonds (for example in case of China 

accompanied by higher bank reserve requirements). 

 

Figure 8: Central bank assets and liabilities – western countries  
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Figure 9: Central bank assets and liabilities – Asian countries 

 

SOURCE: Datastream in Borio, Disyatat (2009): Unconventional monetary policies: an appraisal 

Comment: the timescale is different in charts (Developed countries from second half of 2007, emerging varying   

                  from 2000 to 2003) 
1 Securities held outright (including TSLF). 2 Repurchase agreements, term auction credit, other loans and CPFF. 3 Including to central banks. 

4 Issued by euro area residents and general government debt in euros. 5 Including US dollar liquidity auctions. 6 Including US dollar liquidity 

auctions and asset purchase facility. 7 Open market operations, including issuance of Bank of England sterling bills.  

Sources: Datastream  

* Asian central banks balance sheets shown in trillions, non-Asian in billions of corresponding currencies 

Time characteristic 
On the graph there is possible to clearly observe not only regional distinctions 

(developed vs. emerging market countries) from the perspective of balance sheet policies 

implemented, but also noticeable difference in timing and the approach to the duration.  

As already mentioned in developed countries have the central banks high level of 

independence and are fully anchored as guards of monetary stability, that means not 

interventionist and influencing the real economy development almost solely by interest rate 

changes. This can be very well observed in figure 8 in case of the FED, the Eurosystem and the 

BoE. Nevertheless this traditional view had been revised during the time of deepening of crisis 

and central banks in developed countries started to explore and exploit the usefulness of the 

UMP. This milestone occurred during the second half of 2008 after the fall of Lehman 

Brothers (September 2008). An implementation of new policies brought an expansion of 

central bank balance sheets, which is clearly visible in the graphs.  

 Emerging countries are experiencing a quite different development. As we can see  

the progressing crisis just accelerated long term process of utilization of balance policy tools in 

these countries, which means that these countries actively used central banks as active market 

players to affect the economic development. An important information contained in these 

graphs also concerns the structure of these expansions in balance sheets as is stated in chart 

comments.  
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 On the beginning of my thesis I started with description of some recent economic 

events together with an introduction of unconventional monetary policies as one of the most 

important answers. The following description of characteristics and classification of them was 

the logical next step. After this theoretical background I moved more towards the economic 

reality and have shown and described very briefly several examples of their implementation 

during the crises. In a subsequent part of my thesis I will go an another step further and 

concisely describe how an implementation of the UMP influences the economy, thus its 

transmission channels and impact on various economic fundamentals. 
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Transmission mechanism of balance sheet policies 
 

Many different transmission channels of unconventional monetary policies were 

detected in literature. Discussion of this issue has started long time before the beginning  

of the crisis – theoretical base was in fact laid already in the 60
th

, for example in traditional 

papers by Tobin dealing with imperfect substitutability – and gradually continued till 2008. 

During the crisis as new measures of the balance sheet policy appeared this debate had to 

evolve very quickly. In both periods (pre-crisis and during) the authors were mostly focused 

on transmission channels on more theoretical basis or individually according to their current 

concern. As an example I can use theoretical battles between Keynesians (represented by e.g. 

Tobin) and Monetarists (e.g. Milton Friedman), as an example of second type of papers can be 

mentioned Inside the Black Box: The Credit Channel of Monetary Policy Transmission from 

B.S. Bernanke and M. Gertler (1995) or The effects of quantitative easing on interest rates: 

channels and implications for policy from A. Krishnamurthy, A. Vissing-Jorgensen (2011). 

Example of the summarizing and well structured theoretical approach to the transmission 

channel system is provided also by ECB as depicted in Figure 10.   

Figure 10: Transmission mechanism of monetary policy 

 

SOURCE: ECB, Monetary policy department  

(http://www.ecb.europa.eu/mopo/intro/transmission/html/index.en.html) 
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During the crises there was not settled any comprehensive framework describing 

transmission channels of UMP, nevertheless there exist some conclusions among the authors. 

Based on many recent papers dealing with transmission channels of the balance sheet policies I 

will summarize the common conclusions and summarize the most interesting rewarding views. 

Frequently referenced paper in this field is The Effectiveness of unconventional Monetary 

Policy at the Zero Lower Bound: A Cross-Country Analysis by Gambacorta, Hofmann, 

Peersman (2012). As already mentioned there are many variations of transmission mechanisms  

of the UMP described in literature, which differ often only in small details. Overall, we are 

able to divide all of them into two main categories – the first one is signaling channel, the 

second can be called as balance portfolio channel. An identical division is possible to use also 

for traditional interest rate policy, but in case of the UMP the findings are not so unambiguous 

and straightforward. 

 

Signaling channel 
 

As it can be simply deduced from the title of this channel, it is very closely linked to the 

central bank's ability to communicate its intentions with other economic actors. In case this 

ability is at an excellent level, central bank enjoys high credibility. The implementation of 

balance sheet policy has a powerful impact and announcements of the central bank itself can be 

used as a very strong instrument. The signaling channel incorporates many key factors. The 

most important of them is shaping of market expectations about the future direction of the 

central bank policy. The importance of the signaling channel is emphasized by many authors 

for a long time and today it is perceived already as an inseparable part of the traditional interest 

rate mechanism. A precise summary with a demonstration for case of the US economy is 

provided in paper Signaling Effects of Monetary Policy (Melosi, 2012), in which the author 

describes how the signal channel affects the propagation of supply, demand and monetary 

shocks on US dataset. Based on econometric methods and results this paper describes ability of 

signaling measures of central banks and how it can be used to influence the economy. One of 

the main results presents, that the signaling effects of monetary policy are empirically 

important and absorb the effects of monetary disturbances on inflation. Results of the DGSE 

model applied in this paper indicates, that the signaling effects enhance the Federal Reserves 
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ability to stabilize the economy in the face of demand shocks and play a small role in 

stabilizing the economy after technology shocks into the bargain.  

The brief conclusion is that the signaling channel works in a very similar way for 

conventional as well as unconventional monetary policies, which is sufficient conclusion also 

for this thesis, because the signaling channel of conventional policy is described very well in 

detail in a number of papers.  

Balance portfolio channel 
 

 The second channel already involves the real interventions of the central bank on the 

market. This contains operations changing the composition of balance sheets of central banks 

together with private sector balances through mutual interactions. As already mentioned the 

underlying idea is based on the consideration that assets and liabilities in portfolio are 

imperfect substitutes (no matter how strong is this imperfection) and changes in relative supply 

caused by central bank is thus able to affect the behavior and also composition of portfolios of 

other market players (bank system and private sector) and vice versa. It is important to mention 

that this channel is based on combination of several stylized facts that are already well 

described in literature, which is not directly associated purely with unconventional monetary 

policies. As an example I can take the recent paper by Daniel L. Thornton Evidence on The 

Portfolio Balance Channel of Quantitative Easing from 2012 dealing with description and 

principles of the portfolio balance channel in case of the most exposed and discussed measure 

of the UMP. The balance portfolio channel can be in principle divided into two branches. First 

of them has been studied for a long period of time and is mostly connected to the Keynesians 

theory of imperfect substitutability on asset and also liability sides of portfolios, the latter and 

much more recent (deeply discussed during the recent crisis) stresses the impact of central 

bank actions on the risk preferences and tolerance of private sector.  

 

The first branch, dealing mainly with the imperfect substitutability of assets and 

liabilities in private sector balance sheet, is also called portfolio balance effect. The main idea 

is based on the fact that the change of supply for certain asset held by the private sector must 

also change its relative profitability and thus the portfolio structure of market players to 

maintain an equilibrium in the markets. The identical mechanism is applicable also vice versa. 

The second and more recent branch, sometimes also called risk-taking effect or channel, 

focuses on role of policy actions on the risk preferences and risk tolerance of the private sector. 
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The underlying idea of this channel resides in removal of risky assets from private sector 

portfolios by central banks. This procedure leads to improvement of credit providing 

conditions on markets, because removing of high-risk assets from balances of private sector 

results in reduction of benchmark yield of assets (thus also perceived risk) and increase risk-

taking of the whole private sector as a demand for higher yields increases. In the real world, 

these two branches occur simultaneously and intertwine, therefore it is very difficult to 

characterize their own partial effects separately. 

  Again, it is important to highlight that by usage of these channels central banks have to 

face a major problem of whole unconventional monetary policies, namely the weaker level  

of the control over used tools in comparison with the traditional interest rate policy. This 

comes from the fact that the central banks have monopoly supplier position on the market  

of reserve balance and thus are able to control interest rates directly. However, their position is 

not so strong for other assets and the ability to influence prices of assets is lower with higher 

degree of market capability to offer alternatives to measures offered by central bank. 

Nevertheless the central bank in such a situation can still play an important role of the market 

catalyst and using balance changes also able to help stimulate the economic activity and hence 

an economic growth. Although limited experience in implementing several of the variants  

of balance sheet policy complicates matters further and a lot of research work has to be done 

 in this regard. In my opinion it is almost certain that the UMP will establish its place  

in the toolbox of central banks. The only remaining question is, whether these instruments will 

be used as a standard measure in “normal” economic period or as an extraordinary strategy  

for the period like current crisis. However this is a challenging task to predict, I am going to 

briefly address a discussion about the future of the UMP at the end of my thesis. 

Regional differences 
 

I have already described regional differences in chapter Empirical experiences dealing 

with the implemented types of the UMP measures. These regional diversities were primarily 

attributed to two main reasons. The first of them is the stage of economic development  

in a given country or region, which divides countries/regions into emerging and advanced 

groups. The second one results from the structure of given economy – this approach was 

applied mostly to the developed countries and led to a division between predominantly bank 

oriented countries (e.g. Eurozone) and countries with traditionally strong private sector  

(e.g. U.S.). A similar principle can be used also in an examination of transmission mechanisms 
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of the UMP. The source of the differences in this case is again connected to the intermediation 

role of the central bank within the economic operations in the country. The more market 

oriented countries were giving a greater emphasis to credit policies that helped  

in an intermediation of private sector providers, on the other hand the bank oriented systems 

had tendencies stressed more providing of fixed-rate loans and implemented active policy 

in their central banks. Lets now look how the underlying mechanisms for various types  

of balance policies as described in previous parts of this thesis work, as each type has its small 

specifics.  

As usual I start with the most widely used type, thus with the credit policy. This policy 

aims to effectively interconnect lenders and borrowers and by doing so improve credit flows 

inside the system. Underlying mechanism is based on substitutability of assets, which differs  

in terms of risk, liquidity and time characteristics. This shift takes typically form of demand  

for private sector asset on the side of central bank for public sector asset. Such transfers have 

many impacts on the overall economic conditions. Central bank by this procedure in fact 

accepts more risky assets in return for less risky and in fact absorb some riskiness of the 

market. Reduction in overall risk in the market leads to decline in prices and more 

accommodative conditions for further capital flows leading to economic activity. Important 

conclusion coming from this procedure is possibility of influencing prices and cash flows  

in the economy by central banks and this procedure was during the recent economic turmoil  

in many cases implemented. Description of channels of such an implementation was 

documented in some recent papers, as an example I can use The Effect of Monetary Policy  

on the Availability of Credit: How the Credit Channel Works from Black, Rosen (2011), where 

authors describes impacts of credit easing to the economy and its implication for policy 

makers. 

 Compared to credit policy channel, which has relatively straightforward mechanism, 

quasi-debt management has more indirect transmission to the real economy. Intension  

of central bank is in this case to affect general terms of risk premium and also prices of market 

assets with higher priority to the government bonds, which are considered to be risk-free
3
.  

This procedure is however dependent upon many factors which can reduce the effectiveness 

of quasi-debt management process. First of them is level of interconnectivity in the asset 

markets with public sector. Higher is this level, stronger effects this policy can have. Another 

important factor is not connected to the market characteristics is generally high substitutability 

                                                 
3
 With awareness of the current situation in Greece, Spain, Island and other countries this is not the best describe 

label, but this notion is traditionally used in economic literature. 
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between central bank and government liabilities. This common-knowledge feature significantly 

reduces the balance portfolio effects and overall transaction channels of quasi-debt 

management policy are thus less efficient than in case of credit policy. This general statement 

is also one of the conclusions of paper The Power of Collateral: The ECB and Bank Funding 

Strategies in Crisis from Daniela Gabor (2012). Similar conclusion was reached also  

by Reinharh and Sack in their work The Economic Consequences of Disappearing Government 

Debt
4
 already in 2000. 

 Contrary to credit policy and quasi-debt management policy, exchange policy channel 

does not emphasis credit flows on the market. It focuses on transmission channel connected  

to the relative prices of commodities resulting from exchange rate changes. In previous types 

of UMP central bank interconnected public and private sector, exchange policy connects 

domestic and foreign markets. Exchange of central bank liabilities for foreign ones brings  

for the portfolio balance effect. Nevertheless this effect is again reduced by substitutability  

of underlying currencies, because such operations are mostly done between developed 

countries with free adjustable exchange rates. 

 Finally the last channel is connected to bank reserves policy. It is based on a very 

similar principle as in case of credit policy. Changes in the size or composition of more liquid 

assets in the banking system should play role of a catalyst for credit flows of private sector, 

thus result in higher risk appetite that affects yields and asset prices. Operations are done 

between central bank and certain segment of the economy.  

 
 

 

 

 

 

 

 

 

 

 

 

 

                                                 
4
 Name and topic of this paper sounds slightly inappropriately these days, especially with the knowledge that both 

authors were at the time of writing working in FED, where have debts recently increase significantly. 
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Empirical Part 
 

At the beginning of my thesis I have briefly described some recent economic events 

presented unconventional monetary policies as one of the most important answers of central 

banks, which was the main source of inspiration for selection of my thesis topic. Following 

section containing the description, basic characteristics and classification of them was  

the logical next step. After this theoretical background I have moved more towards  

the economic reality and have shown and described several concrete examples of their 

implementation during the crises. The subsequent part of my thesis provides another step 

further and concisely described the most important transmission channels of the UMP.  

The question of implementation and how it theoretically affects the real economic development 

was a very explosive issue for many economists during recent years and the discussion on this 

issue is far from being over. This section has already been closely linked with the development 

of specific economic variables and was intended to serve also as an initial interconnection  

with the modeling part of my thesis. 

The following modeling part of the thesis aims to describe the impacts of different 

economic variables (including representative of the UMP) on various economic fundamentals 

using simulation based on vector autoregressive and vector error correction models.  

These procedures are often used in macroeconomics for modeling of more than one variable  

in the system of simultaneous autoregressive equations. 

Unconventional Monetary Policies and Macroeconomic impacts 
 

Deep understanding of the balance sheet transmission mechanism, which was described  

in the previous section, and its connections to the real economic development is essential not 

only for policy makers in central banks, but also for economic theorists to formulate and 

establish new economic models including these measures. The theoretical part of this section is 

based mainly on Hamilton‟s Time Series Analysis and a book by W. Enders Applied 

Econometric Time Series describing underlying methodology of the Vector Autoregressive 

model and Vector Error Correction model and its utilization in macroeconomic research.  

The initial VAR model approach itself is based mainly on paper Macroeconomic effects 

of unconventional monetary policy in the EURO area (2011) by Gert Peersman  

(ECB and University of Gent). The following VECM is based on the results of the VAR model 



  40 

 - 40 - 

and its set up was created with an intention to be able to capture the data evolution  

for the crisis period better than the mentioned VAR model. 

Vector AutoRegression Model (VAR) 
 

As mentioned in the theoretical section and also in other economic sources, the VAR 

procedure is often used in the macroeconomic research. Peersman in his research paper uses 

Vector autoregression model on Euro area data sample 1999M9 - 2009M12 to describe 

impacts of the UMP in real economy. However, this data sample does include the crisis 

implication only to a very limited extent and without the inclusion of development in recent 

years is its explanatory power limited. The economic turmoil has greatly influenced the data 

evolution and, in my opinion, the VAR model is no more capable to describe the development 

of the economic variables well. In the first section of the empirical part of my thesis I use  

the mentioned paper as a springboard for replicating its procedure with more recent data to 

model the full impact of the crisis on the data to support or refute this assumption. 

Theoretical introduction 
 

Vector autoregression models are used for modeling of more than one variable  

in the system of simultaneous equations. Estimation of the VAR model is done by feasible 

generalized least squares (GLS). This method uses the individual equations of the system and 

estimates them by OLS. The residuals are then used to estimate the white noise covariance 

matrix ∑u. This estimator is then used in the next step to compute the GLS estimator.  

If all regressors in all equations are identical, the estimator reduces to an equation by equation 

OLS estimator. Procedure can be briefly summarized as in following two pages. 

 
A traditional Vector Auto Regression (VAR) model aims to describe time persistence 

of vectors of n time series using system of equations in a following structure 

tptpttt uZBZBZBBZ   ...22110 . 

The vector Zt stands for vector of endogenous variables
5
 in time t, level of lagged variables (p) 

is dependent on lag selection criterion and vector ut is assumed to be uncorrelated with past 

                                                 
5
 Endogenous variables are in this thesis represented by macroeconomic variables as described in the following 

“Model specification, data overview and identification” section 
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values of endogenous variables Zt with zero mean, positive definite covariance matrix V and 

can be characterized by following traditional three conditions:    
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as one matrix B given by  pBBBB 10 . If VAR model includes exogenous 

variables (e.g. constant), then B0 consists one column of constants with dimension (n × 1). B1 

is matrix is with dimension (n × n) and includes estimated coefficients for the variables Zt-1, B2 

is matrix is with dimension (n × n)  including estimated coefficients for the variables Zt-2 and 

so on. Detailed scheme of B matrix has dimension ((1+ n * p) × n) has thus form: 
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Another possible form of representation is companion form of the VAR model 
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, where A is known as “companion matrix” and can be written as 
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Companion representation of VAR model can be used as for creating of Vector Moving 

Average (VMA) representation. This can further transformed into form of infinite series of 

matrices Θi defined as 

it

t

i

y







 

The Θi can be obtained directly from the reduced form of Vector Autoregression 

representation. The above-described transformations are used to determine whether the VAR 

model is stable. This means that polynomial matrix A(L) in representation is 0)( zA , 

implies z >1 and thus all the eigenvalues of companion matrix A in the representation are in 

absolute value smaller than 1. It further implies for VMA representation that 0lim  nn  

and yt is stationary. In this case we finally get   
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Model specification and data overview 
 

VAR model is used for decomposition of credit supply innovations into mutually 

orthogonal components. This model has following structure 

ttt BZLAZ   1)(  

, where Zt is a vector representing macroeconomic endogenous variables of model. 

Endogenous variables in structural equation include in principle six different components, 

namely output (yt), price (pt), the volume of bank credit (ct), monetary base (mt), level of 

interest rate (it) and finally level of the monetary policy rate (st), α is vector of constants, A(L) 

is matrix polynomial in the lag operator L and B is the contemporaneous impact matrix of the 

mutually uncorrelated disturbances εt.  

All endogenous VAR components are estimated in log levels. Using log transformation 

approach follows methodology of papers A simple estimator of cointegrating vectors in higher 

order integrated systems by Stock, Watson (1993) or similar Inference in Linear Time Series 

Models with some Unit Roots by Sims, Stock and Watson (1990). These papers show that such 

a transformation of macroeconomic variables enables implicit cointegrating relations for used 

data files. Unfortunately relatively short data sample of variables (1M1999-9M2013) allows 

only a limited possibility of examining long-term relationships and the use of advanced 

techniques, such as ARCH type of models. 
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Data description 
  

I estimate data on monthly basis, which means 177 observations (between 1999M1 and 

2013M9) in total. Data specification is mostly following the approach in underlying paper by 

Gert Peersman. The European Central Bank Statistical Data Warehouse and Eurostat database 

were used as main sources. In VAR model I proxy output by seasonally adjusted Industrial 

Production Index, prices by HICP
6
. Considering the prominent role of banking system as loan 

provider in the Euro area and the fact that the Euro system primarily implemented its non-

standard policy actions through its banking system, VAR model contains bank credit variable, 

which is represented by seasonally adjusted MFIs volume of loans. I include also the 

corresponding interest rate, which is measured by MFI Interest Rate. The policy rate in the 

VAR model is conceived as the minimum bid rate of variable rate tenders or the rate applied to 

fixed rate tenders in the main refinancing operations (MROs)
7
 of the Euro system. This switch 

is a consequence of the change in approach of ECB, which has shifted from variable to fixed 

rate tenders in times of rising crisis from the middle of 2008. Finally, the monetary base is 

represented by Base money variable according to ECB definition. The overall representation 

and charts of endogenous variables in the model are provided in a following Figure 11, 

respectively Figure 12. 

 

Figure 11: Endogenous variables in SVAR model for EUROAREA 
 

Variable Representation 

Output (yt) Industrial Production Index - Total Industry (excluding construction), seas. adj. 

Price (pt) Harmonized index of consumer prices (index 2005=100) 

Bank credit (ct) MFIs volume of loans, total maturities, seasonally adj (mil.of Euro) 

Monetary base (mt) Base money (millions of Euro) 

Interest rate (it) MFI Interest Rate (%) 

Monetary policy rate (st) Min bid rate of variable rate tenders & fixed rate tenders in MROs (%) 

 

 

 

 

 

 

 

 

                                                 
6
Definition given by Eurostat (http://epp.eurostat.ec.europa.eu/portal/page/portal/hicp/introduction) 

7
 These two variables are suggested also by Peersman in his model 



  44 

 - 44 - 

Figure12: Original evolution of endogenous variables 

  

  

  

 

Estimation procedure 
 

I start with dataset transformation, furthermore the specification of VAR analysis 

comes, which can be decomposed into several steps. This technical process is performed in 

software JMulti and I mostly follow the paper about VAR Analysis by Helmut Lütkepohl & 

Markus Krätzig & Dmitri Boreiko (2006) when creating the model.  After lag selection and 

restrictions setting is model estimated. Different kinds of model checks follow and the 

following procedure comes in line with the results. 
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Data transformation 
 

As already mentioned I use log transformation of dataset to allow implicit cointegrating 

relationships in the dataset and use logarithms of first differences, where possible
8
. Euro area 

dataset endogenous variables in VAR (and also in VECM) have thus form as described  

in table 13.  

Figure13: Transformation of endogenous variables 

Variable Endogenous vector representation form 

Output (yt) Seasonally adjusted natural logarithm of first differences 

Price (pt) Natural logarithm of first differences 

Bank credit (ct) Sasonally adjusted natural logarithm of first differences 

Monetary base (mt) Natural logarithm of first differences 

Interest rate (it) Natural logarithm 

Monetary policy rate (st) Natural logarithm 

 

Lag selection 
 

This procedure contains two important steps. First of them is selection procedure  

of optimal Lags of endogenous variables. This is based on information criteria implemented in 

software - Akaike Info Criterion, Final Prediction Error, Hannan-Quinn Criterion and Schwarz 

Criterion. Second important part is model selection and imposing of zero restrictions on the 

parameters in model matrices. 

There is trade-off relationship underlying the optimal lag selection procedure between 

simplicity model and its ability to well fit the data. This problem is present in the determination 

of max endogenous lags. Using The optimal lag order is chosen by minimizing one of the 

following information criteria based on given max Lag level. 
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8
 Differences aren‟t used for interest rates as these variables are expressed in % and vary by discrete changes 
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, where )(
~

nu is estimated by T

tt
uu

T
ˆˆ

1
  and n* represents total number of parameters in each 

equation of the model under assumption that n is the lag order of the endogenous variables, 

also counting deterministic terms. The model includes deterministic terms – intercept, trend 

and also seasonal dummies – and such a procedure is depicted in a following table: 

 

Figure 14: Lag selection procedure results 

 

 

Information criterion of VAR model with intercept and trend 

Max Lag level Akaike Final Pred. Error Hannan-Quinn Schwarz 

7-10 6 6 1 1 

6 6 4 1 1 

4-5 4 4 1 1 

1-3 max max 1 1 

 

According to information criteria I have decided to use model with 4 lags of 

endogenous variables as the procedure described in Brüggemann, R. and Lütkepohl, H. (2001) 

suggest. Another reason in favor of usage of 4 lags is intention to keep model simpler. This 

form of model is suggested by data and is also used in literature for economic monthly data – 

as an example can be used quoted Peersman (2001).
 9

 

 
Model specification 
 

For specification of model variables I use two strategies provided by software. First  

of them, Sequential Elimination of Regressors (SER), is based on as described in Brüggemann 

and Lütkepohl (2001). This approach is sequentially deleting those regressors, which lead to 

the largest reduction of the selected criterion until no further reduction is possible. This 

approach is equivalent to the elimination of regressors with the smallest absolute value of t-

ratios until given threshold limit. Process of SER is very demanding, because each step is 

eliminated only one regressor and then all new t-ratios are computed for the whole model 

again. Second approach is Top-down method. This procedure takes into account the last 

regressor in the equation and checks if deleting it improves the criterion value. If not, the 

regressor is deleted, otherwise maintained. This procedure is applied sequentially to the lower 

order regressors. Both these procedures provide similar results depending on selected criterion 

                                                 
9
 If the Max Lag level of endogenous variables is limited to 5 and information criterions offer usage  

of lower lag levels, preference of the lower levels is suggested according to simple model rule. 
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as depicted in Annex 1. I use Top-down method after first iteration and for the selection is 

Akaike information criterion used. Detailed result of VAR model is attached in Annex 2. 

 
Cointegration test 

 

Cointegration tests are based on the simple general model  

 

, where yt is a vector of K observable variables, Dt is a deterministic term and xt is a VAR(p) 

process with vector error correction model (VECM) representation defined as 

 

ut in this equation is white noise process - ut ∼ (0, Σu) and the rank of Π is the cointegrating 

rank of xt and thus also of yt. Null hypothesis says, that rank of ∏ is equal to r0, alternative 

hypothesis claims that rank of ∏ is higher than r0. The r0 in this set up is r0=0, … , K-1.  

I use two types of cointegration test – Johansen trace test and test proposed by 

Saikkonen & Lütkepohl. Both of these tests were performed with different combination of 

deterministic and suggest the same results (as shown in Table 15). 

Figure15: Cointegration tests under different deterministic specifications with max lag 10 

 

Johansen Trace Test 

 

 
Deterministic specification 

Criterion Constant 
Constant and 

trend 
Orthogonal 

trend 

Akaike Information Criterion 6 6 6 

Final Prediction Error 6 6 6 

Hannan-Quinn Criterion       1 1 1 

Schwarz Criterion 1 1 1 

 

Saikkonen & Lütkepohl test 

 
Deterministic specification 

Criterion Constant 
Constant and 

trend 
Orthogonal 

trend 

Akaike Information Criterion 6 6 6 

Final Prediction Error 6 6 6 

Hannan-Quinn Criterion       1 1 1 

Schwarz Criterion 1 1 1 
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 The results of cointegration tests clearly suggest the need of some other model than 

VAR, which is able to deal with the cointegration problem. Residual analysis provides further 

information about the dataset. 

Residual analysis 
For purposes of the residual analysis several measures are used. These measures are 

divided based on aspect they are examining – e.g. testing for autocorrelation, normality, etc.  

 
Portmonteau test 

 

This test investigates mutual correlations of residuals ut„s with the null hypothesis  

of no autocorrelations between residuals and alternative saying, that at least one 

autocovariance and thus also autocorrelation is non-zero. 

hiuuH itt ,...,1,0)(:0    
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, Qt has under H0 distribution *)( 22 nhK   and n* denotes again the 

number of estimated VAR parameters. The resulting p-value of the test is 0.1233, so H0 cannot 

be rejected on traditional levels of significance. 

 

Normality analysis 
 

Jarque-Bera tests are used for testing of normality (respectively non-normality) of 

residuals. These tests are based on comparison of the skewness and kurtosis of the transformed 

independent residual vectors with those of a normal distribution. From the residual covariance 

matrix 
u

~
is computed square root matrix u

~
. 

 

Results are compared to the third and fourth moments of standardized residuals  

. 
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The test itself uses variables b1 (third moment) and b2 (fourth moment) defined as follows 

 

, where b1k is observed from 

. 

The b2 is observed analogically. From these two variables is counted Jarque-Bera statistics 

defined as 

   K

T

K

T

K bb
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JB 33
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, where 3K = (3,…,3)
T
 is vector for multivariate version of JB statistic. JBK has 

)2(2 K asymptotic distribution if null hypothesis holds. Results of JB normality test 

together with additional tests
10

 implemented in JMulti are shown in Table(s) 16. All of these 

tests suggest strong rejection of null hypotheses about normality of residuals, as expected in 

previous text. 

Figure16: Results of Normality tests 

 

JARQUE-BERA TEST for single variables 

variable teststat p-Value(Chi^2) skewness kurtosis 
Bank credit 18.16 0.0001 -0.5160 4,21 

HICP 0.79 0.6734 -0.1548 2,88 

Interest rate 271.90 0.0000 -1.2605 8,62 

Monetary base 6.14 0.0376 0.2979 3,75 

Output 5134.12 0.0000 -2.8435 29,15 

Policy rate 117.01 0.0000 -0.7572 6,75 
 

Doornik & Hansen (1994) based test        Lütkepohl (1993) based test  

  

 

 

 

 

                                                 
10

 Both “Doornik & Hansen” and “Lütkepohl” based test have null hypothesis consistent with JB test, thus 

residuals are normally distributed 

joint test statistic    6344.0819  

 p-value                 0.0000   

skewness only             302.2321  

 p-value                    0.0000   

kurtosis only             6041.8498  

 p-value                  0.0000   

joint test statistic     5516.4623  

 p-value                 0.0000   

skewness only            273.9727  

 p-value                     0.0000   

kurtosis only              5242.4896  

 p-value                 0.0000   



  50 

 - 50 - 

Stability analysis 
 

The essential assumption in econometric models is time invariance of the estimated 

parameters throughout the sample period. For VAR model is this assumption even more 

important, because its common follow-up procedure is Impulse-response analysis, which 

builds on this assumption. There exist many possible methods of validity checking, Chow test 

is one of the most common type of them. I provide also CUSUM analysis and compare results. 

 

CUSUM analysis  
 

 The Cumulative sum of recursive residuals (CUSUM) is a simple concept for 

description of changes in evolution of exogenous variables in the model throughout the 

reference period. It is counted as  

 

and depicted together with the reference lines defined as  

 

, where cγ depends on the desired significance level of resulting test. If the CUSUM line goes 

outside the sector between reference lines, the structural stability assumption of the underlying 

model is violated as shown in Brown, Durbin, Watson (1975). Results of CUSUM analysis are 

depicted in Figure 17. We can see that the assumption is violated around 2008 and some 

variables have more volatile development in the following period, which suggests structural 

change in the dataset. This implies again usage f some dummy variables. 

 

Figure 17: Results of CUSUM analysis on 10% significance level of the test 
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Chow tests 
 

Similarly as CUSUM analysis this test deals in principle with changes (more precisely 

structural breaks) throughout the sample period, that changes pattern of data sample. Existence 

of such a break violates the assumption of constancy of parameters. Under null hypotheses 

there is no present break-point inside dataset, the alternative hypotheses says that all 

coefficients including the residual covariance matrix may vary in time. 

There is present a premise suggesting that during the recent crisis there was a change in 

the behavior of European central bank throughout this thesis. In line with these expectations 

the conclusion is statistically supported by CUSUM analysis and also by Chow tests. At first  

I utilized the general test searching for break point over full dataset. This test clearly indicates 

break during 2010 as depicted on the following graph
11

. 

 

Figure18: Graphical results of Chow types of tests 

  

                                                 
11

 Reference value of 0,1 is is exceeded more than four times. 
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Results of Chow tests clearly suggest break point, the most significant is well 

anticipated panic after fall of Lehman Brothers (September 2008) as described in Deeper drop 

phase section of the theoretical part of this thesis. Further detailed graphical outputs are 

provided in Annex 4. Table 19 includes p-values of Sample-split Chow test implying 

appearance of significant break points and thus changes in evolution of variables during 2009, 

which corresponds to initial suggestion and expectations. As depicted in the table, we strongly 

cannot reject occurrence of structural brakes points in this period.  

Figure 19: Selected p-values of the Sample-split Chow test 
 

Period   p-values 

2009M6 0.0100* 

2009M7 0.0500** 

2009M8 0.0100* 

2009M9 0.0050 

2009 M10          0.0300**   

2009 M11        0.0800**    

2009 M12           0.0200**     

2010 M1              0.0400**   

2010 M2             0.2300*** 

2010 M3           0.4500***        

2010 M4 0.0700**    
 

Note: “***” denotes significance of break presence in a given period 
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Both stability tests thus suggest the same and anticipated result. The global economic 

problems that erupted in 2008 led to a change in the behavior of the modeled variables, causing 

a breach of the fundamental principles of stability for utilization VAR analysis of the entire 

data period (1999M1-2013M9). Consequences of violation of stability assumption are able to 

be observed also while testing normality of residuals. 

 

Most of the tests performed on VAR model residuals suggest problems with stability  

of parameters, respectively structural change during economic crises in recent years. The VAR 

model, which was able to fit the pre-crises data relatively well, is not properly applicable 

anymore. Furthermore there exists real threat of cointegration inside the data file. These 

observed facts suggest that the model, which will include both pre-crisis data with  

the relatively stable evolution and highly volatile dataset of turmoil years, have to include 

some form of deterministic variables to catch structural change. Furthermore it will be 

appropriate to use VECM rather than a VAR model to deal with the cointegration in dataset.  

A strong candidate for such a model is VECM with dummy variables to allow structural 

changes in coefficients of endogenous variables. 

Vector Error Correction Model (VECM) 
 

While building a VAR model, that was able to reliably cover data up to breaking year 

2009, several new findings appeared with the emergence of turbulent values of recent period. 

This was described at the end of previous chapter and encourage for application of other than 

VAR model. Well anticipated problems with stability of parameters calling for implementation 

of dummy variables into the model and the problem of cointegration suggest rather VECM 

branch of models. As in the previous chapter, I begin with a very brief introduction  

to the theory of VECM, the estimation procedure follows and summary parts sums up the 

model results. 

Theoretical outline of VECM 
 

The Vector Error Correction Model belongs to the similar group of models as VARs. 

The advantage of this model is the ability to cope with cointegration in the dataset, which is  

a common problem especially for macroeconomic data. This is done using possible differences  

of endogenous and exogenous variables, commonly written in form 
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, where yt denotes vector of endogenous variables, xt denotes vector of exogenous variables 

and unmodelled variables, 
CO

tD contains deterministic terms included in cointegration relations 

and finally Dt includes all remaining deterministic terms. Matrix Dt thus in this set up includes 

dummy variables to capture change in evolution of the described system by quantitative easing. 

Residual vector ut is assumed to be white noise process with zero mean and positive covariance 

matrix u

T

ttuuE )( . Aim of such a model is to estimate parameter matrixes α and β under 

given estimated lag matrixes (Γt), exogenous matrix (C) and cointegration order (r). Parameters 

α and β in this model describe the long-term relationship in the system, where α represents the 

loading coefficients and β the cointegrating relations. Traditionally is matrix containing β and 

η termed as cointegration matrix and denoted as β* 














*  

, where β* has dimension (K*× r) with K* equal to (K +
CO

tD )
12

. Various restrictions can be 

imposed on the parameter matrices. At first it is necessary to impose restrictions to ensure  

an identified model form which can be estimated. Generally, the initial structural form of 

model can only be estimated if identifying restrictions are imposed.  

If Γ0 is specified to be an identity matrix, the model becomes a reduced form and it is 

interesting to note the possibility regarding the VECM transformation rearranging  

to the reduced form. This form has a very similar structure as a most general VAR model and 

thus interconnects both models used in this work. The reduced form of VECM equation has 

following form 

ttqtqtptptt uDCxBxByAyAyA  

**

01110 ......  

, where all deterministic variables are covered by
*

tD  and endogenous variables are included  

in lagged values only. The differences from the general VAR system are basically two. A0 has 

to be restricted to be an identity matrix, so that the VARs are in reduced form and there appear  

p + 1 lags of yt on the right-hand side, while there are included only p in the VAR model. 

Briefly outlined VECM is used to solve cointegration relationships inside the dataset. 

Another problem is connected with the violation of the assumption of the constancy  

                                                 
12

 K comes from β and CO

tD from dimension of η, which is ( CO

tD × r) 
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of estimated parameters. In order to build a model, which will be able to cover strong changes 

in recent years, I use dummy variables. 

Structural changes in the model 
 

As mentioned I use VECM version of model including exogenous variables simulating 

structural change given by economic turmoil. This fact brings consequences for the estimation 

procedure of the model, which is described in chapter below. However, I begin by clarifying 

the underlying idea resulting in form the use of dummy variables, which mostly covers  

the implementation of quantitative easing approach and connected bank credit easing. 

There can be found several possible sources of dummy variables in the model using  

the knowledge from the theoretical background of the descriptive part of my thesis and also 

results from the VAR model residual analysis. As mentioned the implementation of dummies 

simulates structural changes of endogenous variables in the model given mostly by quantitative 

easing, which has effect primarily on monetary base and has affected data during economic 

problems during years 2001 (Dot-com bubble effect) and after 2008 (financial turmoil  

of recent years). Description of measures used after 2008 was in detail provided  

in the theoretical sections of this work, therefore I use a more technical approach in this part. 

 Quantitative Easing (QE) and connected measures were applied in many western 

developed countries (e.g. strongly by FED in USA) as well as in many countries in Asia  

(e.g. anti-crises program of Bank of Japan) and also in Euroarea region (ECB).  

An implementation example of the timeline schedule of the QE process in the most important 

four monetary regions (Euroarea, USA, Japan and Great Britain) is for illustration provided  

in annex 4a and 4b. 

From the model perspective is important a detail of QE in Euroarea region. This can be 

divided into two main parts. First of them is Covered Bond Purchase Programme (CBPP), 

which was published in May 2009 and focused mostly on purchasing of private assets.  

The original announced purchase volume was €60 billion in euro-denominated covered bonds 

and this volume was increased by additional €40 billion, so overall program could bring into 

the system €100 billion if fully utilized. Real numbers suggest a real impact of €72 billion. 

Second program is called Securities Market Programme (SMP) was announced by The Council 

of Governors in May 2010 and focused on purchases of sovereign debts. The ECB did not 

announce any specific target value for this program, but the bank‟s balance sheet increase 

implies real impact around €220 billion at maximum in the beginning of 2012. A Figure  
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20 summarizes impacts of CBPP in timeline. The overall ECB asset purchases under both 

programs were roughly €300 billion in total (based on CNB copyright articles, Mandel, 

Tomšík; 2012).
13

 The structure of QE in Euroarea thus suggests implementation of impulse 

dummy variables on monetary base variable in May 2010 and shift during the second half  

of 2011. Furthermore there is also present decline of monetary base in December 2001, which 

is consequence of problems in 2001 and 2002. 

 

Figure 20: Sovereign Debt Purchases by European Central Bank (in EUR billions) 

 
SOURCE: Constructed from the ECB balance sheet with weekly frequency 

(http://www.ecb.europa.eu/press/pr/wfs/2012/html/index.en.html) and taken from  

 Four Stories of Quantitative Easing (Brett, Neely; 2013) 

 
 The structural changes in bank credit variable are also strongly affected by crises 

period. This effect is economically interconnected with QE and partial view on the real impacts 

can be observed for example from the structural change in assets in balance sheet of ECB as 

depicted in Figure 21. Stable evolution of this side of ECB balance sheet was clearly affected 

during 2008 and this shift is mainly due to Claims on Euro Area Residents, LTROs and 

Securities for Monetary Policy Purposes. I apply dummy variable to cover structural shift 

change of bank credit during a turbulent period, which was one of the important anti-crises 

measures utilized by ECB. Concretely I apply shift for period between September 2008, 

                                                 
13

 Another possible picture of these programs is provided in Annex 4 

http://www.ecb.europa.eu/press/pr/wfs/2012/html/index.en.html
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February 2009 and June 2010 and impulse in March 2013, that are breakpoints  

by the data analysis.  

 

Figure 21: European Central Bank assets (in EUR billions) 
 

 

SOURCE: Four Stories of Quantitative Easing (Brett, Neely; 2013) 
 

The endogenous variable describing output, represented by Industrial Production  

in the model, has logically also changed its long term positive trend. Change in the evolution of 

this variable is closely monitored and is considered as a litmus paper of the phase in economic 

development. The implementation of dummy variable in this case is applied to cover strong 

decline of output between May 2008 and June 2009. 

 The implementation of the overall system of dummy variables in model is done using a 

"dummy" matrix which has from the theoretical point of view form shown in Figure 22. 

Figure 22:  Theoretical expected matrix of exogenous variables in the system of model equations 
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Note:  * indicates coefficients included in model 

 0 indicates coefficients excluded from model 
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Estimation procedure  
 

The estimation procedure of VECM can be decomposed into several steps. I mostly 

follow the paper about VECM analysis by Helmut Lütkepohl & Markus Krätzig & Dmitri 

Boreiko (2006) when creating the model. The dataset transformation has the same form as used 

in case of VAR model (table 13). Lag selection is done on the VECM with implemented 

structural shocks. Based on this the restriction setting is performed and after that is the model 

estimated. Different kinds of model checks together with commentary of results follow. Finally 

and based on the model results is the forecasting section performed. 

 

Lag selection and cointegration 
 

The selection procedure of optimal Lags of endogenous variables is computed for 

reduced form of VECM with dummy variables  

ttqtqtntnttt uDCxBxByyyy  

**

0111 ......  

and based on information criteria implemented - Akaike Info Criterion, Final Prediction Error, 

Hannan-Quinn Criterion and Schwarz Criterion. Second important part is model selection and 

imposing of zero restrictions on the parameters in model matrices. There exist trade-off 

relationship underlying the optimal lag selection procedure between simplicity model and its 

ability to well fit the data. This problem is present in the determination of max endogenous 

lags. Using the optimal lag order is chosen by minimizing one of the following information 

criteria based on given max Lag level: 

  22
)(

~
det(log)( nK

T
nnAIC u   

  2loglog2
)(

~
det(log)( nK

T

T
nnHQ u   

  2log2
)(

~
det(log)( nK

T

T
nnSC u   

 
K

u
nT

nT
nnFPE 














*

*
)(

~
det()(  

, where )(
~

nu is estimated by T

tt
uu

T
ˆˆ

1
  and n* represents total number of parameters in each 

model equation of the model under assumption that n is the lag order of the endogenous 

variables, also counting deterministic terms. The model includes deterministic terms (intercept, 
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trend), exogenous dummy variables (shift, trendshift) and result of such a procedure is depicted 

in a following table: 

Figure 23: Results of Lag selection procedure for VECM with dummies 

 

 

Information criterion of VECM with intercept, trend and dummies 

Max Lag level Akaike Final Pred. Error Hannan-Quinn Schwarz 

7-10 3 3 0 0 

6 3 3 0 0 

5 3 3 0 0 

3-4 3 3 0 0 

1-2 max level max level 0 0 

 

According to information criteria and suggestions provided by Lütkepohl, Krätzig and 

Boreiko I have decided to use variant of VECM model with 3 lags of endogenous variables. 

This variant offers lower lag level than the VAR model, thus leads to the less extensive model 

with three lagged endogenous variables and preserves the simplicity, which is another positive 

change in favor of VECM.  

For the implementation of VECM were performed the same types of cointegration tests 

as in case of VAR model – Johansen trace test and test proposed by Saikkonen & Lütkepohl. 

Both of these tests suggest the similar results and based on this was chosen cointegration order 

4 for the model – see Figure 24. 

 

Figure 24: Cointegration tests under different deterministic specifications with max lag 10 
 

Johansen Trace Test 

 
Deterministic specification 

Criterion Constant 
Constant and 

trend 
Orthogonal 

trend 

Akaike Information Criterion 4 4 4 
Final Prediction Error 4 4 4 
Hannan-Quinn Criterion       1 1 1 
Schwarz Criterion 1 1 1 

 

Saikkonen & Lütkepohl test 

 
Deterministic specification 

Criterion Constant 
Constant and 

trend 
Orthogonal 

trend 

Akaike Information Criterion 4 4 4 
Final Prediction Error 4 4 4 
Hannan-Quinn Criterion       1 1 1 
Schwarz Criterion 1 1 1 
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 The results of cointegration tests for the model with dummy variables consistently 

suggest the cointegration of order 4 to be used. Together with the results of Lag order selection 

analysis and dummy variables as described above I get to the final form of the VECM model 

as depicted in Figure 25.  

 

Figure 25: Resulting structure of the VECM model with dummy variables 
 

 

 

The corresponding final estimated parameters are shown in Annex 6. 
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Implementation of structure changes and subset selection  
 

The implementation of dummies simulates structural changes of endogenous variables 

in a model given. These changes are caused by several factors. The mostimportant of them are 

quantitative easing during economic problems during years 2001 (Dot-com bubble effect) and 

2008 (financial turmoil of recent years) as briefly described in previous section – impulses to 

the monetary base variable, effort to boost the economy in after crises period – distinct change 

in trend of bank credit variable from February 2009 till the middle of 2010 – and resulting 

decrease of output, which is the most visible on the data set between May 2008 and middle of 

2009. 

The matrix on Figure 25 illustrates observed resulting matrix by applying Top-Down 

method (the underlying idea under this approach is described in VAR model part) and 

according to the second AIC eliminating procedure provided by JMulti software.  

. 

Figure 26: The resulting matrix of exogenous variables in the system of model equations 
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Note:  * indicates coefficients included in model 

 0 indicates coefficients excluded from model 

 

The observed matrix is a very similar to the expected theoretical matrix of exogenous 

variables depicted in Figure 22, which provides the positive information about the capability  

of the model to capture external changes into the system and confirms logic  

of the implementation. After described specification is the VECM model estimated. Resulting 

parameters are represented in Annex 6 and analysis of its results follows. 

Residual analysis 
 

For purposes of the residual analysis I use several types of tests. These measures can  

be divided into several categories - Diagnostic tests (testing for autocorrelation and normality), 

Stability tests and Correlation Analysis. Autocorrelation between ut„s are tested  
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by Portmonteau test and for testing of normality (respectively non-normality) is utilized  

Jarque-Bera test. In the Annex 7 are all standardized residuals of VEC model plotted. 

 

Stability analysis 
 

The essential assumption in econometric models is constancy of parameters throughout 

the estimated period. Unfortunately, the CUSUM analyses is not not available for the model 

with dummy variables as it was for the simple VAR model, so I will utilize just different 

version of the Chow test.  

Chow test deals with changes (more precisely structural breaks) in time, that changes 

pattern of data sample. Existence of such a break violates the assumption  

of consistency of parameters. Under null hypotheses there is no present break-point inside 

dataset, the alternative hypotheses says that at least some coefficients including the residual 

covariance matrix may vary in time. Strong change exhibited by Chow test in case of VAR 

model (Figures 18 and 19) was one of the most important arguments for the inclusion  

of dummy parameters. The change in evolution of endogenous model variables during the 

recent crisis is present throughout this work and in line with these expectations the conclusion 

is statistically supported by CUSUM analysis (Figure 17) and also strongly by Chow tests.  

At first I utilized the general test searching for break point over full dataset. This test  

can graphically indicate the break dataset during 2009 as depicted in the Figure 27.  

 

Figure 27: Graphical results of Chow types of tests 
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The resulting values of simple-split Chow test still suggest break point during year 

2010 as they exceed 90% (or even 95%) significance level, but the resulting maximum value 

of 0.16, while simple VAR model reached value of 0.45 at that time (Figure 19), which is three 

times smaller than value of simple VAR model. The Figure 28 depicts results  

of the Sample-split Chow test, where specified p-values correspond to probability of mistake 

by rejection the existence of a break point in specified point in time, and thus change  

in the evolution of variables. As depicted in the table, we still cannot reject occurrence  

of structural brake, nevertheless, the significance of p-values reaches much lower values  

and the model thus provides better-fit results than VAR model.  

 

Figure 28: Sample-split Chow test p-values for VECM 

 

Period   p-values 

2009M6 0.0100* 

2009M7 0.0000 

2009M8 0.0000 

2009M9 0.0000 

2009 M10          0.0000   

2009 M11        0.0000 

2009 M12           0.0100*     

2010 M1              0.0300**   

2010 M2             0.0000 

2010 M3           0.0700**       

2010 M4 0.1600*** 
Note: “*” denotes significance of break presence 

  

The stability tests still suggest some break points even in case of VECM with dummies. 

This conclusion is not very surprising as the change of evolution after 2008 - together with the 

following global economic problems - was strong and also came after period with relatively 

stable evolution of the observed variables. The breach of the fundamental principles  

of parameter evolution thus cannot be easily modeled as it was before these changes.  

 

Correlations of residuals 

The Portmonteau test investigates mutual correlations of residuals under the null 

hypothesis of no autocorrelations between residuals and alternative of at least one 

autocovariance in residuals. 

hiuuH itt ,...,1,0)(:0    

hiuuH itt ,...,1,0)(:1    
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The test statistic has the form 
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, Qt has under H0 distribution *)( 22 nhK   and n* denotes  

the total number of estimated parameters in α and Γj in VER model. The resulting p-value  

of the test with predefined 16 lags is 0.2566. This is again better value, than in case  

of the simple VAR, which was 0.1233, and the resulting p-value doesn‟t suggest us to reject  

H0 of no autocorrelations between residuals of the model. The graphical representations  

of autocorrelations of residual are enclosed in Annex 8. 

 

Normality of residuals 
 

As in case of VAR model I test normality of residuals using the Jarque-Bera test.  

This test is based on comparison of the skewness and kurtosis of the transformed independent 

residual vectors with those of a normal distribution. From the residual covariance matrix 
u

~
is 

computed square root matrix u
~

. 

 

Results are compared to the third and fourth moments of standardized residuals  

. 

The test itself uses variables b1 (third moment) and b2 (fourth moment) defined as follows 

 

, where b1k is observed from 

. 

The b2 is observed analogically. From these two variables is counted Jarque-Bera statistics 

defined as 
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, where 3K = (3,…,3)
T
 is vector for multivariate version of JB statistic. JBK has 

)2(2 K asymptotic distribution if null hypothesis holds. Results of JB normality test 

together with additional tests
14

 implemented in JMulti are shown in table 29.  

 

Figure29: Results of performed Normality tests  

 

 JARQUE-BERA TEST for single variables 

variable teststat p-Value(Chi^2) skewness kurtosis 
Bank credit 62.1854 0.0000 0.0701 5,9684 

HICP 30.4224 0.0000 -0.5913 4,7094 

Interest rate 180.8288 0.0000 -1.0737 7,59 

Monetary base 807.2644 0.0000 0.9113 13,5508 

Output 0.8046 0.6688 0.0296 2,6672 

Policy rate 216.5146 0.0000 -0.7391 8,3444 
 

Doornik & Hansen (1994) based test        Lütkepohl (1993) based test  

  

 

 

 

 

 

All of these tests suggest rejection of null hypotheses about normality of residuals.  

The only one exception is Output variable as a part of JB test, but this fact cannot change 

anything on the overall overview.  

Although not all the residual tests perform perfect results, there are visible 

improvements resulting from the creation and implementation of VEC model with dummy 

variables compared to the original VAR model. There has to be done further econometric 

analysis to capture the fluctuations of recent years better. This analysis should be done with 

longer post-crises horizon, where will be included also dataset with the economic recovery. 

Only the analysis done with a larger time lag will be able to provide relevant evidence whether 

the long-term trends will return to pre-crisis levels, or if there has been a long term structural 

qualitative changes due to the crisis. 

 

                                                 
14

 Both “Doornik & Hansen” and “Lütkepohl” based test have null hypothesis consistent with JB test 

joint test statistic    6344.0819  

 p-value                 0.0000   

skewness only             302.2321  

 p-value                    0.0000   

kurtosis only             6041.8498  

 p-value                  0.0000   

joint test statistic     5516.4623  

 p-value                 0.0000   

skewness only            273.9727  

 p-value                     0.0000   

kurtosis only              5242.4896  

 p-value                 0.0000   
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Summary of modeling part 
 

My thesis begins by the theoretical introduction to the unconventional monetary 

policies problematic and furthermore follows gradual transition from the theoretical part 

towards the practical examples and approach. The econometric part was intended to apply 

VAR model, which is traditional method when working with macroeconomic dataset,  

on variables affected by the economic difficulties of recent years. I have decided to use six 

variables for modeling – output, represented by industrial production, and price level, 

expressed as HICP, which are important macroeconomic factors to describe economic 

development, interest and policy rates as representatives of the traditional channels of central 

banks and finally monetary base with bank credit as variables, which have been strongly 

influenced by utilization of UMP by ECB. 

When estimating the VAR model on the pre-crisis dataset, in which 4 lags  

of endogenous variables have been included, the results and following residual checks report 

relatively good values. The inclusion of the recent turbulent years provides significant change 

of long term evolution of the whole macroeconomic system. Most of the tests performed  

on VAR model residuals suggest problems with stability of parameters, respectively structural 

change during economic crises in recent years. Furthermore there exists real threat  

of cointegration inside the data file.  

These observed facts suggest that the model, which will include both pre-crisis data 

with the relatively stable evolution and highly volatile dataset of turmoil years, will have  

to include some form of deterministic variables to catch structural change. It will be thus 

appropriate to use VECM rather than a VAR model. The VEC model with dummy variables 

was designed to catch the structural changes. Based on information criterion were 3 lags  

of endogenous variables and order of cointegration set to 4. The following residual analysis  

of such a model provided much better results and although the model was not able to fully 

capture the structural changes, there is clearly noticeable improvement compared  

to the original VAR model. 

 As mentioned none of the constructed models was able to completely capture the data 

evolution. This fact is given by several shortcomings, which should be always taken  

into account in the evaluation of the analysis. One factor concerns the data quality problems, 

because utilization of interest and policy rates brings the problem with imperfect continuity of 

these variables. Nevertheless, this imperfection is present in a very nature of these variables, 



  67 

 - 67 - 

whose development is determined discretely by the decisions of the official authorities.  

Another factor is connected to the data quality. There has to be done further econometric 

analysis and research to capture and better understand all the events of recent years, but  

in my opinion this analysis should be done with longer post-crises horizon and with inclusion 

of the dataset containing also the economic recovery. Only the analysis done with a larger time 

gap will be able to provide relevant evidence whether the long-term trends will fully return  

to the pre-crisis levels, or if there has been a long term structural qualitative changes due to the 

crisis. 
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Perspectives of UMP 
 

 In the last section of my thesis I will briefly look to the future of the UMP and  

its possible usage in economic reality. Many renowned economists have been addressing this 

issue and there is no general consensus about the outcome. In my opinion will establish at least 

some measures from the UMP toolbar its place in the toolbox of central banks.  

The only remaining question is, if will be viewed as a standard measure used during the 

ordinary economic cycle to boost the economy or as extraordinary instrument prepared  

for exceptional cases like recent economic crisis. For a clear answer to this question is some 

time needed, nevertheless I will briefly address some points of the current discussion  

about the UMP and its future. Since the unconventional monetary policy is globally relatively 

new topic, it is necessary to do a lot of research work connected to this area of central banking. 

Many authors have already evaluated its real impacts, tried to evaluate the possible future with 

its most important challenges and some of them already published papers dealing with their 

effects in more theoretical perspective
15

. 

M. Lenza, H. Pill and L. Reichlin in their paper Monetary policy in exceptional times 

(2010) describe UMP measures taken by different central banks and use the econometric 

methods to evaluate its empirically observed effectiveness, which can be also used as base  

for the future utilization. They conclude that one of the most important things from the central 

bank‟s perspective is to maintain the money market functioning and thus focused on containing 

and narrowing interest rate spreads. They argue that usage of the quantitative easing has been 

well working and its effect on interest rates spreads is a successful example of UMP 

implementation. 

Well structured comprehensive view on future of UMP is included in the Borio and 

Disyatat (2009) paper. These authors split unconventional monetary policy into four main 

challenging categories. First of them is connected with communication and calibration, second 

is interconnection with government’s debt management, third covers absorption of risk inside 

the system and last focuses exit strategies of central banks.  

                                                 
15

 As an example can be used paper The effects of conventional and unconventional  monetary policy rules on 

inflation expectation: Theory and evidence (2012)  by Roger E.A. Farmer from Cambridge 
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Communication and calibration of balance sheet policy is a very complex problem  

with many unknown variables and was already discussed in theoretical part of this thesis.  

The biggest challenge comes with a fact that central banks have almost no experiences with 

communication of UMP in contrast to traditional interest rate policy, where is already settled 

stabilized framework and procedure for the evaluation of various effects. The absence  

of such a procedure for relatively recent balance policies complicates efforts to correctly 

quantify impacts of these measures. Recent rise in importance of UMP and their widespread 

use in the central banking involves another important problems and potential challenge –  

the need for a detailed assessment of their long-term impact on the market functioning and its 

relation to the operation autonomy of the central bank - this topic was also discussed  

in the theoretical part of this thesis. All these mentioned factors are influencing potential 

effectiveness of communication and undermine this measure as one of the very important 

central bank tools. 

 Worldwide heavily discussed issue of government debts can also be a very important 

factor for the future of balance sheet policies. Excessive debts of many countries in the world 

bring issues related to their future capabilities of repayment. The importance of government 

debts is evident from the fact that one of the basic building blocks of balance sheet policies is 

Quasi-debt management policy as described above. Awareness of debt phenomenon, which 

emerged over the last decades, is the center of attention of many authors already for a long 

time and during recent years became even more pressing as usage of some UMP measures 

brings increase of government debts. As an illustration of this importance I can use wide range  

of literature. An example can be mentioned an interesting paper The Liquidation  

of Government Debt by Carmen M. Reinhart and M. Belen Sbrancia (2011) describing 

development of the government debt phenomenon from its origins during 1940s till today and 

providing financial repression
16

 as possible answer to it. Another example is paper The impact 

of high and growing government debt on economic growth (2010) by Cristina Checherita and 

Philipp Rother dealing with government debts in the Euro area region. This paper empirically 

examines the degree of impacts of growing public debts on per capita GDP. The authors 

describe this impact as non-linear, which is generally accepted fact, and further try to find 

 the break point, where the debt consequences start to be already significant for long-term GDP 

growth. They conclude that for some countries is this level between 70% and 80%  

                                                 
16

 Term financial repression in this paper includes directed lending to government by captive domestic audience 

(such as pension funds), explicit or implicit caps on interest rates, regulation of cross-border cupital movements, 

and (generally) a tighter connection between government and banks. 
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of GDP and for some around 90%-100% - depending on economic specifics of each country, 

which means that many countries are already behind the defined limit and getting back is 

necessary, but will be also very painful for them. Another relevant and frequently quoted work 

was published by Bank for International Settlements and is called Government debt 

management at low interest rates (Robert N. McCauley and Kazuo Ueda (2009)). This paper 

highlights the potential to lower bond yields by swapping treasury bills for bonds in private 

hands, reinforcing the effect on bond yields of the prospect of sustained low policy rates.  

This procedure can have disadvantages (for example if central bank intends to boost economic 

activity by buying long-term debts), but overall could lead to a reduction of the cost  

for the long-term government debt financing. Also already quoted paper How to exit 

unconventional monetary policies: a return to the Great Moderation model of central banking?  

by Daniela Gabor (2012) deals with this growing problem. Most of the mentioned papers 

emphasizes that for the effectiveness of debt management policy is essential suitable 

supplementation of central bank and government policy actions. However, this brings back 

repeatedly discussed issue of the central bank independence, which is fundamental axiom  

of the modern economic organization.  

  The absorption of the market risk is an integral part of balance sheet policies.  

By purchasing of private actives central bank takes market risk from private sector and thus 

stimulates economic activity, on the other hand this risk is present in its own portfolio 

structure. All types of balance sheet policies bring some risk to the central bank portfolio and 

management of such a risk has to be carefully evaluated. Long term trade-off impacts between 

absorbed risk and market support shall be investigated in detail in the future scientific papers. 

As absorbed risk brings questions of independence and autonomy of central banks it also 

reduces its reputation, which is essential for effectiveness of monetary policies 

(unconventional, but also traditional one). If the degree of risk is too high, central bank‟s tools 

become much less effective and must be made tremendous efforts to gain confidence back and 

re-establish the balance between central bank, government and other market players. A very 

important factor in this process is country specific perception of role of central bank given by 

historical experiences or tolerance towards the higher inflation. There have been already some 

initial attempts to solve this problem for example by ex-ante fixed setting of conditions for 

asset purchases - used by Bank of England and in a slightly modified version by Federal 

Reserves in the US.  

 Three previous challenges are connected to the new problems of functioning of central 

bank affected by the use of balance sheet policies and linked uncertainties and risk absorption. 
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The Exit strategies view deals with the overarching situation in which balance sheet policies 

are ”not secured” anymore and describes how central bank can use its back door and eliminate  

the negative effects caused by unconventional instruments in its portfolio. By term not secured 

is meant such a state of the economy where issued long-term collaterals are heavily weakening 

and utilization of UMP measures becomes counterproductive approach. In such a situation 

have to be weighed all pros and cons of abandonment of these practices, together with 

concerning the timing and speed of exit form balance sheet strategies. On the other hand, there 

have to be also considered all relevant and predictable risks of transition to the traditional 

model of interest rates. This theoretically simple consideration is extremely difficult in the 

economic reality, because of large number of unknown and hardly predictable factors. Among 

these factors are for example communication of exit steps to the public (unfavorable 

interpretation would lead to the deeper problems), technical possibilities of exit itself (in case 

of utilization of credit policy, adverse trading can again lead to the low prices and further 

problems) or another important issue, which is again connected to the problem of insufficient 

knowledge and experiences with balance sheet policies.  

According to the opinion of Borio and Disyatat, but also of Stone, Fujita, Ishi or the 

conclusion of the BIS debates of the topic is however the main risk in exiting too late. Both of 

mentioned authorities prefer strategy of “controlled early exit” with proper communication 

rather than the opposite approach. 
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Conclusion 
 

In this paper, I have examined the recent macroeconomic phenomenon  

of the unconventional monetary policy from the theoretical and also econometric perspective. 

Even though many fragments of these policies have been implemented already in the previous 

times, the recent strong enlargement in the utilization of the unconventional monetary policy 

measures logically results in need for the creation of a comprehensive framework as well  

as a quantification of its effects.  

The opening sections of this thesis are more theoretical and include an introduction  

of the unconventional monetary policies phenomenon, furthermore they are focused  

on description of the main properties and based on that there is suggested possible 

classification. Due to the recency of the topic there is not a stable approach to the structure  

of these policies. For this reason I the use paper Unconventional monetary policies:  

an appraisal by Borio, Disyatat (2009) from the BIS a groundwork for the stratification and 

use it in the context of other economic authors. The stratification approach is based on two 

basic criteria. The first one relates to implications of changes in balance sheet policies  

on the structure of private sector balance sheets, the second concerns explicitly targeted market 

segments. According to the criteria unconventional monetary policies can be divided into four 

categories - Exchange rate policy, Quasi-debt management policy, Credit policy and Bank 

reserves policy. Of course, the stratification result varies from author to author, depending  

the chosen distinguishing criterion. 

The following section devoted to the transmission channels links the theoretical 

knowledge with economic actions and impacts. I divide basically the two main categories –  

the first one is signaling channel, the second can be called as the balance portfolio channel. 

Although a similar division is possible to use for the traditional interest rate policy as well, 

both these channels have more complex, less unambiguous and unfortunately also much less 

straightforward implications for the economic agents in case of balance sheet policies. This 

makes them much more difficult instrument for common use in terms of public communication 

and also complicates the possibility of exact forecasting of the economic consequences. 

The empirical part of the thesis goes further from the theory towards the economic 

reality and contains two models for description of the economic development in last years.  

In these models I work with six economic variables from the ECB - output, price level, interest 

and policy rates, monetary base and bank, in period from the beginning 1999 till September 
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2013. The first model is a simple vector autoregression, which is widely used for this type  

of analysis. As shown and based on papers of different authors, this kind of model was able to 

satisfactorily capture the data for pre-crisis values. The inclusion of highly volatile turmoil 

dataset, however, deteriorated its descriptive efficiency. Furthermore there emerged problems 

with the cointegration. Based on the knowledge of weaknesses of the VAR model I have 

created the VER model with dummy variables to mitigate mentioned problems. Dummy 

variables are in this model used for simulation of unconventional measures used during the 

crisis by ECB.  This model is able to provide better results, but the generalization of its 

findings for the estimation of the future development is problematic due to the lack of post-

crisis data. 

The last part uses the knowledge of the previous chapters and describes main 

challenges of unconventional monetary policies and based on that their possible future  

in the modern central banking system. The main point concerns the fact that by using  

unconventional policy measures central banks partly abandon from the simplicity of familiar 

and well-researched interest rate routine. This procedure brings a significant uncertainty  

to the central bank decision making. Moreover there are many new and complex issues related 

to communication or policy calibration. Another important problem is associated with loss  

of independence, which is present like a golden thread throughout the expert economic 

discussions about the topic. All of these new policies involve balance interconnections between 

the central bank and private sector balance sheets and by doing so central banks become more 

susceptible to the market risk. Broader consequences and long-term impacts of the indicated 

problems on the economy will be an important subject for the future research work concerning 

the central banking system and a role of unconventional monetary policies in it. Despite the 

problems that  brings the utilization of the unconventional policies, I came to the opinion that 

many of its components will incorporated into a variety of common measures that will be 

widespread used in the central banking sector all around the world. 
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Annexes 
 

Annex 1: Theoretical VAR model (based on the First step Top-down method using AIC 

criterion) 
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Annex 2:  VAR model observed by Top-down method with first iteration Akaike criterion  
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Annex 3: Standardized residuals of VAR model 
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Annex 4: Time schedule of Quantitative Easing in selected countries 

 

 

SOURCE: Four Stories of Quantitative Easing by Brett W. Fawley and Christopher J. Neely (2013)  
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Annex4: Time schedule of Quantitative Easing in selected countries 

 

SOURCE: Four Stories of Quantitative Easing by Brett W. Fawley and Christopher J. Neely (2013)  
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Annex 5: Results of Sample-split Chow test for VAR model 

 

 
 

 

Both resulting graphs are clearly suggesting break point resulting after mortgage crises 

(Lehman Brothers fall, Sep 2008) and following unstable evolution of disturbances as the 

crises has evolved all over the world. There is also visible relic after “dot-com bubble” 

finishing in 2001. 
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Annex 6: Resulting parameters of the VECM model 
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Annex 7: Standardized residuals of VEC model 

 
 

ANNOTATION: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

variable variable 

u1 Bank credit 
u2 HICP 
u3 Interest rate 
u4 Monetary base 
u5 Output 
u6 Policy rate 
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Annex 8: Autocorrelation functions of VEC model residuals with 12 lags 

 

 

 

  

  

  
 

ANNOTATION:  

 

 

 

 

 

 

 

 

 

NOTE:   The only significan autocorrelations occur in HICP at 12
th
 lag. This can be explained by the accounting  

  procedure, which is highly connected with monitoring of the price level (HICP variable). Inclusion of    

  seasonally dummy didn‟t help to solve this phenomenon. 

variable variable 

u1 Bank credit 
u2 HICP 
u3 Interest rate 
u4 Monetary base 
u5 Output 
u6 Policy rate 
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