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Abstract 

This thesis examines the role of unconventional monetary policy tools during and 

after the global financial crisis with a particular focus on three main parts – their 

description, implementation and efficiency. By introducing a thorough discussion 

based on both past and most recent papers on this topic, we provide an updated view 

on the classification of individual unconventional monetary policy tools which is 

often used inaccurately by the current literature. We further enrich the discussion by 

describing different strategies which central banks used before and after the global 

financial crisis along with the future plans and tendency of central banks in 

monetary policy. We conclude the thesis by our own analysis of the effects of 

quantitative easing on GDP and CPI using a Bayesian vector autoregression model 

with sign restrictions applied on Japan, the Eurozone, the UK and the US. We find a 

more pronounced and significant effect of quantitative easing on GDP and CPI for 

the UK and the US than for the Eurozone and Japan. Nevertheless, our findings have 

to be considered with utmost care as the model is very simplified and sensitive to the 

parameters chosen.    
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Abstrakt 

Tato práce se zabývá vyšetřením role nekonvenčních nástrojů měnové politiky 

během světové finanční krize a po jejím ukončení s obzvláštním důrazem na tři 

hlavní části – jejich popis, implementaci a efektivitu. Zavedením důkladné diskuse, 

jež se zakládá na dřívějších a nejaktuálnějších studiích na toto téma, naše práce 

poskytuje aktualizovaný pohled na klasifikaci jednotlivých nástrojů nekonvenční 

měnové politiky, která je často používáná nesprávně dnešní literaturou. Dále 

obohacujeme naši diskusi popisem různých strategií, které byly využívány 

centrálními bankami během světové finanční krize a po jejím ukončení spolu s  

budoucími plány a tendencemi centrálních bank v oblasti monetární politiky. Naši 

práci zakončujeme vlastní analýzou efektů kvantitativního uvolňování na HDP a 

index spotřebitelských cen použitím modelu bayesovské vektorové autoregrese 

spolu se znamínkovými restrikcemi aplikovaným na Japonsko, eurozónu, Velkou 

Británii a USA. Aplikací daného modelu nalézáme výraznější a signifikantnější 

efekt kvantitativního uvolňování na HDP a index spotřebitelských cen u VB a USA 

než u eurozóny a Japonska. Nicméně je nutné, aby tyto závěry byly uváženy 

s nejvyšší mírou opatrnosti, jelikož je náš model velmi zjednodušený a zároveň 

náchylný na zvolené parametry.    
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Research question and motivation  

First part of the thesis will be dedicated to the description and analysis of the main 

unconventional monetary policy tools such as quantitative easing, qualitative easing, credit 

easing and forward guidance. The analysis will mainly aim to answer the following questions: 

What were the effects of the implementation of unconventional monetary policy tools after the 

financial crisis? Were they effective (at least to some extent)? Did they substantially differ from 

country to country? The second part will discuss the CNB´s exchange rate commitment and will 

focus on answering the following questions: What lessons can we draw from it? What were the 

differences between CNB´s case and SNB´s case?  

 

Contribution  

There has been much research about this topic in recent years resulting in the presence of an 

extensive number of research papers. The main contribution of the first part of this thesis is to 

present their results in a comprehensible manner along with the implementation of most recent 

findings. Second part of the thesis will be dedicated to the discussion of CNB´s exchange rate 

commitment which still remains a very actual topic. Nevertheless, not much have been written 

about the appropriateness of CNB´s decisions in terms of other central banks. Thus, a 

comparison between the approaches of CNB and SNB should enrich the discussion about this 

problematics.  

 

Methodology  

The thesis will examine quantitative and qualitative changes in balance sheets of different 

central banks (ECB,Fed,BoE,BoJ) after the implementation of unconventional monetary policy 

tools in order to assess the efficiency of unconventional balance sheet policies. Furthermore, it 

will introduce and describe other selected methods which are commonly used for the assessment 

of unconventional monetary policy efficiency (VAR,DSGE,SRTSM etc.) along with the 

presentation of the results based on most recent research papers.  

 

Outline  

Abstract.Introduction. Description of unconventional monetary policy tools and their effects on 

economy along with the comparison of different central banks approaches. Description of 

selected methods (VAR,DSGE,SRTSM etc.) followed by the assessment of efficiency of 
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unconventional monetary policy tools. Exchange rate commitment – CNB and SNB case. 
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Introduction 

The problematics of monetary policy at zero lower bound evident in some 

dominant economies of the world (as the United States or the Eurozone) both at the 

beginning and after the global financial crisis has attracted the attention of many 

prominent economists. Given the raising progress in macroeconomic modelling, it is 

only natural that the main interest of researchers has been recently switched to 

various econometric assessments of the efficiency of unconventional monetary policy 

tools paying little attention to a correct use of the various terms which surround this 

topic. As a result, some of the key terms such as zero lower bound or quantitative 

easing have been used interchangeably with effective lower bound and credit easing, 

respectively. To lower the confusion, we provide the reader with a series of definitions 

and clarifications of these terms along with real examples of their implementation to 

further underline their distinctiveness.  

With respect to the implementation alone, we may observe its first signs 

already in Japan in February 1999, when Japan adopted zero interest rate policy 

connected with a drastic reduction in the uncollateralised overnight call rate. This 

policy was later accompanied with the first wave of quantitative easing in 2001 which 

was terminated in 2006. Other countries soon followed. Both the United States and 

the United Kingdom lowered their policy rates and implemented their quantitative 

easing policy programmes in 2009. The Eurozone has also adopted quantitative easing 

along with other unconventional monetary policy tools but in a rather different way. A 

quantitative easing programme similar to the one adopted by the US and the UK was 

adopted 6 years later in January 2015 with the introduction of Expanded Asset 

Purchase Programme. Japan reintroduced its quantitative easing programme with 

comprehensive monetary easing in October 2010 which was strengthened in April 

2013 with quantitative and qualitative easing. In spite of a vast literature on the 

strategies applied by the central banks with respect to unconventional monetary policy 

tools, not many sources discuss the period after the global financial crisis. We fill this 

gap by emphasising the increasing role of unconventional monetary policy in some 

countries (Japan, the Eurozone) even after the crisis and by mentioning the future path 
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of their monetary policy – whether they plan on further expanding their 

unconventional monetary policy programmes or rather preparing for a return to a 

conventional monetary policy – which is of a very special attention as it determines 

central bank´s “monetary arsenal” available for a future crisis which may come during 

next decade. 

The analysis of the efficiency of unconventional monetary policy tools is a very 

complex task. Thus, we decided to limit our discussion to the effects of quantitative 

easing shock on GDP and CPI. Such discussion was already made by Peersman et al. 

(2012) who use panel VAR on 8 countries using a sample period of 2008-2011. We 

apply our own model which has over the paper of Peersman et al. (2012) two 

advantages. Firstly, it prolongs the sample period to 2018 which is very important as 

some central banks used the quantitative easing extensively even after the global 

financial crisis. Secondly, as the endogenous variables used by Peersman et al. (2012) 

apart from the level of implied stock market volatility are not stationary, the 

application of vector autoregression model seems not appropriate. Since we use in our 

model the same endogenous variables as Peersman et al. (2012), we decided to switch 

from a standard vector autoregreesion model to a Bayesian vector autoregression 

model applied on Japan, the Eurozone, the United Kingdom and the United States. This 

decision is supported by the paper of Zapata & Garcia (1990) who find a better 

performance of Bayesian vector autoregression model over the standard vector 

autoregression model in a presence of unit root stochastic processes. Our results 

suggest a positive significant effect of quantitative easing shock on both GDP and CPI in 

the US and the UK, whereas in Japan and the Eurozone the results are less significant 

and weaker. However, such results have to be taken with consideration as our model is 

simplified and shows sensitivity to the parameters chosen. 

The thesis is stuctured in the following manner. First section presents a 

thorough description of unconventional monetary policy tools enriched by a discussion 

about their benefits and perils. Second section provides various examples of the 

implementation of these tools in Japan, the Eurozone, the United Kingdom and the 

United States accompanied with the discussion about their appropriateness by 

presenting the views of both central bankers as their promoters on one side and 
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economists who are more sceptical about their merits on the other side. Last section 

begins with a short literature review which presents different econometric models 

which are commonly used to assess the efficiency of unconventional monetary policy 

tools. Then it continues with the specification of our model along with the description 

of data implemented. It concludes with the results of our model along with a 

discussion of model´s limitations and provides recommendations for future 

econometric research on this topic.  
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1. Unconventional Monetary Policy Tools 

The aim of this section is to provide the reader with some basic insight into the 

realm of unconventional monetary policy (UMP) tools. Our main focus will be placed 

on their introduction and description, taking into consideration their benefits and 

perils. 

1.1 Quantitative Easing 

Federal Reserve´s Chairman Ben Bernanke (2009) and other prominent 

economists including Joyce et al. (2012), Fawley & Neely (2013) and Smaghi (2009) 

consider quantitative easing (QE) as a policy characterized by large-scale purchases of 

mainly long-term government bonds and bills which is designed to increase central 

bank´s balance sheet. The key idea behind QE is that even in a zero lower bound (ZLB) 

environment where the short-term policy rate is close to zero and its further cuts are 

no longer desirable1, a central bank may stimulate the economy by shifting its focus on 

long-term policy rate. By large-scale asset purchases (LSAP) of medium to long-term 

maturities a central bank aims to lower their long-term yields and thus create an 

upward pressure on their price. This should consequently encourage higher 

consumption and spending. 

Joyce et al. (2011) recognise three main channels through which QE is believed 

to affect asset prices. The macro/policy news channel (also denoted as signaling 

channel) contains information about central bank´s announcements with regard to 

monetary policy reaction function or expected policy rates in the future. According to 

Dell´Arricia et al. (2018), LSAP may help to convince markets about central bank´s 

commitment to maintain loose monetary policy and thus serve as a helpful 

complement to forward guidance. The portfolio balance channel induces sellers of 

assets2 to rebalance their investment portfolio because of assets imperfect 

substitutability. As central bank decreases their supply on the market and sellers 

decide to purchase different securities, the yield on these assets decreases pushing 

                                                           
1
 But not entirely impossible as we will see in the subsection dealing with negative interest rate policy. 

2
 Mainly long-term government bonds in the case of QE. 
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their price upwards. An illustrative example may include insurance companies and 

pension funds selling a large quantity of low-risk assets to a central bank and 

consequently diversifying their investment portfolio into riskier assets (stocks, 

corporate bonds etc.). Last but not least, the liquidity premia channel helps the 

investors to sell their assets even if the market conditions are stressed. To bear the 

risks associated with illiquidity, investors require higher liquidity premium. However, 

due to central bank´s LSAP, investors are less prone to these risks as they have a 

potential buyer when they choose to sell. This in turn decreases the liquidity premium 

and thus increases assets price. Beirne et al. (2011) recognise another channel denoted 

as real economy effect associated with LSAP per se. This channel reflects the fact that 

the assets purchases made by central banks are through sellers of these assets injected 

into real economy. 

As we mentioned earlier, LSAP might affect economy in some positive 

direction. Kozicki et al. (2011) point out that an increase in asset prices (either by 

means of portfolio balance channel or liquidity premia channel) entails a creation of 

positive wealth effects which in turn benefits consumption. Kozicki et al. (2011) show 

several other ways how these purchases influence economy. Let us start with the 

exchange rate channel which, provided that QE is effective in lowering interest rate, 

results in depreciation of domestic currency. This in turn increases the domestic price 

of imports which provokes a desired upward pressure on inflation. Another way is 

again through interest rate. A lower interest rate pushes debt-service costs down thus 

stimulating consumption and investment. To conlude, according to Kohn (2009), a 

decrease in long-term interest rates provoked by LSAP increases the effectiveness of 

fiscal expansion in stressed times and reduces the crowding out of investment and 

consumption.  

As with UMP tools in general, quantitative easing is exposed to criticism and it 

is believed to entail different potential risks. Kozicki et al. (2011) divide these risks into 

different categories based on which part of economic spectrum they touch. Firstly, 

quantitative easing may further expand financial market distortion which is mainly 

apparent when asset purchases absorb a prevalent portion of the outstanding stock of 
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government debt making central bank a powerful market player. However, as Ball et 

al. (2016) suggest, LSAP are unlikely to reach to such extent in which the central bank´s 

dominance would be threatening or where a central bank would own a majority of 

private corporate securities inducing nationalisation. Secondly, quantitative easing can 

have deteriorative effects on central bank´s credibility especially when long-term 

inflation expectations respond to macroeconomic news. This might be the case when 

purchases of sovereign debt are perceived as a way to further facilitate fiscal deficits or 

if they entail capital losses. In such case, LSAP may give rise to a de-anchoring of 

inflation expectations which directly challenges central bank´s credibility. Nautz et al. 

(2017) provide evidence on how the inflation expectations became de-anchored in the 

euro area after fall 2011 and continued in this fashion ever since.3 Thirdly, lower long-

term interest rates caused by LSAP can have adverse unintended consequences on 

macroeconomic conditions. This includes postponements of fiscal consolidation due to 

lower debt-service payments or higher incentives for households to hazard with 

excessive indebtedness. Finally, Yu (2016) expresses concerns about LSAP causing such 

high levels of inflation that it might become extraordinarily difficult for central banks to 

cope with it in future times. Moreover, he points out the “reaching for yields“ 

behaviour of investors which as a result of previously discussed portfolio balance 

channel seek for high-yield assets. If these assets are particularly risky (e.g. junk bonds) 

this can make the investors more sensitive to shifts in interest rates and market 

volatility.  

Let us conclude this subsection with a note on helicopter money (HM) which as 

some observers on this topic believe represents one of the possible alternatives to 

QE.4 Bernanke (2003) in his speech in front of the Japan Society of Monetary 

Economics in Tokyo refers to HM as an expansion of economic agents´ nominal 

purchasing power vis-à-vis permanent boosts to their money balances. Ball et al. 

(2016) view helicopter money as a combination of quantitative easing with a 

substantial fiscal element which may represent a threat to central bank´s 

                                                           
3
 More on the strategy of the ECB during the financial crisis will be discussed in the next section. 

4
 One of the proposals inspired by helicopter money was made in 2015 by a British politician Jeremy 

Corbyn called People´s Quantitative Easing which urges the BoE to invest the created money into 
housing and public transport (Wren-Lewis (2015)). 
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independence provided that such measure employs a joint decision about monetary 

accommodation with the government. According to Turner (Reichlin & Turner & 

Woodford (2013)), under certain conditions HM represents a better and more efficient 

way how to stimulate nominal demand that UMP tools would do (especially referring 

to QE). In the same interview with Lucrezia Reichlin, Woodford examines the effects of 

HM in comparison to QE. He argues that in practice these effects may differ if the 

perceptions of economic agents about their impacts on future policy are not alike. 

More specifically speaking, he states that the expectations of agents about a 

permanent increase in the monetary base are less likely to materialise in the case of 

QE (by making reference to QE in Japan during 2001-2006) that in the case of HM. In 

any case, as Woodford concludes, it seems more probable that direct transfers 

provided by helicopter money convince their receivers to believe that they can 

manage to spend more, even if they have little understanding of HM future policy 

implications, which is not the case of QE. Borio & Disyatat & Zabai (2016) challenge 

different aspects of HM financing. They argue that such a policy would lead to interest 

rates permanently stuck at zero or if this was not the case, the intended expansion in 

reserves would equal to tax- or debt-financed government deficits making in both 

cases the desired extra boost to demand inconceivable to materialise.  

1.2 Credit Easing and Qualitative Easing 

As a part of his speech for London School of Economics, Ben Bernanke (2009) 

discusses the main differences between credit easing and quantitative easing. As 

opposed to a pure QE regime where the main interest of central banks lies in the field 

of bank´s reserves (liability side of BS) with little regard to the composition of their 

securities (asset side of BS), credit easing aims to analyse how the composition of 

central bank´s assets influences credit conditions for businesses and households. 

Meanwhile quantitative easing is primarily designed to substantially increase central 

bank´s balance sheet through large-scale asset purchases, credit easing focuses on the 

restoration of credit markets by improving their functioning and reducing credit 
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spreads.5 According to Bini Smaghi (2009), credit easing, among other things, tries to 

deal with illiquidity problems in given market segments by relying on private sector 

assets purchases conducted by central bank. Rather than buying long-term 

government bonds, a central bank in the context of credit easing should shift its 

interest on purchases of corporate bonds, commercial papers and asset-backed 

securities. Beirne et al. (2011) present other two goals of credit easing, namely an 

attempt to ease funding conditions for firms and credit institutions and creating 

further incentives for  credit institutions to preserve and spread their lending to 

clients. Smaghi (2009) presents the risks associated with credit easing including 

allocative distortions with regard to firms (central bank has to be cautious about not 

privileging large firms during private sector asset purchases and should provide equal 

treatment to medium and small-sized enterprises as well) and the credit risk exposure 

(central bank has to prudently assess purchased assets and consequently make 

conclusions about their appropriateness in terms of central bank credit risk exposure 

in order to protect its independence). As both perils have been already discussed in 

the previous subsection, we will not go into much further detail.  

Willem Buiter in his blog “Maverecon” offers a clear distinction between 

quantitative easing and qualitative easing, which is often not the case in the recent 

literature (Farmer (2013)).6 Buiter defines quantitative easing (QE) as “an increase in 

the size of the balance sheet of the central bank through an increase in its monetary 

liabilities” in contrast to qualitative easing (QualE) which he considers as “a shift in the 

composition of the assets of the central bank towards less liquid and riskier assets, 

holding constant the size of the balance sheet.” The notion of “less liquid and riskier 

assets” presented by Buiter is emphasized by Bagus & Schiml (2009) and again by 

Bagus & Howden (2009) who are rather sceptical about the benefits of QualE policies. 

According to Bagus & Schiml, qualitative easing as it is defined by Buiter was 

implemented by the Federal Reserve before the collapse of Lehman Brothers. During 

this period, the Fed decided to substitute highly liquid assets (such as securities held 

                                                           
5
 In the same speech Bernanke descibes credit easing as a set of policies implemented by the Fed in 

comparison to QE policies implemented by the BoJ from 2001 to 2006. 
6
 In fact, there is a very limited amount of economic papers analysing pure qualitative easing policies. In 

most cases, qualitative easing is somewhere hidden in the discussion about credit easing policies. 
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outright) in its balance sheet with less liquid or illiquid assets (and often much riskier) 

supplied by problematic banks. It is important to clarify that this aid to banks was  

Figure 1.1: Composition of Federal Reserve´s Balance Sheet, 2007-20157 

 

 

 

 

 

 

 

 

Source: Federal Reserve Bank of New York. 

                                                                                                                                                      

Figure 1.2: Composition of Fed´s Balance Sheet Assets – Further Analysis 

 

 

 

 

 

 

 

 

Source: Bagus & Schiml (2009).8 Based on the data provided by the Fed.       

                                                           
7
 “Other Assets” includes discounts, central bank liquidity swaps, foreign portfolio, crisis facilities, DW 

and unamortized premiums. “Other Liabilities” includes Treasury General Account and reverse repos.     
8
 Colours were added by author in order to allow for better clarity.  
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provided by the Fed without enlarging its balance sheet by sterilising newly purchased 

assets. Nevertheless, as Bagus & Schiml point out, after the collapse of Lehman 

Brothers, a pure qualitative easing regime was unbearable. As Federal Reserve´s 

securities held outright shrunk drastically (in December 2008 they accounted for about 

25 per cent of Fed´s total assets compared to previous year where they accounted for 

about 90 per cent of Fed´s total assets as it might be seen in Figure 1.2), lending to 

banks exceeded amount of Treasuries available and consequently led to an end in 

Fed´s balance sheet sterilisation. Since then, a pure qualitative easing regime was 

replaced by large-scale asset purchases as it might be seen in Figure 1.1.  

Farmer (2013) is more open to the concept of qualitative easing. In the Bank of 

England Quarterly Bulletin from 2013, he claims that QualE helped to restore market 

confidence and effectively struggled with depression in the stock market. As central 

banks decided to take risks associated with problematic assets, the vicious cycle 

associated with low confidence in the recovery in the stock market started to gradually 

disappear. This in turn induced an increase in wealth causing desired effects on 

spending and consumption. As Farmer wittily points out: “when businessmen and 

women are afraid, they stop investing in the real economy” (ibid.), he places an 

emphasis on the merits of qualitative easing as an effective tool for both the economic 

policy and the stabilisation of financial markets.   

1.3 Forward Guidance and Negative Interest Rate Policy 

As we mentioned earlier in the subsection 1.1, forward guidance (FG) may 

under favourable circumstances serve as an useful complement to large-scale asset 

purchases. Based on its use by central banks, Campbell et al. (2012) distinguish two 

forms of forward guidance. Delphic forward guidance9 is mainly intended as a forecast 

of central bank´s macroeconomic performance and possible monetary policy steps vis-

à-vis revelation of its strategies and reaction function to public. Borio & Zabai (2016) 

point out that this form of forward guidance has been historically used by central 

                                                           
9
 As Campbell et al. further specify, the use of term “Delphic” is not intended to make any reference to 

the famous Delphic oracle. The authors simply use it to describe the statements of the Federal Open 
Market Committee.    
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banks prior to financial crisis (even if in a less frequent and specific manner). On the 

other hand, Odyssean forward guidance10 assumes a form of the central bank´s 

commitment to maintain its announced monetary course conditionally on either time  

(calendar-based) or economic conditions (state-contingent). Based on the degree of 

commitment´s ambiguity, it is further divided into quantitative (more specific) and 

qualitative (less specific). An example of a state-contingent qualitative Odyssean 

forward guidance may include central bank´s commitment to preserve policy rate 

unaltered until price stability is sufficiently restored. 

Borio & Zabai (2016) argue that forward guidance might in general cause a 

favourable movement in bond yields. Nevertheless, as Woodford (2012) and Campbell 

et al. (2012) emphasise, for a FG to be truly efficient, it has to avoid any forms of time-

inconsistent strategy, something very tempting and thus very difficult to attain. 

Provided that central banks are unwilling to keep their monetary commitment once  

the time comes, this may in turn shed negative light on central banks´s credibility and 

can partially or completely offset positive effects of this unconventional monetary 

policy. Campbell et al. (2012) fittingly point out that Odyssean forward guidance has to 

behave as Odysseus himself and thus relentlessly resist Sirens´ calls (temptations of 

central bank to address a policy based on current economic circumstances ignoring its 

pre-commitment) and use enforcement instruments to make its commitment even 

more credible (as Odysseus urged his men to bound him tighter once he hears Sirens´ 

songs). Ball et al. (2016) and Sheedy (2017) argue that one of the possibilities how a 

central bank can address this problem is by changing its inflation targeting (Sheedy 

goes even further and claims that a suitable reform in inflation targeting can offset the 

merits of unconventional monetary policies in future). However, for this change to 

work, it has to be consistent with central bank´s mandate – in the case of the lack of 

supporting policies, markets may become rather sceptical and thus interrupt central 

bank´s efforts. In compliance with Woodford (2012), such a supporting policy either in 

a form of intense quantitative easing or negative interest rates has to convince public 

not only about central bank´s commitment to steer its course toward stimulative 

                                                           
10

 In this case the reference to Odysseus (Borio & Zabai (2016) in their paper use the Latin variant 
Ulysses) is not incidental. Campbell et al. (2012) use the parallel between central bank´s commitment to 
preserve its monetary policy and Odysseus´ commitment to tying himself to the mast. 
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regime seas, but also has to provide necessary evidence to eventually get there. Apart 

from time-inconsistent strategy problem, forward guidance may entail other two 

problems. According to Borio & Zabai (2016), the concept of FG may be seriously 

challenged if central bank decides to predominantly rely on qualitative forward 

guidance by making its commitments intentionally vague and ambiguous. In such case, 

even if this commitment is believed, it may lead market expectations to rather 

different and undesirable direction. Dell´Ariccia et al. (2018) indicate that a 

commitment of a central bank to extend the duration of low interest rates further than 

expected may imply a worse macroeconomic environment than expected (especially 

when nourished by the seriousness of such commitment) having an adverse effect on 

market confidence. Despite the perils and complications connected with forward 

guidance, as Woodford (2012) and Campbell et al. (2012) conclude, an extensively 

propelled forward guidance by other UMP tools may result in a very powerful and 

useful unconventional monetary policy instrument, having the potential to alter 

market expectations about the future steps of central bank in such a way, which 

proves beneficial for the macroeconomic conditions today.     

The last unconventional monetary policy tool discussed in this section may 

prove a helpful supplement to the unconventional balance sheet policies (as in the 

case of forward guidance) taking into consideration its possible merits and risks. 

Negative interest rate policy (NIRP) refers to a policy of setting nominal policy rates at 

negative levels. At this point, an attentive reader may consider NIRP as a direct 

challenge to the theoretical zero lower bound construct mentioned at the very 

beginning of subsection 1.1. After all, how can an economic agent be willing to deposit 

his money into accounts which make him pay the interest instead of offering it? In fact, 

it is exactly the presence of cash which opens space for a new concept denoted as 

effective lower bound (ELB) – a value below which economic agents prefer holding cash 

rather than deposits bearing negative yields. Borio & Zabai (2016) consider ELB as a 

theoretical construct which guides the central bank about how far it can afford to go 

below zero without experiencing serious economic consequences. How to find such a 

point in practice is, however, not clear as it depends on various factors which will be 

broadly discussed in the next paragraph (an example of such estimation for the Czech  
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Figure 1.3: Implementation of NIRP in Selected Countries  

 

 

 

 

 

 

 

Source: Ball et al. (2016). Note: The graph shows both policy rates and overnight deposit rates. 

National Bank may be found in the paper of Havránek & Kolcunová (2018)). Schmidt 

(2018) examines the case in which the policy rate goes even below the effective lower 

bound, a situation in which any attempt to stabilise economy proves extraordinarily 

challenging. He suggests gradual interest rate adjustments as one of the possible 

remedies. 

McAndrews (2015) presents different reasons for the implementation of NIRP 

by central banks. In contrast to the Swiss National Bank and the Danmarks 

Nationalbank which mainly used the negative interest rate policy to discourage capital 

inflows thus coping with the appreciation pressures, the European Central Bank, the 

Bank of Japan and the Sveriges Riksbank aimed at further monetary accomodation to 

achieve higher inflation as their primary objective (the extent to which central banks 

decided to go with NIRP is presented in Figure 1.3). As Dell´Ariccia et al. (2018) 

emphasise, the main idea behind NIRP is in inducing banks to increase lending through 

a fee (in form of a negative interest) charged on the hoarding of excess reserves. This 

should in turn have desirable effects on investment and consumer spending which are 

dampened in a deflationary environment. McAndrews (2015) further enriches the 

discussion by providing various considerations and concerns related to negative 
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interest rate policy. Here we will address a few of them. Firstly, it is important to 

specify the incentives of economic agents to accept mildly negative interest rates (as 

we have already discussed, the interest rate cannot become too negative) in order to 

make a better idea about how the effective lower bound is set. These are for the most 

part reflected in the assessment of the attractiveness of cash by taking into 

consideration the costs associated with cash´s possible drawbacks. They might include 

various technical complications when processing large payments, insurance costs 

connected with cash´s exposure to theft or other inconveniences (such as fire or 

forgery) or time expenses associated with its transfer. Nevertheless, it is important to 

keep in mind that economic agents are differently sensitive to these considerations. In 

an extreme case, a household with a few thousand of dollars will be much less 

concerned about such perils and thus more reluctant to accept a negative interest than 

a large corporation. This is exactly the reason why banks proved hesitant to charge 

retail depositors with a negative interest despite the negative impact on their profits – 

retail depositors may choose to hoard their cash. This offers a new and interesting 

point of view presented by Rogoff (2014) and Agarwal & Kimball (2015) who, among 

many other prominent economists, examine the arguments for the gradual limitations, 

taxation or complete replacement of paper currency as a natural obstacle to further 

decreasing the interest rate into negative values. Even if Rogoff (2014) generally 

considers the idea of gradual elimination of paper currency as an useful instrument 

how to effectively cope with the problem of the zero bound on interest rates, he 

emphasises that it is the cash´s anonymity which hinders the process of phasing-out 

paper currency (as it decreases the demand for electronic reserves) which has to be 

addressed first. As Rogoff describes in Rogoff (2002), in most countries there is well 

over 50 per cent of currency which is used to hide transactions which is a resonant 

reason why to oppose traceable means of transaction. In compliance with his earlier 

research on the extension of paper currency as a mean to cover illicit activities and tax 

evasion (see Rogoff (2002)), as Rogoff points out, the issue of cash´s anonymity 

remains a considerable policy problem even today. According to Agarwal & Kimball 

(2015), a radical step toward the complete elimination of paper money is not perforce 

necessary. It is rather important to implement a mechanism which will allow paper 

currency to deviate from its par (rather than relentlessly consider paper money as a 
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zero lower bound constraint). As these two authors suggest, this may assume the form 

of “time-varying paper currency deposit fee between private banks and the central 

bank” (ibid.) whose main goal is to set an effective exchange rate between paper 

money and electronic money. The main benefit of this strategy among others lies in 

the flexibility of paper currency to return to its par when the negative interest rate 

policy is no longer desirable. Secondly, as McAndrews (2015) discusses, there might be 

possible operational and legal complications connected with the implementation of 

NIRP. They include cases in which the appearance of a negative interest rate is not 

established in contractual language or considerations whether bonds which will be 

redeemed for less than par can be formally qualified as a part of collateral. Thirdly, 

negative interest rates may reverse the incentives of economic agents by challenging 

their conventions. As a consequence, economic agents may employ different 

economically counterintuitive actions to evade negative interest. An example includes 

a check receiver who decides to deposit his check in a bank as late as possible. Finally, 

as negative interest rates decreases banks´ profits (as we have already discussed, 

banks are hesitant to charge retail depositors while undergoing the presence of 

negative rate on their loans), they might be tempted to hazard with highly risky assets. 

These complications, as McAndrews concludes, may be addressed in time provided 

that are cautiously assessed by policymakers.     

All in all, the first section has presented different ways how unconventional 

balance sheet policies (such as quantitative easing, qualitative easing and credit 

easing) supported by other UMP tools (forward guidance and negative interest rates) 

may in theory affect real economy and help to address the constraint of zero lower 

bound on interest rates. Further, it has touched the alternatives to UMP tools in form 

of helicopter money and alternative (mostly) conventional tools such as changes in 

inflation targeting. It has also considered a relatively newly established concept of 

effective lower bound which challenges the older zero lower bound constraint 

connected with central banks´ reluctance to pursue negative interest rate policy. 

However, there are still two more topics to address – implementation of the UPM 

tools and the econometric evidence of their efficiency. This will the subject of the 

following two sections.   
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2. Implementation of UMP Tools 

The main purpose of this section is to present various strategies that central 

banks around the world have implemented after the financial crisis11 in compliance 

with the theoretical background developed in the previous section. Furthermore, the 

results presented in this section will form an useful supplement to the discussion of 

the efficiency of the UMP tools which we will touch in section 3. 

2.1 Japan 

Japan was the first country to adopt the quantitative easing policy programme 

in the form discussed in subsection 1.1. But before such decision was made by the 

Bank of Japan (BoJ) in 2001, the country was experiencing unfavourable consequences 

of the asset price bubble´s burst which happened in early 1992, leaving Japan to face a 

decade of stagnation12 and adverse financial conditions which further escalated in a 

1997´s banking crisis. As Nakaso (2016) points out, the main attention during this 

decade was paid to the restoration of financial system (infected with an excessive 

number of nonperforming loans and a desperate support of zombie banks and 

companies) and the disentanglement of the Gordian Knot formed by excess debt, 

excess capacity and excess employment.13 Even if Japan had eventually succeeded in 

solving these problems (by the mid-2000s, Japan has made a series of decisive steps to 

substitute the shadow of the Lost Decade with promising light beams in form of 

sustained growth), it had to cope with the economic challenges of the new millennium. 

For the Land of the Rising Sun, the main issues included decline in growth potential 

and deflation. To address the threat of deflation, the BoJ introduced the zero interest 

rate policy (ZIRP) on 12 February 1999, accompanied with an immediate reduction in 

the uncollateralised overnight call rate14 to 0.15 per cent followed by its further 

reductions up to nearly zero per cent. At that moment, the Bank of Japan decided to 

use the state-contingent qualitative Odyssean forward guidance (in the form discussed  

                                                           
11

 The subsection dedicated to Japan will also contain a period prior to the financial crisis. 
12

 This period is commonly referred to as the “Lost Decade”. 
13

 Nakaso (2016) refers to them as the “three excesses”. 
14

 The Uncollateralised Overnight Call Rate in Japan is commonly referred to as the “Mutan interest 
rate”. 
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Figure 2.1: Policy Interest Rate and the Inflation Rate in Japan, 1985-2018      

 

 

 

    

        

Source: Kuroda (2017). Based on the data provided by the BoJ. 

Figure 2.2: Main Elements of BoJ´s Balance Sheet, 1995-2019 
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Source: The Bank of Japan. Note: The following figures are in 100 million yen. 
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in subsection 1.3) to address the future of the ZIRP. More precisely, the BoJ announced 

its commitment to maintain the ZIRP “until deflationary concern is dispelled” (Kuroda 

(2017)). However, as Ito & Mishkin (2006) underline, the Bank of Japan has made a 

fatal decision when in August 2000 increased the Mutan interest rate to 0.25 per 

cent15 in response to current positive signs of economic recovery (led by an increase in 

the stock market index and by a rise in corporate profits). As these two authors 

indicate, this event has shed a negative light on BoJ´s credibility and would become 

one of the reasons of BoJ´s successive failure to overcome deflation during 2001-2006. 

In compliance with the theoretical background built in the first section, we may regard 

this decision as an example of a time-inconsistent strategy stemming from the 

ambiguity of qualitative forward guidance and the lack of experience with its 

implementation. As we discussed in subsection 1.3, in such case a forward guidance 

does not work sufficiently to alter inflation expectations and any implementation of 

quantitative easing (regardless its extent) will not save it. This idea is well summarised 

by Eggertsson and Woodford (2003) which claim that UMP tools have to act as 

complements and not as substitutes. Soon after August 2000, Japan entered into 

another recession providing an evidence of a short-lasting lifetime of the earlier 

economic recovery. As a response to deteriorating economic conditions, the Bank of 

Japan decided to return to the ZIRP in March 2001 accompanied by an extensive use of 

QE thus switching its primary focus from the Mutan interest rate to excess reserve 

targeting. This was mainly visible by an increase in outright purchases of long-term 

Japanese government bonds (JGB) supplemented by a considerably smaller amount of 

asset-backed securities (the development of BoJ´s reserves during 2001-2006 is 

depicted in Figure 2.2). The Bank of Japan awared of its mistake in August 2000, 

strengthened and concretised its forward guidance and in October 2003 announced 

that “the necessary condition for the exit from ZIRP is that the CPI inflation rate 

becomes zero or above for a few months and there was no forecast by the board 

members of falling back to deflation” (Ito & Mishkin (2006)). The main difference 

between this FG and the FG announced in 1999 is in the fact, that this time the 

forward guidance was backed up by QE, which made it more trustworthy for the 

markets. In fact, an earlier abandonment of ZIRP would potentially entail losses on the 
                                                           
15

 This increase is depicted in Figure 2.1 by a protruded “little red bowler hat”. 
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JGB purchased by the BoJ, making any time-inconsistent strategy more painful. As Syed 

& Yamaoka (2010) argue, an improvement in the communication of the BoJ with 

market participants represented an important cornerstone of the relatively smooth 

exit strategy which escalated in March 2006 when the BoJ replaced reserves policy 

with the Mutan interest rate as its primary target. Nevertheless, the abandonment of 

QE did not last long for Japan and soon after the collapse of Lehman Brothers on 15 

September 2008, the Bank of Japan was compelled to return to unconventional 

monetary policy tools again. As a response to historical lowest levels of inflation (in 

October 2009 inflation reached its trough of -2.5% as it might be seen in Figure 2.1) 

and poor economic performance, the Bank of Japan launched the comprehensive 

monetary easing (CME) programme in October 2010. The CME included not only the 

purchases of long-term JGB to provide additional liquidity as during 2001-2006 

(Bernanke (2009) refers to this period as a pure QE policy regime), but also showed 

signs of credit easing as descibed in subsection 1.2. Indeed, this programme also aimed 

at reducing risk premiums and credit spreads by including purchases of riskier assets 

such as Japan real estate investment trusts (J-REIT), exchange-traded funds (ETF) and 

corporate bonds. As Lombardi et al. (2018) point out, the comprehensive easing largely 

succeeded in addressing these goals but proved insufficient in affecting inflation 

expectations. A more radical step toward inflation expectations was made in April 

2013, when a newly appointed Governor of the Bank of Japan Haruhiko Kuroda 

launched the quantitative and qualitative easing (QQE) programme. As Kuroda (2017) 

explains, the purpose of QQE is twofold – effectively influence inflation expectations 

(vis-à-vis forward guidance) and decrease long-term interest rates (vis-à-vis large-scale 

asset purchases).16 In order to fulfil its 2% price stability target, the Bank of Japan 

increased its balance sheet to an unprecedented extent which was mainly achieved 

through LSAP of JGB and to a smaller extent through the purchases of J-REIT and ETF.17 

The unconventional monetary policy toolkit was later enriched by negative interest 

rate policy in January 2016 supported by the yield curve control introduced in 

September 2016. When evaluating the policies adopted by the Bank of Japan during 

                                                           
16

 A decisive monetary easing is one the “three arrows” of Abenomics named after the Prime Minister of 
Japan Shinzō Abe who took office in December 2012. Other two arrows include fiscal stimulus and 
structural reforms. 
17

 In November 2018 the BoJ balance sheet exceeded Japan´s nominal GDP (Sano & Uetake (2018)).  
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the period of Abenomics (from December 2012 until now), the following questions 

arise for a further discussion: “How much credit can we attribute to the BoJ in 

overcoming deflation in the light of global economic recovery? Is it (after all) 

appropriate to implement unconventional monetary policy tools and insist on them 

during “normal” times? Was the implementation of the negative interest rate policy in 

January 2016 a way back to deflation (as its opponents argue by making reference to 

some of the complications of NIRP discussed in subsection 1.3) or the deflation was 

largely caused by a decline in crude oil prices (as Kuroda (2017) and Nishino et al. 

(2016) point out, the inflation expectations in Japan are not anchored, adaptive and 

highly sensitive to exogenous shocks)? ” We will end this subsection with two more 

remarks. According to Yoshino et al. (2017) the effectiveness of Kuroda´s QQE with a 

negative interest rate in terms of its spillover into real economy was largely offset by 

BoJ´s relentless efforts to achieve 2% price stability target and Abe´s government 

excessive interest in monetary policy (and subsequently not paying enough attention 

to other two arrows of Abenomics). Takata (2018) discusses the future of QQE in 

upcoming years, wondering whether a new version18 of Haruhiko Kuroda (“Kuroda 2.0” 

(ibid.)) will continue to pursue its 2% price stability target which was reached only 

shortly in summer 2014.  

2.2 The Eurozone and the United Kingdom 

    The strategy employed by the European Central Bank (ECB) in early stages of 

the global financial crisis is to some extent different from the policies implemented by 

the Bank of Japan and the Federal Reserve (which will be discussed later). This mainly 

originates from two observations. Firstly, banking sector in the euro area plays a 

crucial role provided that the euro area has adopted a bank-based financial structure  

(contrary to the United States where the savings are for the most part directly 

channeled to borrowers vis-à-vis markets). And secondly, the interest rate on the main 

refinancing operations (MRO) was set close to zero a few years after 2009 when the 

Federal Reserve and the Bank of Japan have already set their policy rates close to zero  
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 Kuroda was reappointed as the Governor of the BoJ in March 2018 for next 5 years. 
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Figure 2.3: Policy Interest Rate of Selected Central Banks, 2007-2013      

 

 

 

 

 

Source: Fawley & Neely (2013). Based on the data provided by Fed,ECB,BoJ and BoE. 

Figure 2.4: Main Refinancing Operations (MRO) Rate, 2005-2019      

 

 

 

 

 

Source: Author. Based on the data provided by the ECB. 

(as it might be seen in Figure 2.3.) This technically means that the ECB was not 

constrained by the ZLB well until  10 September 2014, when it set the MRO to 0.05 %  

and later on 16 March 2016, when the ECB decided to further decrease it to 0% (and to 

date, it still continues in its 0% MRO policy). As Cour-Thimann & Winkler (2013) point 

out, this was the reason why the unconventional monetary policy tools during first few 

years after the crisis acted as a supplement to a conventional interest rate policy 

rather than an exclusive and essential need.19 As Trichet (2010) explains, in the very 

first years after the fall of Lehman Brothers (2008-2009), the European Central Bank 

summarised its primary goals into a series of policies aimed at the restoration of  

                                                           
19

 This is the the reason why the monetary policy tools adopted by the ECB during first years after the 
global financial crisis are not regarded as “unconventional” in the true sense of the word.  
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further deteriorating banking and financial sectors (with regard to the importance of 

banking sector in the financial transmission). These policies, among other things, 

included credit stimulus in form of excessive liquidity provisions from the ECB to the 

euro area credit institutions at a MRO rate or the longer-term refinancing operations 

(LTRO) which were designed to prolong the maturity of refinancing operations in order 

to make newly obtained liquidity available for an extended period of time. In the 

course of following 3 years (2010-2012), the whole eurozone was depressed by the 

sovereign-debt crisis. To address severe financial and macroeconomic situation 

apparent in some of the member states (such as Greece, Portugal, Italy, Ireland and 

Spain), the ECB decided to launch the Security Markets Program (SMP) on 10 May 

2010, and the Outright Monetary Transactions (OMT) on 6 September 2012, which 

aimed at reducing credit spreads and restoring malfunctioning financial markets by the 

implementation of purchases of government debt from most infected member states 

(Lombardi et al. (2018)). As Dell´Ariccia et al. (2018) point out, since 2013 the ECB has 

started to implement the UMP tools in a more “conventional” manner (in compliance 

with section 1), characterised by the implementation of forward guidance - on 4 July   

Figure 2.5: Composition of ECB´s Assets, 1999-2018 

 

 

 

 

 

 

                                                                                                                                                                                                           

 

Source: The European Central Bank. 
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2013, the President of the ECB Mario Draghi announced that “the Governing Council 

expects the key ECB interest rates to remain at present or lower levels for an extended 

period of time” (ibid.), quantitative easing - in January 2015 the ECB launched the 

Expanded Asset Purchase Programme (EAPP)20, which can be considered as a first QE 

programme characterised by large-scale asset purchases21 (indeed, a sharp increase in 

securities of euro area residents denominated in euro between 2015-2018 might be 

seen in Figure 2.5), negative interest rate policy – in June 2014 the European central 

bank decided to set the rate on the deposit facility to -0.1% (as it might be seen in 

Figure 1.3, not to be confused with the MRO rate in Figure 2.4 which was set to 0.15% 

in the same time period) and credit easing – first signs of credit easing are connected 

with the introduction of LTRO which were later enforced by the targeted longer-term 

refinancing operations (TLTRO) designed to provide financing to credit institutions for 

an enhanced period of four years. On 13 December 2018, the European Central Bank 

decided to cease net asset purchases under its Asset Purchase Programme (APP)22 with 

an intention to launch its reinvestment strategy programme whereby the principal 

payments from maturing securities obtained in the course of the APP would be 

gradually reinvested. With respect to the MRO rate, at the same time the ECB 

announced that it “expects the key ECB interest rates to remain at their present levels 

at least through the summer of 2019” (the European Central Bank). 

The strategy implemented by the Bank of England (BoE) shares some common 

characteristics with the Bank of Japan and the Federal Reserve. In a similar fashion, the 

BoE decided to drastically cut its policy rate (denoted as the Bank Rate) to 0.5 per cent 

in March 2009 from its 5 per cent rate prevalent at the beginning of October 2008 (as 

it might be seen in Figure 2.3). Before launching its three-round asset purchase 

programme (QE1,QE2,QE3) through the Asset Purchase Facility (APF) established in 

January 2009, the BoE introduced the Special Liquidity Scheme (SLS) in April 2008 

                                                           
20

 As Dell´Ariccia et al. (2018) discuss, a relatively late implementation of quantitative easing in the euro 
area in form observed in Japan or the United States was not incidental. In fact, the introduction of QE 
was largely impeded by various hesitations related to QE´s legality and feasibility connected with euro 
area legal system.   
21

 As it was discussed at the beginning of subsection 2.2, quantitative easing per se was implemented 
already in 2010 in form of Security Markets Program, but in a much lower extent and acting as a 
substitute to conventional monetary policy measures. 
22

 The APP consists of ECB purchases of both private sector and public sector securities.  
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which was designed to aid the banking sector by substituting illiquid and riskier assets 

held by banks with more liquid UK Treasury bills provided by the BoE, while sterilising 

the amount of illiquid assets flowing into BoE´s balance sheet (Joyce et al. (2011) and 

John et al. (2012)). This approach resembles the steps implemented by the Federal 

Reserve before the collapse of Lehman Brothers and therefore fits well the concept of  

Figure 2.6: BoE´s Policy Rate (the Bank Rate), 2000-2019      

   

     

 

 

                                                                                                                                                                                              

Source: Author. Based on the data provided by the BoE. 

Figure 2.7: Composition of BoE´s Assets, 2007-201623      

 

 

 

 

 

 

Source: Borio & Zabai (2016). Based on the data provided by Datastream.  

                                                           
23 Red line represents total assets and black line total assets to GDP. As Borio & Zabai (2016) 
denote, “Other assets” include “US dollar liquidity auctions and loans to the Bank of England 
Asset Purchase Facility Fund up to 24 Sept 2014 and foreign currency reserve assets and loans 
to the Bank of England Asset Purchase Facility Fund thereafter” (Borio & Zabai (2016)).  
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qualitative easing (at least until the introduction of the QE1) built in the first section. 

With regard to quantitative easing, the BoE´s three-round asset purchase programme 

from 2009 to 201224 which consisted of UK government securities25 (almost 

exclusively) and to much lower extent of private assets (as in the case of Japan), was 

again reassumed in 2016 with a fourth round of large-scale asset purchases denoted as 

QE4 (as it might be seen in Figure 2.7, the LSAP were ceased in March 2013). The QE4 

made part of the Term Funding Scheme (TFS) launched in August 2016 which aimed at 

further monetary easing (the Bank Rate was cut to 0.25 per cent26) in order to arrive at 

2% inflation target (Nardi et al. (2018)). From September 2016 to September 2017, the 

total assets of the Bank of England rose from 449882 sterling million to 567206 sterling 

million (the Bank of England). Currently, according to the report of the Monetary Policy 

Commitee27 (MPC) from 20 March 2019, the MPC voted to preserve the amount of 

gilts purchased at £435 billion and to maintain the Bank Rate at 0.75 per cent. As MPC 

affirms, the future path of monetary policy in following months will be certainly 

affected by the very actual issue of Brexit (with regard to its precise timing and 

characteristic), however, despite of the final form of Brexit, the Bank of England (as the 

MPC ensures) will pursue its monetary policies in compliance with its 2% inflation 

target (the Bank of England).     

2.3 The United States 

  Followed by the implementation of qualitative easing during 2008-2009 

discussed in subsection 1.2, the Federal Reserve System (Fed) decided to launch a 

series of large-scale asset purchase programmes (QEI,QEII,QEIII) designed to address 

the most relevant problems with respect to the stage of the global financial crisis. 

Therefore, the first round of LSAP implemented between 2009-2010 was, among other 

things, dedicated to the restoration of the US housing market which was severely hit 

by the first stage of the crisis. This is partially reflected in the nature of the assets 

purchased by the Fed such as the mortgage-backed securities, government-sponsored  
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 The extent of BoE´s three-round asset purchases is depicted in Figure 2.7. 
25

 The UK government securities are often denoted as gilts. 
26

 The Bank of England contrary to the Federal Reserve, the Bank of Japan and the European Central 
Bank did not push its policy rate below 0.25 per cent as it is depicted in Figure 2.6. 
27

 The Monetary Policy Committee decides on the monetary policy implemented by the Bank of England. 
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Figure 2.8: Composition of Fed´s Assets, 2007-2019 

 

 

 

 

 

 

Source: Federal Reserve Bank of Cleveland.  

Figure 2.9: Effective Federal Funds Rate, 2005-201928 

 

 

 

 

 

 

Source: Author. Based on the data provided by Fred.  

enterprise (GSE) debt and long-term Treasury securities. The second round of 

quantitative easing (November 2010 - June 2011) mostly stemmed from both domestic 

problems (the spillover of QE monetary expansion into US real economy proved 

insufficient) and international difficulties (such as the European sovereign debt crisis). 

Finally, the QEIII (September 2012 – October 2014) was implemented in response to  

                                                           
28

 The policy rate of the Federal Reserve System is called the federal funds rate (FFR). The effective 
federal funds rate (EFFR) is calculated as as a “volume-weighted median of overnight federal funds 
transactions reported in the FR 2420 Report of Selected Money Market Rates” (Federal Reserve Bank of 
St.Louis).  
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Fed´s concerns related to price stability and conditions in the labor market. Fostered 

by the state-contingent Odyssean forward guidance implemented both in its 

qualitative and quantitative form29, the third round of large-scale asset purchases 

largely consisted of agency mortgage-backed securities and US Treasuries (Labonte 

(2014) and Neely (2014)).30 At the end of October 2014, the Federal Reserve publicly 

announced the end of LSAP and a further pursuance of the “monetary policy 

normalisation” (Labonte (2019)) scheme31 with an emphasis on the outline of Fed exit 

strategy and the implementation of future steps necessary to return to normal 

(conventional) pre-crisis mode. Nevertheless, as Labonte (2019) underlines, such a   

Figure 2.10: Forecast Development of Federal Reserve SOMA Holdings, 2010-2025 

                                                                                                                                                                      

 

 

 

 

 

 

Source: Federal Reserve Bank of New York (2017). 

                                                           
29

 As Labonte (2014) explains, the implementation of forward guidance by the Federal Reserve during 
the global financial crisis has shown some signs of gradual progress. Rather than using vague and often 
misleading qualitative phrases such as “for some time”, “exceptionally low levels” and “for an extended 
period” (Labonte (2014)), the Fed decided to implement the calendar-based forward guidance (such as 
setting the Federal Funds Rate at “exceptionally low levels at least through mid 2015 ” (ibid.)) and the 
state-contingent mix of both qualitative and quantitative guidance (the announcement of the Fed to set 
the Federal Funds Rate at “exceptionally low levels at least as long as the unemployment rate remains 
above 6.5 per cent, contingent on low inflation” (ibid.)). 
30

 Compared to other central banks discussed in this section, the Fed has a considerably higher portion 
of mortgage-backed securities in its balance sheet which may be seen in Figure 2.8. 
31

 First serious discussions of the Federal Open Market Committee (FOMC) about Fed normalisation of 
balance sheet and exit strategy principles occurred already in February 2010 and May 2011, respectively 
(the Federal Reserve System). Nonetheless, the realisation of these plans was suspended by the 
implementation of QEII and QEIII. 
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scheme might prove extraordinarily challenging as the amount of Fed´s reserves has 

reached an unprecedented degree and as a result, any precipitous intervention in the 

balance sheet may have serious consequences on future macroeconomic conditions.32 

One of the key steps of monetary policy normalisation after 2014 includes the 

announcement of the FOMC from 16 December, 2015 where the Fed declares to 

increase its federal funds rate above its previous effective lower bound level (as it is 

depicted in Figure 2.9). Another, as Labonte (2019) points out, includes Fed´s 

commitment from 14 June 2017, to stop “rolling over securities as they mature” 

(Labonte (2019)) and thus creating space for planned reductions in Fed´s balance sheet 

– the forecast development of Fed SOMA33 holdings for upcoming years is depicted in 

Figure 2.10. With respect to this forecast, it is important to emphasise the break of red 

line in Figure 2.10 (which represents total SOMA holdings) in 2021, when the economic 

situation in the US is believed to “claim the comeback” of the LSAP (Federal Reserve 

Bank of New York (2017)). With regard to other unconventional monetary policy tools 

implemented by the Fed during the global financial crisis, it is worth mentioning the 

second round of qualitative easing denoted as Maturity Extension Program (MEP)34 

launched in September 2011 through which the Fed sold over $650 billion of short-

term Treasuries (with maturities of 3 years or less) from its balance sheet 

compensated by an equivalent amount of long-term Treasuries (with remaining 

maturities of 6 to 30 years) purchased (Labonte (2014) and Borio & Zabai (2016)). 

Furthermore, an important part of Fed´s toolkit mostly apparent at the start of the 

crisis lies in the implementation of credit easing programmes such as the Term Auction 

Facility (TAF) in December 2007 or Commercial Paper Funding Facility (CPFF) in 

October 2008, which hand in hand with the qualitative easing elaborated in subsection 

1.2 aimed at addressing liquidity and credit difficulties such as credit crunch or the 

                                                           
32

 One of such impetuous intervention would include the decision of the Federal Reserve to shrink its 
balance sheet by means of quick and extensive sales of assets acquired during the LSAP. However, as 
Labonte (2019) points out, such decision would most likely induce market volatility as the Fed by that 
time owned the majority of both US Treasury securities and mortgage-backed securities.  
33

 The abbreviation “Fed SOMA” stands for the Federal Reserve System Open Market Account which is 
composed of assets obtained by the means of operations in the open market and denominated in 
dollars and also of Fed foreign currency reserves. The SOMA transactions are executed by the New York 
Fed (Federal Reserve Bank of New York).   
34

 The Maturity Extension Program is commonly referred to as “Operation Twist”. 
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unwillingness of banks to borrow money at the discount window35 because of 

concerns connected with the possibility that their unfavourable financial situation 

could be thus revealed to their clients (Adrian et al. (2011)). Currently (with regard to 

the meeting of the Federal Open Market Committee on 20 March, 2019), the FOMC 

decided to set the target range for the federal funds rate at 2.25-2.5 per cent. At the 

same time, the FOMC issued the Balance Sheet Normalization Principles and Plans 

(BSNPP) where it provides details on further reductions in Fed´s balance sheet which 

will be ceased, as the FOMC claims, at the end of September 2019 (the Federal Reserve 

System).   

To summarise, this section has presented four different stories of 

unconventional monetary policy implementation in Japan, the Eurozone, the United 

Kingdom and the United States. Key observations regarding the strategies 

implemented by these countries include BoJ´s time-inconsistent strategy in August 

2000, the massive quantitative easing by the Bank of Japan during Abenomics, the late 

implementation of quantitative easing in the Eurozone, the return to quantitative 

easing by the Bank of England in 2016 and finally, the monetary policy normalisation 

implemented by the Federal Reserve System from October 2014 until now. Despite the 

differences in the unconventional monetary policy tools applied in the course of the 

global financial crisis, these four countries share one thing  – the implementation of 

large-scale asset purchases. In fact, it is exactly the question of LSAP and their 

efficiency which will be addressed in the last section.        

                 

 

 

 

                                                           
35

 The term “discount window” is generally used to make a reference to Fed´s lending programs. The 
extent of the discount window during the global financial crisis is depicted in Figure 2.8 under the 
term“Lending to Financial Institutions”. 
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3. Efficiency of UMP Tools 

The assessment of the efficiency of unconventional monetary policy tools is a 

very complex task. Therefore, we decided to limit our discussion to three main 

subsections. The first one is designed to briefly mention various econometric models 

commonly used to address the issue of the efficiency of UMP tools36. The second 

subsection specifies our own model which we use in order to examine the impact of 

large-scale asset purchases on output and consumer price index, and it describes the 

data implemented. The last subsection serves as a channel between this section and 

the second section. Its main goal is to visualise the results obtained both from the 

benchmark model and from its different extensions and to discuss whether these 

results are in compliance with both recent and past findings on this topic.   

3.1 Literature Review 

Recently, there has been an extensive array of mostly econometric papers 

which have aimed to analyse the efficiency of various unconventional monetary policy 

tools implemented during the global financial crisis. An exhaustive list of such papers is 

presented by various authors including Borio & Zabai (2016), Dell´Ariccia et al. (2018) 

and Michaelis & Watzka (2014). Here we present a couple of them with respect to the 

following rule – in the first place, we mention econometric models which differ from 

our approach employed in the second subsection, in the second place we present the 

literature review on the econometric model we use in our own analysis. 

First econometric model which is commonly used to find answers to this 

problematics is Dynamic Stochastic General Equilibrium (DSGE) model pioneered by 

the work of Kydland and Prescott in 1982 (Slanicay (2014)). With regard to its use as an 

instrument to analyse the impacts of UMP tools, it is worth mentioning the paper of 

Cahn et al. (2014) who inspect the macroeconomic effects of the implementation of 

longer-term refinancing operations (LTRO) which were introduced by the ECB at the 

                                                           
36

 Throughout the whole third section we will focus exclusively on the efficiency of unconventional 
balance sheet policies (in particular on QE and LSAP) leaving the efficiency of forward guidance and 
negative interest rate policy for further discussion.   
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very first stage of the global financial crisis. By using DSGE model with a frictional 

banking sector, the authors find a significant stimulative effect of LTRO on various 

macroeconomic variables which is further strengthened provided that the 

conventional monetary policy is restricted not to react to the stimulative effects 

brought by LTRO (as it was discussed in the previous section, the unconventional 

monetary policy in the Eurozone acted at the early years of the financial crisis - and 

technically for the most part of it - as a supplement to conventional monetary policy 

tools). Remaining in the Eurozone, Cova et al. (2015) examine both the domestic 

effects and the spillover effects of the Expanded Asset Purchase Programme (EAPP)37 

launched in January 2015, using a multi-country DSGE model including both the 

Eurozone and other countries (China, Japan, the US and the rest of the world38). The 

authors report a positive stimulative effect of EAPP on the Eurozone macroeconomic 

variables which is represented by around 1.4 per cent increase in GDP and around 0.8 

per cent increase in inflation. The spillovers of EAPP into the rest of the world are also 

expansionary but account only for around 12 per cent of Eurozone´s GDP expansion 

provided by EAPP. To conclude, Mouabbi & Sahuc (2016) implement the medium-scale 

DSGE model with a shadow rate replacing the policy rate and use the counterfactual 

analysis to investigate the effects of UMP tools in the Eurozone during 2008-2016. 

They find a positive effect of UMP tools which is reported as the loss which the 

economy of the Eurozone would have incurred without the implementation of 

unconventional monetary policy tools. In terms of year-on-year differentials over the 

years 2014-2016, this loss corresponds to an average decrease in GDP growth of 

around 0.5 per cent and an average decrease in inflation of around 0.3 per cent with 

respect to their actual levels in years 2014-2016 (Mouabbi & Sahuc (2016)). 

Second econometric model which appears frequently in the discussions about 

the efficiency of UMP tools is the Shadow Rate Term Structure Model (SRTSM) which 

was first proposed by Fischer Black in his work in 1995 (Pericoli & Taboga (2015)). 

Prominent authors which implement the SRTSM into their analyses of either the 
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 The authors decided to apply the abbreviation “APP” for the Expanded Asset Purchase Programme 
which coincides with our notation of Asset Purchase Programme launched by the ECB in December 
2018. Therefore, we will apply the abbreviation “EAPP” which is in line with the notation used in the 
second section. 
38

 Here the rest of the world (RW) represents the main trading partners of the Eurozone. 
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efficiency of UMP tools as such or more generally into the efficiency of monetary 

policy constrained by either the zero lower bound or the effective lower bound include 

Wu & Xia (2015) who replace the effective federal funds rate with their proposed form 

of shadow rate. As they argue, the shadow rate expands the analysis of the previous 

models with the EFFR into the ZLB environment and thus makes the models which 

study the impacts of the EFFR during the global financial crisis more tractable. 

Furthermore, the authors find a reduction in unemployment rate in 2013 by 0.13 per 

cent due to the implementation of UMP tools in 2009. Wu & Xia further expand their 

analysis with the paper published in 2018 where they examine the efficiency of NIRP 

which was implemented by the ECB in June 2014 on the deposit facility. Given the 

nature of the negative interest rate policy, the authors replace their SRTSM proposed 

in 2014 with a new model which accounts for a time-varying lower bound on interest 

rates (Wu & Xia (2018)). Last two examples of the implementation of SRTSM include 

the paper of Lemke & Vladu (2015) who use the SRTSM to analyse the dynamics of the 

yield curve in the Eurozone in two separate periods, during 1999-2011 and during 

2011-2014, and the paper of Kortela (2016) who, similarly to Wu & Xia (2018), expands 

the SRTSM with a time-varying lower bound on interest rates which as Kortela claims, 

represents a more appropriate fit than a constant lower bound with respect to the 

euro area data.  

Third and at the same time last econometric model which we will mention in 

this subsection is the vector autoregression (VAR) model. As the papers of Borio & 

Zabai (2016) and Dell´Ariccia et al. (2018) indicate, the VAR model is a very popular 

tool how to address the efficiency of UMP tools. Since the attention of our own VAR 

model is paid to the impact of LSAP on output and consumer price index, here we will 

mention the papers which are most closely related to this problematics. They include 

the paper of Peersman et al. (2012) who use panel VAR applied on 8 countries (the US, 

the UK, the Eurozone, Japan, Canada, Switzerland, Sweden and Norway) to examine 

the effects of UMP tools with a sample period of 2008-2011. Applying the mean group 

estimator over the whole sample period, the authors present two main conclusions – a 

positive shock in the balance sheet causes a temporary significant increase in output 

and consumer price index and the results obtained for individual countries imply a 
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relative concordance between the effects of UMP tools across the selected countries 

in spite of different unconventional monetary strategies implemented (Peersman et al. 

(2012)). Peersman further expands his focus on the effects of UMP tools to the 

Eurozone in the Peersman et al. (2014), where the authors use the structural VAR with 

a mixture of zero and sign restrictions as their identification method. They find a 

positive effect of UMP shock on output and prices and more importantly, they argue 

that a positive effect on output is further strengthened in those countries of Eurozone 

which show  higher level of capitalisation of the banking sector. Finally, Schenkelberg 

& Watzka (2011) use Bayesian vector autoregression (BVAR) with sign restrictions as 

their identification method to examine the effects of QE on Japanese economy. They 

report a temporary significant positive effect of QE shock on output and a seemingly 

permanent significant positive effect on consumer price index. However, as the 

authors underline, the results also show an insufficient increase in inflation necessary 

to overcome the long-lasting deflation afflicting Japanese economy. The vector 

autoregression estimated using Bayesian methods is of our particular interest provided 

that this model creates a cornerstone of our analysis which we will specify in the 

following subsection.             

3.2 Model Specification and Data 

The papers of Peersman et al. (2012) and Schenkelberg & Watzka (2011) 

presented in the previous subsection do not contain the data of the period after 2013 

which is characterised by another series of large-scale asset purchases and thus should 

not be disregarded in the current analysis of the efficiency of LSAP on output and 

prices (important milestones after 2013 include the period of Abenomics in Japan, the 

implementation of EAPP in 2015 and the launch of TFS by the BoE in 2016 as it was 

discussed in section 2). We try to fill this gap by enlarging our sample period up to 

2018. With regard to the specification of our benchmark model, we estimate the 

reduced form VAR model of the form  

Yt  = A(L)Yt-1 + ut 
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where Yt is the vector of endogenous variables, A(L) represents a matrix polynomial in 

the lag operator L and ut  is the vector of error terms. In the benchmark model our 

vector of endogenous variables contains 4 variables – the log of GDP, the log of not 

seasonally adjusted CPI, the log of total assets and the level of implied stock market 

volatility. Our VAR model is estimated using Bayesian methods with a flat Normal 

inverted-Wishart prior applied on monthly data ranging from 2008-2018. The 

estimation is then reproduced for all 4 countries which appear in our discussion from 

section 2 – i.e. Japan, the Eurozone, the UK and the US. For the specification of our 

LSAP shock we use Uhlig´s rejection method with the sign restrictions where we bind 

total assets not to decrease following the shock and stockvolatility not to increase 

following the shock with a binding period set to 12 months, both the GDP and the CPI 

are left unrestricted. Based on the Akaike information criterion (AIC), the lags of the 

endogenous variables are set for each country individually and for the baseline model 

are denoted as the amount of lags “recommended”. The whole model (along with its 

various extensions introduced in the last subsection) is estimated using the VARsignR 

package invented and published by Christian Danne (Danne (2015)).  

 Before we move to the discussion of the results, one important observation 

has to be made. The visual inspection of our stochastic processes for the Eurozone 

depicted in Figure 3.1 (this applies for the remaining countries as well) implies the non-

stationarity of 3 out of 4 of our endogenous variables – the GDP, the CPI and the total 

assets39. At this point, we should consider if the structural vector error correction 

(SVEC) model would represent a more appropriate method how to deliver the problem 

of non-stationarity than a VAR does. However, for the SVEC to be implemented, we 

first need to check whether a cointegration exists among our variables. For this 

purpose we apply Johansen´s trace test on the Eurozone data. The results are 

displayed in Table 3.1 from which we can conclude that the null hypothesis of no 

cointegration cannot be rejected even on 10 per cent significance level. These results 

are robust to Johansen´s maximum eigenvalue test and apply for Japan as well. 

Nevertheless, the story is a bit different for the UK and the US. In the case of the 

United Kingdom we can reject the null hypothesis of no cointegration on 10 per cent  

                                                           
39

 Our suspicion is further confirmed by the application of ADF test. 



35 
 

Figure 3.1: Visualisation of Stochastic Processes for the Eurozone  

 

 

 

     

   

 

 

Source: Author. Based on the data provided by OECD and Fred.       

Table 3.1: Johansen´s Trace Test and Maximum Eigenvalue Test for the Eurozone  

 

Trace test 
Maximum 

eigenvalue test 
 

10 pct 5 pct 1 pct 

r <= 2 0.01 0.01 6.50/6.50 8.18/8.18 11.65/11.65 

r <= 1 4.11 4.10 15.66/12.91 17.95/14.90 23.52/19.19 

r = 0 21.17 17.05 
 

28.71/18.90 31.52/21.07 37.22/25.75 

                                                                                                                                                                                                                                                                                                                                                                                             
Source: Author.    Note: The critical values are reported for trace test as first. 

significance level with regard to Johansen´s trace test and even on 5 per cent 

significance level with regard to Johansen´s maximum eigenvalue test. With respect to 

the United States, we can reject the null hypothesis on 5 per cent significance level 

using Johansen´s trace test and on 10 per cent significance level using Johansen´s 

maximum eigenvalue test. The results of both tests are summarised in Table 3.2 and 

Table 3.3, respectively. When reporting the results from Johansen´s tests, we have to  
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Table 3.2: Johansen´s Trace Test and Maximum Eigenvalue Test for the UK 

 

Source: Author.    Note: The critical values are reported for trace test as first. 

Table 3.3: Johansen´s Trace Test and Maximum Eigenvalue Test for the United States  

 

Trace test 

 
Maximum 

eigenvalue test 
10 pct 5 pct 1 pct 

r <= 2 1.02 1.02 6.50/6.50 8.18/8.18 11.65/11.65 

r <= 1 11.08 10.06 15.66/12.91 17.95/14.90 23.52/19.19 

r = 0 31.83 20.74 28.71/18.90 31.52/21.07 37.22/25.75 

 

Source: Author.    Note: The critical values are reported for trace test as first. 

be aware of one very important observation – the results are sensitive to number of 

lags of the endogenous variables which might be seen in Table 3.4 (as we mentioned 

earlier, we use AIC to determine the optimal number of lags). Keeping this in mind, we 

could in theory apply SVEC on the UK and the US and BVAR on the Eurozone and 

Japan. However, we decided to use same model (BVAR) for all four countries. Now the 

crucial question arises – should we apply p-th difference on non-stationary stochastic 

processes integrated of order p to make them stationary? As Sims et al. (1990) argue, 

the main aim of VAR is to determine the interrelationships among the variables and 

 

Trace test 

 
Maximum 

eigenvalue test 
10 pct 5 pct 1 pct 

r <= 2 1.99 1.99 6.50/6.50 8.18/8.18 11.65/11.65 

r <= 1 8.64 6.65 15.66/12.91 17.95/14.90 23.52/19.19 

r = 0 30.40 21.76 28.71/18.90 31.52/21.07 37.22/25.75 
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thus any form of differencing may have adverse effects as it gets rid of a part of  

information about the movements of the chosen variables which may consequently 

hinder VAR´s forecasting power. Zapata & Garcia (1990) examine the forecasting 

performance of various econometric models in the presence of non-stationary 

stochastic processes. As they report, Bayesian VAR in levels provides a relatively 

accurate results even in a non-stationary environment where the classical VAR 

performs rather poorly. Hence, our preference of Bayesian VAR in levels is motivated 

by a nice compromise between relatively lower detrimental effects associated with the 

use of non-stationary stochastic processes and advantage of maintaining the 

information about the movements of our variables which would be otherwise 

disrupted by the application of p-th difference. With respect to the remaining 

elements of our benchmark model mentioned shortly at the beginning of this 

subsection, we want to make the following remarks – the choice of our endogenous 

variables is inspired by the paper of Peersman et al. (2012), the specification of the 

identification of our LSAP shock is inspired by Schenkelberg & Watzka (2011) and it is 

in compliance with Peersman et al. (2012) and a more detailed information about our 

data including descriptive statistics is included in Table 3.5 and Table 3.6, respectively.            

Table 3.4: Johansen´s Trace Test for the US using Different Amount of Lags  

 

Source: Author.    Note: For a lower amount of lags than recommended (9), the null hypothesis   

of no cointegration is each time strongly rejected even on the lowest significance level.  

 

9 lags 7 lags 5 lags 3 lags 10 pct 5 pct 1 pct 

r <= 2 1.02 0.98 2.69 2.47 6.50 8.18 11.65 

r <= 1 11.08 11.37 13.55 14.27 15.66 17.95 23.52 

r = 0 31.83 46.33 41.84 45.52 28.71 31.52 37.22 
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Table 3.5: Data Specification  

 

Source: Author. 

                                                           
40

 Peersman et al. (2012) use Chow-Lin interpolation with industrial production and retail sales as 
reference series. Based on our computations, we were not satisfied with the results provided by Chow-
Lin interpolation, which we explain by a low correlation between GDP and reference series (especially 
for the Eurozone). Therefore, we decided to apply Denton-Cholette interpolation method with regard to 
Sax & Steiner (2013) who argue that Denton-Cholette is an appropriate method when the low frequency 
series (in our case GDP) and high frequency series (in our case retail sales) are not much correlated.    
41

 Starting 24 September 2014, the BoE has changed its strategy with regard to the way it reports total 
assets in its balance sheet. Since then, the Bank of England publishes the “Weekly Report” which 
discloses about 90 per cent of its total assets which is completed with a delay with exact quarterly 
balance sheet data (the BoE). Taking this into consideration, 28 out of 121 observations had to be 
approximated with respect to the data available in Weekly Report and the exact quarterly reported data 
by the BoE from March 2014 to September 2017.  

 Period Frequency Logarithm Source Note 

GDP 2008-2018 monthly YES OECD 

Measured in million 
US dollars at current 
prices and PPPs, 
monthly data were 
obtained using 
Denton-Cholette 
interpolation using 
retail sales as 
reference series.

40
 

CPI 2008-2018 monthly YES Fred 

CPI is not seasonally 
adjusted and uses 
index 2015=100. 

Total Assets 2008-2018 monthly YES 
Fred, the 

BoE41 

Total assets are not 
seasonally adjusted 
and are reported for 
all countries in 
million US dollars. 

Level of 
Implied 
Stock 

Market 
Volatility 

2008-2018 monthly NO 

Stoxx, 
MMDS, 

Investing 
.com, Fred 

In order to report the 
level of implied stock 
market volatility, we 
use the indices which 
are characteristic for 
each country 
separately. They 
include VSTOXX for 
the Eurozone, VXJ for 
Japan, VFTSE for the 
United Kingdom and 
VIX for the Unites 
States.  
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Table 3.6: Data Descriptive Statistics  

 Country Mean 

 
Standard 
Deviation 

Min Max 

GDP 

Japan 26.72 0.07626 26.58 26.85 

Eurozone 27.72 0.08750 27.60 27.90 

UK 26.06 0.104004 25.90 26.25 

US 27.96 0.102798 27.78 28.14 

CPI 

Japan 4.586 0.01749 4.561 4.618 

Eurozone 4.577 0.03851 4.498 4.632 

UK 4.559 0.06066 4.432 4.654 

US 4.572 0.04617 4.485 4.650 

Total Assets 

Japan 28.37 0.46569 27.58 29.19 

Eurozone 28.75 0.22689 28.31 29.33 

UK 26.92 0.37921 25.89 27.42 

US 28.73 0.44108 27.51 29.14 

Level of 
Implied Stock 

Market 
Volatility 

Japan 25.99 10.58669 13.80 96.69 

Eurozone 24.58 8.34455 11.99 60.68 

UK 19.31 7.880951 9.55 54.15 

US 20.15 9.250581 9.51 59.89 

 

Source: Author. 

3.3 Results and Discussion 

The results of our BVAR benchmark model are reported by means of impulse 

response functions (IRFS) with 68 per cent error bands which are created using Markov 

Chain Monte Carlo (MCMC) method with 1000 MCMC sampling replications (draws) 

from which 10000 successful (i.e. which meet the sign restrictions) are kept. To 

examine the robustness of our benchmark results, 4 variations to our model are 

considered - application of Uhlig penalty function, replacement of total assets by 

monetary base (data descriptive statistics for monetary base is reported in Table 3.8), 

application of Choleski decomposition method and alteration of amount of lags of 

endogenous variables (the IRFS for the benchmark results and the results of 

benchmark model´s extensions are reported in the Appendix section and summarised 

in Table 3.7). Based on the benchmark results depicted by the IRFS, we may see that a 

QE shock has a positive effect on GDP in all 4 countries which is, however, significant 

only for the US and the UK, whereas for the Eurozone and Japan the effect is  
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Table 3.7: Results of Benchmark Model and its Extensions  

Country 

Amount 
of Lags 

(R) 

Amount 
of Lags 

(A) 

Binding 
Period 

of Shock 

Benchmark 
Results 

Results of Model´s 
Extensions 

Japan 3 6 
12 

months 

GDP positive IS 
during first 48 
months, thereafter 
positive and slightly 
S with a peak of 
0.5%; CPI negative 
IS during first 10 
months then during 
20 months positive 
IS and thereafter 
positive and S with 
a peak of 0.1%; 
total assets positive 
S and stock 
volatility negative 
S. 

Results of the benchmark 
model relatively robust to Uhlig 
penalty function (but GDP 
positive IS) and addition of 
monetary base, not robust to 
Choleski decomposition 
method – GDP negative IS for 
first 4 months then negative 
slightly S for 6 months then 
negative IS for 20 months, 
thereafter positive IS, CPI 
positive IS, total assets reach 
about 3 times higher peak and 
stock volatility positive S for 
first 5 months and negative 
S thereafter; benchmark results  
relatively robust to alternative 
case of 6 lags – GDP starts to be 
positive S after first 10 months, 
the positive S effect of GDP is 
also found in Uhlig penalty 
function between 20th and 
50th month; alternative 
amount of lags does not change 
distinctively the results of 
Choleski decomposition 
method.     

Eurozone 7 3 
12 

months 

GDP positive S first 
16 months, 
thereafter positive 
IS with a peak of 
0.3%; CPI positive IS 
with a peak of 
0.09%; total assets 
positive S for first 
19 months then 
positive IS for 8 
months then 
negative IS for 11 
months and then 
positive IS 
thereafter; 
stockvolatility 
negative S for first 
18 months then 

Results of the benchmark 
model relatively robust to Uhlig 
penalty function and addition 
of monetary base showing 
some  minor differences – in 
the case of the addition of 
monetary base GDP positive 
S for an extended period of 23 
months with a higher peak of 
0.38%; benchmark results not 
robust to Choleski 
decomposition method – GDP 
negative S between 2th and 8 
th month and between 9th and 
13th month, thereafter 
negative IS; CPI negative IS, 
total assets reach about twice 
higher peak, stock volatility 
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negative IS for 12 
months and then 
positive IS 
thereafter. 

positive S during first 3 months, 
thereafter the effect is mixed 
IS; benchmark results not 
robust to alternative case of 3 
lags – GDP positive S from 10th 
month thereafter, CPI positive 
S from 4th month thereafter, 
total assets positive S and stock 
volatility negative S; the results 
of benchmark model with 
alternative 3 lags relatively 
robust to Uhlig penalty function 
with 3 lags and addition of 
monetary base and, 
surprisingly, to Choleski 
decomposition method with a 
difference that by using 
Choleski decomposition 
method the GDP and CPI 
become slightly insignificant.   

UK 6 3 
12 

months 

GDP and CPI both 
positive and S for a 
prevailing period of 
time (GDP S from 
5th month 
thereafter and CPI 
from 1st month 
thereafter) with 
peaks of 0.4% and 
0.14%, respectively; 
total assets positive 
S and stock 
volatility negative 
S. 

The results obtained from the 
benchmark model robust to 
Uhlig penalty function and 
relatively robust to addition of 
monetary base (monetary base 
is IS between 15th and 25th 
month, stock volatility is IS 
from 15th month thereafter); 
the results of the benchmark 
model robust to Choleski 
decomposition method only 
concerning the GDP, for other 
variables the results are 
different - the CPI negative S for 
first 8 month and negative IS 
thereafter, total assets for the 
most time slightly IS which 
holds also for stock volatility; 
using alternative 3 lags, the 
results of the benchmark model 
prove robust to the benchmark 
model with 6 lags and the 
results of 3 other model´s 
extensions are also relatively 
robust to the change in the 
amount of lags.  

US 9 6 and 3 
12 

months 

GDP positive 
S reaching a peak of 
0.55%, CPI positive 
S from 6th month 
thereafter reaching 
a peak of 0.23%, 
total assets positive 
S and stock 
volatility negative 
S. 

The results of the benchmark 
model prove robust to both 
Uhlig penalty function and 
addition of monetary base, the 
results not robust to Choleski 
decomposition method – GDP 
negative S for first 6 months 
then it becomes positive IS and 
negative IS for 3 months then  
positive S for 3 months and 
positive slightly IS thereafter, 
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Source: Author.    Note: (R) denotes recommended, (A) denotes alternative, S denotes 

significant, IS denotes insignificant and all the figures and months in the results part are 

reported approximately. 

Table 3.8: Data Descriptive Statistics for Monetary Base 

 

Source: Author.    Note: Data for monetary base were obtained from statistics reported by the 

BoJ, the ECB, the BoE and Fred. Data are reported in million USD and are in logarithm form. 

CPI is negative S for first 4 
months then positive IS 
thereafter, also total assets and 
stock volatility are for the most 
time IS with a mixture of 
positive and negative effects; in 
the case of alternative 6 lags, 
the GDP in the benchmark 
model becomes positive IS with 
a lower peak of 0.1 per cent, 
similar behaviour of GDP 
reported also for Uhlig penalty 
function and addition of 
monetary base, in the case of 
Choleski decomposition 
method the GDP becomes 
positive S from 9th month 
thereafter, for other 3 variables 
the change in lags to 6 lags has 
no distinct effect; in the case of 
alternative 3 lags, the story 
resembles the case of 6 lags 
with the exception of Uhlig 
penalty function where GDP 
becomes positive S from 5th 
month thereafter.    

 Country Mean 

 
Standard 
Deviation 

Min Max 

Monetary 
Base 

Japan 28.21 0.512931 27.41 29.09 

Eurozone 28.23 0.263852 27.83 28.97 

UK 26.74 0.484164 25.62 27.36 

US 28.60 0.445118 27.44 29.04 
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temporarily significant (the Eurozone) and temporarily slightly significant (Japan). With 

regard to CPI, the effect of the shock has a similar pattern as in the case of GDP for the 

US and the UK but with a lower peak, in the case of the Eurozone the effect is positive 

insignificant and for Japan the effect is mixed starting from a negative insignificant 

effect which is later transformed into a positive significant effect. In general, the 

results of the benchmark model prove relatively robust to both Uhlig penalty function 

and addition of monetary base (with some differences in the duration of significance) 

but are not robust to Choleski decomposition method where the results for some 

countries are rather contrary (especially for the Eurozone the effects on the GDP and 

CPI are negative temporarily significant at the beginning and later negative 

insignificant).42 With regard to the change in amount of lags of endogenous variables, 

the robustness varies across the countries – the results are relatively robust for Japan, 

robust for the UK and not robust for the US and the Eurozone (for details please 

consult Table 3.7). 

 A similar approach used to address the effects of QE shock on GDP and CPI is 

found in Weale & Wieladek (2015) who use BVAR with zero and sign restrictions43 on 

data from 2009-2014 in order to examine the effects of LSAP in the UK and the US. 

Their vector of endogenous variables contains 5 variables – the announcement of asset 

purchases scaled by nominal GDP, real GDP and CPI both in logarithm form, the yield 

on the 10-year government bond and real equity prices in logarithm form (ibid.). Using 

the amount of 2 lags of endogenous variables, they find a positive significant effect on 

both GDP and CPI for both countries, where the peak for both variables is lower for the 

UK. In comparison to our benchmark results with an alternative case of 3 lags, the 

positive significant effect does not hold for the US where the effect on GDP is 

insignificant. Furthermore, the effects of both variables for the US are lower in our 

                                                           
42

 The difference between our benchmark model and standard Choleski decomposition method for 
shock identification is clearly visible in the effect of QE shock on stock volatility where, provided that it is 
not restricted by the negative sign restriction, starts as positive significant and later becomes negative 
(in)significant (or after being negative (in)significant it further returns to a positive insignificant position 
after several months) – this holds for all 4 countries.   
43

 Similarly to our approach, the response of output and price is left unrestricted in the sign 
identification setup, which is made intentionally to study whether these variables are truly affected by 
LSAP. 
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case, whereas for the UK we report a higher effect on GDP and a lower one on CPI.44 A 

very interesting approach to measure the dynamics of QE shocks with respect to 

different measurements implemented by the BoJ before and after the global financial 

crisis is offered by Michaelis & Watzka (2017) who use a time-varying parameter vector 

autoregression (TVP-VAR) estimated by Bayesian methods with sign restrictions for a 

sample period of 1996-2015. By focusing on three key periods of Japanese QE - namely 

on ZIRP during 1999-2000, the period of 2001-2006 and the period of Abenomics after 

2013 – the authors find a significant time-varying effect on prices which is even 

stronger during Abenomics and no significant positive response for GDP following a QE 

shock (which corresponds to one per cent increase in reserves). Taking into 

consideration that the authors use two lags of their endogenous variables, the results 

seem to fairly mirror our results with 3 lags with an exception of CPI which is significant 

only during the last 20 months. The peaks of their IRFS are very close to our findings 

for GDP reaching 0.5 per cent for ZIRP (the effect is a bit lower and less significant for 

2001-2006 and Abenomics), the peak for CPI is about twice bigger than our peak for 

ZIRP and more than twice bigger for 2001-2006 and Abenomics. The TVP-VAR model is 

also used by Gambetti & Musso (2017) who examine the macroeconomic effects of 

ECB´s Expanded Asset Purchase Programme (EAPP). By using a sample period of 2009-

2016 and 2 lags of their endogenous variables, the authors find a significant impact of 

EAPP on real GDP and Harmonised Index of Consumer Prices. Furthermore, they report 

a decreasing contribution of the EAPP shock on the real GDP over years 2015-2016, 

whereas their results indicate an opposite reaction of HICP to EAPP shock during the 

same period. With regard to our benchmark results using alternative 3 lags, they are in 

accordance with these findings concerning the significance of both GDP and CPI. 

Taking into consideration our peak effects, they are close for GDP but substantially 

lower for CPI.  

Given the results of our benchmark model and their comparison with other 

recent papers on this topic, it would be very tempting to make conclusions with  

                                                           
44

 Interestingly, our results for the US using 3 lags indicate a peak effect of 0.15 per cent for GDP 
(insignificant) and 0.15 per cent for CPI (significant) which is more than twice lower than Weale & 
Wieladek (2015) report. However, for the UK we report an almost twice bigger peak for the GDP than 
the authors do. This may indicate a lower effect of QE shock in time for the US and higher for the UK (at 
least concerning GDP, for CPI we report an almost 3 times lower effect).  
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Figure 3.2: Effects of QE Shock on CPI for Japan using Different Binding Periods 

 

 

 

 

 

 

 

 

 

Source: Author.    Note: The IRFS for Japan are based on the benchmark results.  

respect to the discussion employed in the second section – more specifically speaking, 

the insignificance of LSAP shock to CPI and for a major part also to GDP for the 

Eurozone could be attributable to a late implementation of LSAP and little experience 

of the ECB with QE in general, the insignificance of LSAP shock to Japanese GDP and 

the temporary significance to Japanese CPI could be interpreted by two different 

stories of Kuroda´s QQE success (on one hand a positive effect on the inflation but on 

the other hand a subdued effect on GDP as underlined by Yoshino et al. (2017)) and 

finally, the significance of LSAP shock to both GDP and CPI for our two remaining 

countries with market-based systems (that is the UK and the US) could be explained by 

their better transmission of QE effects into real economy over the bank-based systems 

(i.e. Japan and the Eurozone). However, any interpretation of our results has to be 

considered with utmost care for at least three reasons. Firstly, the specification of our 

model is very simplified and does not account for possible spillover effects which are 

assessed by Neely (2014) and more recently by Curcuru et al. (2018). Moreover, as our 

model neither contains some relevant variables often used in both past and current 

literature on this topic (as shadow rates or a 10-year sovereign bond yield) nor is it 
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connected in any way with other UMP tools (such as NIRP or FG), it does not allow us 

to appropriately connect our results with a discussion about possible transmission 

channels (such as portfolio balance channel) through which the QE shock may be 

transmitted into real economy – such discussion for the Eurozone is offered by 

Gambetti & Musso (2017). Secondly, the identification of QE shock used in our model 

is challenged by Inoue & Kilian (2013) with regard to the use of sign restrictions. An 

alternative approach to a QE shock identification using a mixture of sign and zero 

restrictions may be found in Peersman et al. (2012). Nevertheless, this approach is 

sharply criticised by Elbourne & Ji (2019) who further enrich the discussion by claiming 

that the shock identification proposed by Peersman et al. (2012) is not suitable. The 

authors propose an alternative shock identification stemming from futures rates 

instead of total assets or, to the same extent criticised, shadow rates. Another rather 

technical lack of our model consists in the fact that it does not allow us to perform a 

comparison of QE shock effects in time, which would fit better our discussion 

employed in the second section. This problem might be fixed by the replacement of 

our BVAR model with TVP-VAR used by Michaelis & Watzka (2017) or Gambetti & 

Musso (2017). Thirdly, and most importantly, as we have already touched, our BVAR 

model (and this holds for VAR model in general) is sensitive to a series of parameters 

which are often chosen based on statistical tests (as the number of lags45) or economic 

reasoning (as the shock identification including the technique, appropriate selection of 

shock variable with regard to the nature of given problem, direction of sign restrictions 

and last but no least length of shock´s binding period – as we can see in Figure 3.2, in 

this particular case it is possible to extend the significance of shock´s effect by 

increasing the binding period). Therefore, as the VAR models might produce totally 

different or even contrary results based on parameters chosen, it is important to be 

                                                           
45

 Generally, the amount of lags of endogenous variables ranges between 2 and 4 in the literature about 
the effects of QE on output and prices. Except for Japan, the AIC recommended us a higher amount of 
lags – 6 for the UK, 7 for the Eurozone and even 9 for the US. Taking into consideration the differences 
of these recommendations with the literature and that we cannot base our lag selection on one specific 
criterion (not mentioning the loss of degrees of freedom), we decided to include the results also for an 
alternative amount of lags – which is usually lower – for each country (contrary to the literature on this 
topic where the authors very often claim the robustness of their lag selection to other “well known” lag 
selection criteria or the robustness of their results to various specification of the lag length, we find that 
AIC is not robust and for all 4 countries recommends much higher amount of lags than the alternative 
Hannan-Quinn criterion (HQC) and also the results of our benchmark model are not in general robust to 
different lag selection alternatives as it may be seen in Table 3.7.       
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more critical of the economic reasonings used by the authors to defend and underline 

the suitability of their model. That said, the striking majority of papers which find 

positive and significant effect of QE shock on output and prices and consequently use 

these findings to comment on QE efficiency produced both from the main promoters 

of QE (individual central banks46) or other authors shall be reassessed both 

economically and statistically to allow for a more balanced discussion as we can see in 

Elbourne & Ji (2019). We believe that this should be the main direction of future 

research.  

    To summarise, the last section has introduced 3 main models which are 

commonly used to assess the efficiency of unconventional monetary policy tools – 

Dynamic Stochastic General Equilibrium model, Shadow Rate Term Structure Model 

and vector autoregression model. Moreover, it has specified our BVAR model that we 

use to examine the effects of QE shock on output and CPI along with the results – we 

find more pronounced and significant results for the UK and the US and less significant 

for the Eurozone and Japan. Finally, it has offered a discussion toward the shortages of 

our model along with the recommendation for the direction of future research.            

  

            

 

 

 

 

 

 

 

                                                           
46

 With regard to a vast series of papers produced by central banks which find almost exlusively only 
positive results of QE, it is important to consider possible moral hazard on the side of such authors 
connected with a creation of “to make it work” models.   
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Conclusion 

This thesis examines the problematics of unconventional monetary policy tools 

with an increased focus on their description, implementation and efficiency. An 

updated review of both the classification and implementation of such tools is of a high 

importance as it helps the researchers to better forecast the direction of monetary 

policy of given central banks in the course of next decade. We provide such review in 

the first two sections by starting with a thorough description of unconventional 

monetary policy tools which includes their definitions and classification into balance 

sheet policies (quantitative easing, credit easing and qualitative easing) and supporting 

policies (forward guidance and negative interest rate policy) supplemented by a 

discussion about their benefits and perils. We further enrich this discussion by going 

through the terms which are used incorrectly in the current literature such as effective 

lower bound and by mentioning other concepts which are tightly connected with some 

of the unconventional monetary policy tools such as helicopter money or gradual 

limitations, taxation or complete replacement of paper currency.   

The description of unconventional monetary policy tools is then replaced in the 

second section where we present strategies of central banks of Japan, the Eurozone, 

the United Kingdom and the United States implemented during and after the global 

financial crisis (with an exception of Japan where we examine the period prior to the 

global financial crisis as well). As we discuss, the strategies of these four countries vary 

based on their financial system, impact of the global financial crisis and central bank´s 

priorities. Japan as the first country to implement quantitative easing in 2001 has 

relentlessly tried to get its inflation from negative levels to a 2 per cent inflation target 

since the introduction of the zero interest rate policy in February 1999. In fact, it has 

been exactly the fear of a prolonged deflation which has been leading the decisions of 

the Bank of Japan throughout its three waves of quantitative easing (during 2001-

2006, 2010-2013 and 2013 until now) and which continues to influence Japanese 

monetary policy even today. A rather different approach during the global financial 

crisis was adopted by the European Central Bank which used the unconventional 

monetary policy tools as a substitute (rather than a complement) to its conventional 
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monetary policy toolkit as it was not constrained by zero lower bound until September 

2014 when it set its policy rate to 0.05 %. Its implementation of quantitative easing as 

we know it from other 3 countries mentioned here was postponed until January 2015 

when the ECB launched the Expanded Asset Purchase Programme. The steps made by 

the Bank of England resemble the steps of the Federal Reserve during the global 

financial crisis. Nevertheless, after the crisis, contrary to the Fed, the BoE reassumed 

its quantitative easing programme by launching its fourth round of large-scale asset 

purchases in 2016. Finally, the Federal Reserve substantially decreased its policy rate 

and introduced its first round of quantitative easing supported by credit easing and 

forward guidance right after the start of the global financial crisis similarly to Japan and 

the UK. However, what remains a characteristic feature of Fed´s strategy with regard 

to other three mentioned countries is the abandonment of its quantitative easing 

programme at the end of October 2014 and the consequent start of the monetary 

policy normalisation scheme which lasts until today.  

To support the findings from the second section, in the last section we examine 

the effects of quantitative easing shock on GDP and CPI in aforementioned countries. 

To do so, we apply the Bayesian vector autoregression model using Uhlig´s rejection 

method with the sign restrictions for identification. By using GDP, CPI, total assets and 

level of implied stock market volatility as our vector of endogenous variables over a 

sample period of 2008-2018, we find positive significant effects of quantitative easing 

shock on both GDP and CPI in the United Kingdom and the United States. In Japan and 

the Eurozone the effects are in general less pronounced and significant and the effect 

of quantitative easing shock on CPI in the Eurozone is even insignificant. These results 

are in general robust to two of our model´s extensions which are the application of 

Uhlig penalty function and replacement of total assets by monetary base. The results 

are not robust to an alternative shock identification using standard Choleski 

decomposition method and are partially robust to different consideration of lags – in 

the case of Japan the results are relatively robust, for the UK they are robust and they 

are not robust for the US and the Eurozone. Coming back to the difference in the 

significance of our results for these two couples of countries, one of the possible 

explanations of less significant results for both Japan and the Eurozone might be, in 
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ceteris paribus, in different financial system of both countries in comparison to the UK 

and the US which may in turn influence both the ease and extent of the transition of 

this shock into real economy. However, to support or reject this hypothesis, we would 

have to to further analyse the transition mechanisms activated by the quantitative 

easing shock. Unfortunately, as our model is very simplified, it does not allow us to 

conduct such analysis appropriately. This is not the only lack of our model. Other 

drawbacks of our model include the absence of possible spillover effects, the 

impossibility of performing a comparison of QE shock effects in time and the sensitivity 

of our model to parameters chosen (as the amount of lags or shock´s binding period). 

The third drawback is of a particular importance as it is shared by all VAR models. Thus, 

the overwhelming majority of papers produced by individual central banks using VAR 

models and their alternatives that find almost exclusively positive and significant 

effects of unconventional monetary policy tools on both output and prices raise at best 

suspicion. Therefore, we suggest a careful reassessment of these papers as a possible 

direction of future research.                
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Appendix 

Figure A.1: Eurozone´s IRFs - recommended 7 lags   

a) BVAR with a flat Normal inverted-Wishart prior using Uhlig rejection method 

 

 

 

 

 

 

 

 

 

b) BVAR with a flat Normal inverted-Wishart prior using Uhlig penalty function method 
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c) BVAR with a flat Normal inverted-Wishart prior using Uhlig rejection method with monetary   

base 

 

 

 

 

 

 

 

 

 

 

 

 

d) BVAR with a flat Normal inverted-Wishart prior using Choleski decomposition method 

 

 

 

 

 

 

 

 

 

 

 

Source: Author. 
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Figure A.2: Eurozone´s IRFs – alternative case using 3 lags 

a) BVAR with a flat Normal inverted-Wishart prior using Uhlig rejection method 

 

 

 

 

 

 

 

 

 

 

 

 

b) BVAR with a flat Normal inverted-Wishart prior using Uhlig penalty function method 
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c) BVAR with a flat Normal inverted-Wishart prior using Uhlig rejection method with monetary   

base 

 

 

 

 

 

 

 

 

 

 

 

 

d) BVAR with a flat Normal inverted-Wishart prior using Choleski decomposition method 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Author 
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Figure A.3: Japan´s IRFs - recommended 3 lags   

a) BVAR with a flat Normal inverted-Wishart prior using Uhlig rejection method 

 

 

 

 

 

 

 

 

 

 

 

 

b) BVAR with a flat Normal inverted-Wishart prior using Uhlig penalty function method 
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c) BVAR with a flat Normal inverted-Wishart prior using Uhlig rejection method with monetary   

base 

 

 

 

 

 

 

 

 

 

 

 

 

d) BVAR with a flat Normal inverted-Wishart prior using Choleski decomposition method 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Author 
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Figure A.4: Japan´s IRFs – alternative case using 6 lags 

a) BVAR with a flat Normal inverted-Wishart prior using Uhlig rejection method 

 

 

 

 

 

 

 

 

 

 

 

 

b) BVAR with a flat Normal inverted-Wishart prior using Uhlig penalty function method 
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c) BVAR with a flat Normal inverted-Wishart prior using Uhlig rejection method with monetary   

base 

 

 

 

 

 

 

 

 

 

 

 

 

d) BVAR with a flat Normal inverted-Wishart prior using Choleski decomposition method 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Author 
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Figure A.5: UK´s IRFs - recommended 6 lags 

 a) BVAR with a flat Normal inverted-Wishart prior using Uhlig rejection method 

 

  

 

 

 

 

 

 

 

 

 

b) BVAR with a flat Normal inverted-Wishart prior using Uhlig penalty function method 
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c) BVAR with a flat Normal inverted-Wishart prior using Uhlig rejection method with monetary   

base 

 

 

 

 

 

 

 

 

 

 

 

 

d) BVAR with a flat Normal inverted-Wishart prior using Choleski decomposition method 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Author 
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Figure A.6: UK´s IRFs – alternative case using 3 lags 

a) BVAR with a flat Normal inverted-Wishart prior using Uhlig rejection method 

 

 

 

 

 

 

 

 

 

 

 

 

b) BVAR with a flat Normal inverted-Wishart prior using Uhlig penalty function method 
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c) BVAR with a flat Normal inverted-Wishart prior using Uhlig rejection method with monetary   

base 

 

 

 

 

 

 

 

 

 

 

 

 

d) BVAR with a flat Normal inverted-Wishart prior using Choleski decomposition method 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Author 
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Figure A.7: US´ IRFs - recommended 9 lags 

a) BVAR with a flat Normal inverted-Wishart prior using Uhlig rejection method 

 

 

 

 

 

 

 

 

 

 

 

 

b) BVAR with a flat Normal inverted-Wishart prior using Uhlig penalty function method 
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c) BVAR with a flat Normal inverted-Wishart prior using Uhlig rejection method with monetary   

base 

 

 

 

 

 

 

 

 

 

 

 

 

d) BVAR with a flat Normal inverted-Wishart prior using Choleski decomposition method 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Author 
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Figure A.8: US´ IRFs – alternative case using 6 lags 

a) BVAR with a flat Normal inverted-Wishart prior using Uhlig rejection method 

 

 

 

 

 

 

 

 

 

 

 

 

b) BVAR with a flat Normal inverted-Wishart prior using Uhlig penalty function method 
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c) BVAR with a flat Normal inverted-Wishart prior using Uhlig rejection method with monetary   

base 

 

 

 

 

 

 

 

 

 

 

 

 

d) BVAR with a flat Normal inverted-Wishart prior using Choleski decomposition method 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Author 
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Figure A.9: US´ IRFs – alternative case using 3 lags 

a) BVAR with a flat Normal inverted-Wishart prior using Uhlig rejection method 

 

 

 

 

 

 

 

 

 

 

 

 

b) BVAR with a flat Normal inverted-Wishart prior using Uhlig penalty function method 
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c) BVAR with a flat Normal inverted-Wishart prior using Uhlig rejection method with monetary   

base 

 

 

 

 

 

 

 

 

 

 

 

 

d) BVAR with a flat Normal inverted-Wishart prior using Choleski decomposition method 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Author 


