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Abstract 

As central banks roll out quantitative easing programs across the world, many financial assets are 

purchased not because they exhibit great value or are thought to increase in value, but because they 

need to be purchased for an inflationary target. This paper will deal with purchases done by central 

banks by focusing on the European Central Bank and their Asset Purchase Program. This paper will try to 

exploit the purchases and see if mispricing from the quantitative easing program is introduced to the 

economy. In order to do so, a great understanding of where and how the asset purchases occur must be 

had as well as of how the effects of the purchases distributes over the assets while maintaining a view of 

how the different assets are treated by all market participants. This paper tries to highlight the 

influential factors within assets in order to exploit only specific components of the assets.  

The first part of the paper deals with an investigation of the ECB’s quantitative easing program’s effect 

on Euro-zone government bond yields and expected inflation. This part seeks to uncover whether 

expected inflation throughout the sample period has had an effect on government bond yields. This will 

be done through the use of single factor OLS models. Afterwards, the process will consist of a 

methodical dissection of bond yields which are then analyzed before and during QE with respect to their 

separate yield components. The components will afterwards be analyzed as if, QE had ceased and 

combined to find so-called shadow yields. Findings vary between countries as the effect of QE is found 

to be significant both with respect government bond yields and expected inflation throughout the Euro-

zone. This is most significant in central EU-member countries including Germany, France and Italy as 

well as long maturity bond yields especially.   

 

In the second part of the paper the findings of the first part are used to develop a theoretical relative 

value strategy, which concludes into a hedged portfolio of specific government bonds. The findings 

uncover a significant mispricing of bonds, given the termination of QE. This presents an investment 

opportunity with an expected return of 10.664% with an additional annual yield component of 0.299%.  
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Introduction 

Motivation 

Quantitative easing programs are a relatively new term within the world of monetary systems, 

consisting of structured asset purchases conducted by central banks, with a lot of undocumented 

claimed effects and having several large asset class targets. These programs have the potential to distort 

the area of finance they concern. Especially in Europe, where the rates have hit a lower boundary, 

quantitative easing has been the source of action lately and as such, recently has gotten the support of 

the European Central Bank on a larger scale. This is mainly because the economic environments in the 

individual countries have called out for enhanced measures to try to stimulate economic landscapes 

across the European countries e.g. from the credit crises in Southern European countries in the early 

2010s. Because of the differences across the individual countries in Europe, however, the European 

Central Bank has assembled an advanced program consisting of more parts, with different asset class 

targets, within the bureaucratic restrictions that the European Central Bank resides in. From below, it 

can be seen when the different parts of the unconventional measures of quantitative easing have been 

introduced by the European Central Bank. Further, it can be seen how the relationship between inflation 

measured as HICP (harmonized indexed consumer prices) progresses over time. Sections concerning the 

names shown, will be elaborated on later.  

 

Figure 1: Quantitative easing and inflation 

Source: European Central Bank 
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This may or may not help stimulate the economy by reaching an appropriate level of HICP as targeted by 

the ECB. Likewise, it may or may not distort the same environment allowing for exploitation of the 

distorted asset prices, but one thing is certain, the effects have yet to be accounted for or even 

described extensively as the program is not concluded and all the effects thus have not been introduced 

to the economy. This thesis responds to the European Central Bank’s program by trying to describe and 

exploit the program as a whole but also in particular one of the major, individual parts of the asset 

purchase program, being the PSPP which is a part focused on government bonds. This thesis will then try 

to measure and estimate the magnitude of the opportunity found to exploit the purchases conducted by 

the ECB, and, if any opportunities are found, try to handle the opportunity correctly within the general 

scope of an investment with the different focuses of an investment in general in terms of managing 

exposures, funding the investment, hedging unwanted exposures etc. 

From the figure below, it can be seen how the different parts of the quantitative easing measures have 

collectively contributed to the balance sheet of the European Central Bank. It can clearly be seen (in 

yellow) how the PSPP, Public Sector Purchase Program, which focuses on mainly government bonds, has 

contributed the most.  

 

Figure 2: Balance sheet effects from QE 

Source: European Central Bank 
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It will also be described in more detail, how the asset purchases are transitioned into the economy and 

how to measure the effects, to create an overview of how the program works and from that, analyze 

how financial opportunities can arise which can be exploited. As a part of that, the thesis will also 

describe why the European Central Bank distributes the purchase amounts among the countries and the 

asset classes in the way that it does so, and how it specifically does so, especially regarding the 

individual countries’ national central banks.  

As the focus of this thesis is on government bonds and their development over the course of the time 

spanned from 2008, where the initial QE programs began, to late 2017. This thesis will focus on the 

relationship between the bonds and the program of the European Central Bank. It is noticeable that the 

government bonds of present time have low yields, especially among the more secure countries in 

Europe like Germany and France, which follows basic supply and demand theory from highlighting the 

ECB as a major buying party, which will push the price of the government bonds up and as such, the 

yields down. The same can be argued to have been seen in other QE programs in other countries around 

the world, which also will be described briefly. To briefly illustrate the consensus of this thesis, the 

below figure illustrates a 10-year government bond yield graphed together with benchmark rates and 

unconventional policy measures. 

 

Figure 3: Benchmark rates, GB and QE 

Source: European Central Bank 
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In order to investigate a possible opportunity, a proper knowledge of a government bonds is needed, 

and, more specifically, to know what drives changes in their prices. As such, this thesis will dismantle a 

government bond and look at the individual changes of the parts of it. An example of such a component 

is the inflation, which the bond’s pricing is clearly dependent upon as bonds enhance money value in 

exchange of risk while inflation dilutes money value. As a result, this thesis will also investigate 

relationships between the QE program and inflation and connect that with the relationship of the 

government bonds. 

After investigating the relationships, this thesis will include a formulation of an exact theoretical 

investment opportunity. As the investment opportunity will be based on the dissection of yield 

components previously mentioned, the investment opportunity will be hedged towards such 

components. Examples of components which it could be hedged against is credit risk of the countries 

and interest rate risk. This will be done through the use of a relative value strategy, which seeks to 

maximize profits with a low margin of riskiness by taking positions with different directions, within the 

same asset classes to exploit the price anomalies discovered. 

The final product will include exact asset sizes, a final portfolio return and hedged risk exposures as part 

of an investment opportunity which is set to resemble a likewise investment decision created for a 

professional financial management firm. Furthermore, discussion around the implementation and 

problems which may affect the final assembly of the portfolio will be discussed along with funding 

concerns for investments, both in terms of different transaction costs and liquidity needs. 

Delimitation 

Beyond the delimitations mentioned about the European Central Bank and their asset purchase 

program, further delimitations are needed to set the focus correctly for this thesis. 

First, in order to understand the European Central Bank’s quantitative easing program, it is important to 

understand the holistic objective of the program along with the restrictions faced by the ECB. It will as 

such be described to the full extend how these measures work and how they affect the economy. 

However, for investment purposes, it will be delimited to focusing only on government bonds. Further 

for investment purposes, the focus will remain on the actual investment itself and describe that as 

opposed to focusing on the implementation, which this thesis will not delve into due to its theoretical 

nature. It is thus assumed that investments can be made frictionless, which will be briefly mentioned in 

regards to the found results.  
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The investment will also have an initial view of time, meaning that this thesis will avoid looking into the 

convergence time of the investment. This is a critical aspect of the investment, but it will be assumed 

irrelevant because of the relationship between the quantitative easing program and government bonds, 

which simply states that yields are affected as long as the quantitative easing program is active. 

The time frame of the data tested will be delimited to the time between 2008 and to the time of writing 

this, being late 2017. The starting point of 2008 is chosen as it marks the time that quantitative easing 

was initiated within the European Union. Where relevant, introduction to additional quantitative easing 

programs around the world will be introduced as a background for choosing to pursue such measures 

within the European Union. However, further investigations into programs other than the European 

Central Bank’s program will fall outside the scope of this paper. 

Lastly, the reader is assumed to have basic knowledge of relevant financial terms and knowledge of 

financial theory. 

Further delimitation will be presented where relevant throughout the rest of the paper but will be based 

on the delimitations presented here.  

Thesis statement 

Based on the delimitations and motivation described so far, this paper sets out to explore the following: 

An investigation of the relevance of quantitative easing measures undertaken by the European Central 

Bank within the euro-denominated countries in the European Union on both inflation outlooks and 

government bonds and whether it is possible to exploit the quantitative easing program through an 

investment strategy? 

To answer the over-arching question, further sub-questions can be contextualized as the following: 

1. How has the Quantitative Easing program introduced by the European Central Bank affected the 

path towards their inflationary target? 

2. Given a focus on government bonds, how has the QE program affected them and are the effects 

consistent across the Euro-zone? 

3. Given inconsistency across the Euro-zone, is it possible to formulate an investment strategy 

which is realistic and profitable to exploit this? 

4. Given the possibility of an investment strategy, can further measures be taken to enhance the 

observed strategy? 
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The above questions will need the following sub-sections to be answered. 

a. European Central Bank’s quantitative easing review; How does the European Central Bank 

structure their quantitative easing measures and how does it affect the economy and further, 

how can one measure the effects? 

b. Financial theory review; What financial theory can be applied to extract only the relevant 

aspects of the data gathered? 

c. Data gathering; What data is needed to both provide quality assurance on the effects on the 

relationship between the quantitative easing program, inflation and government bonds and set 

up an investment strategy on the same relationship? 

d. Analysis part 1: Data relationship; How do the quantitative easing data, inflation data and 

government bond data move, what drives the movements, and can relationships be argued to 

exist with certainty? Can the individual parts of what drives movements in government bonds 

be dismantled and reassembled to identify opportunities? 

e. Analysis part 2: Formulating the investment opportunity; How can an investment opportunity 

be exploited and formulated by taken several aspects of it into account to make it as robust as 

possible? 

 

 

 

 

 

 

 

 

 



Page 12 of 149 
 

Theory  

In order to support the rationale behind the analysis and lay the foundation for the thesis, the following 

section of the paper will deal with relevant theory. This theory is predominantly concerned with the 

history, nature and mechanics of quantitative easing as well as yield components, term structure theory 

and risk measures in the form of interest rate and credit risk. Thus, this section will be split up into 

subsections covering different areas of theory relevant. As a whole this will subsequently provide the 

foundation for the subsequent analysis.  

Government Bonds  

Government bonds are debt securities issued by governments for the purpose of supporting 

government spending. Key components of government bonds include the respective maturity and 

coupon rate. Their prices are dependent on their coupon rates as these forms the relationship known as 

a yield. Market prices of bonds are usually quoted either by the price itself or in the form of a yield. 

Many investors prefer knowing yields, as it accounts for both prices and coupons. Although partly traded 

Over-The-Counter (OTC) many government bonds are also traded electronically through exchanges. 

They are usually offered in both primary and secondary markets, meaning that specific investors get the 

chance to bid at an initial offering from which the bond then is sold by the offering company. 

Afterwards, the bond enters the secondary markets, by which is meant, that the bond now is traded on 

the financial markets.  

In general terms government bonds are often considered risk free securities which applies to their 

context in common literature as government bonds frequently serve as the risk-free alternative in 

traditional portfolio theory. This assumption of their nature being regarded as risk-free however, largely 

depends on the context in which these are referred to. In this paper, this assumption of government 

bonds acting as risk free assets is not made as the analysis includes a broad range of risk components of 

respective bond yields.  

The following two subsections will start off the theory of this paper by first covering the issuance 

mechanism of government bond yields followed by the definition of government bond yield 

components. This serves as a critical component for the subsequent analysis.  
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Auctions 

Government bonds are sold using auctions, where the price and yield of a given bond is obtained 

through the respective bids made during the auction. This stands in contrast with corporate bonds, 

where the price of a bond is determined through a mechanism known as posted-price selling (PPS). 

Although most Euro-zone countries issue and sell government bonds through auctions, some member 

countries, such as Austria and Belgium, also use posted-price selling when issuing new debt according to 

(Habib & Ziegler, 2007). 

  

  

 

 

 

 

Figure 4:Countries' debt offering methods 

From the table above, the issuing procedures for government bonds in OECD countries are illustrated. 

The issuing procedures for government bonds varies among countries as several countries issue debt via 

auctions as well as posted price selling. The PPS, however, according to (Habib & Ziegler, 2007) does not 

serve as the primary issuance mechanism and is rather limited in use among OECD countries including 

countries within the Euro-zone. Thus, this section will not further deal with PPS as an issuance form.  

As there are no collective bonds issued throughout the Eurozone each Euro-zone member issues its own 

debt. The exact details of the issuance form varies slightly between countries with differences 
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predominantly concerning themselves with minor procedural variations as stated by (Riksgalden, 

2017a). The debt office of a given country’s national bank will sell government bonds, treasury bills as 

well as inflation protected bonds at auctions and as exact policies differ across countries to a minor 

extent, the Swedish national bank will be used as a proxy in the elaboration of describing the procedure 

involved with issuance of new debt. Although Sweden is not a part of the country sample targeted by 

QE, its auction procedure can be assumed to be a proxy for other countries within the Euro-zone as the 

country structures its government spending like the rest of the “QE”-countries.  

As a part of the auction, bids of various bonds are submitted by primary dealers. These bids are 

submitted electronically via systems chosen by the respective national bank as described by (Riksgalden, 

2017a). 

The allocation of bonds is conducted according to the multi-price action method according to 

(Riksgalden, 2017a) which in its simplicity entails auctions which are conducted with debt allocation at 

multiple prices. More precisely allocation is conducted at the respective interest rate offered in the 

auction and following the conclusion of the auction, all bids are ranked according to the offered yield 

from lowest to highest. Subsequently individual nominal amount of debt is allocated according to the 

total debt issued by the respective national central bank. This implies, that bidders will receive a 

nominal allocation depending on the yield and volume proposed by their bids. Bids with the highest 

implied yields but nominal amounts above allocation needs, are reduced to a percentage according to 

the total issue volume required by the national bank according to (Riksgalden, 2017a). 

Using auctions as an issuance procedure will have a direct effect on bond yields. Primary dealers 

authorized to bid in the primary market usually make bids in line with or below interest rates quoted 

according to (Riksgalden, 2017b). Hence in situations where auctions are characterized by large demand 

compared to a low supply, auctions can end up selling at comparably lower yields. On the contrary, 

auctions that are characterized by low demand or higher supply, can result in auctions concluding at 

higher yields. 

Auction procedures combined with varying demand sizes have significant implications for governments 

issuing bonds as the demand effect expressed as the average yield of a given auction represents the cost 

of that operation for the allocation of debt. Thus, if a government’s respective national central bank 

issues debt at a low demand, this implies a greater cost of financing and vice versa.  

In certain cases, the national bank can choose to adapt the volume of debt allocated in cases where an 

unusual large demand characterizes auctions. This can often entail rejecting bids which can be classified 
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as a rare phenomenon, because national central banks in most cases will accept bids unless these 

significantly deviate from what is justified in the market. Rejecting bids is a right which the national bank 

reserves for itself as auctions otherwise have the potential to result in borrowing costs which can be 

characterized as unreasonable. Compared to prices indicated by the market, national central banks are 

individually responsible for assessing the bids and what is fair compared to the markets. This means that 

in situations where markets are volatile and high yielding bids are made, they are more likely to be 

accepted. This can also be said for the opposite case, as high yielding bids are less likely to be accepted 

within markets characterized by low liquidity, stable market conditions and large spreads according to 

(Riksgalden, 2017b). 

Lastly national central banks may also allocate debt to auction participants according to unilateral 

pricing with respect to price/yield. This right is reserved by national banks in cases where the indicated 

interest rate by market participants deviates unreasonably from other markets and economic 

fundamentals. Allocating debt to auction participants according to a unilaterally set pricing mechanism 

will occur when the market, as indicated by interest rates are unaligned with respect to all relevant 

information available to market participants. (Riksgalden, 2017b) 

The above considerations which national central banks are faced with, in regard to allocation of debt 

issuances can be expressed through a given auctions average yield as well as bid-to-cover. A bond 

auctions average yield represents the average yield of all debt allocated to bidders while the bid-to-

cover expresses the total amount of bids a government received with the respect to the total issuance 

as stated by (Boffelli & Urga, 2015).  

With respect to the mechanism of auctions outlined, a difference across countries with regard to the 

average yield and bid-to-cover are often found. This implies a difference in government bond demand 

according to (Boffelli & Urga, 2015) and while not subject to further analysis, this differential across 

same maturity bonds indicates the existence of a form of premium which will be covered as part of the 

decomposition of yields in the following subsection.   

Yield Decomposition 

Government bond yields and their respective components is a topic studied to a great extent within past 

years academia and literature such as by (Cecchetti, 1989; Krishnamurthy, Nagel, & Vissing-jorgensen, 

2017; Sosvilla-Rivero & Morales-Zumaquero, 2012). Bond yields contain several different components 

which help determine the theoretical pricing of respective bonds and these range from a short-rate 

element to an expected-inflation element and further on to the credit risk and other risk premium 
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components which will be covered and elaborated on throughout this papers theory section. These 

elements, which contribute to the overall yield of a bond vary, depending on which model is applied and 

which literature is referred to.  

According to (Krishnamurthy et al., 2017), a government bond yield can be decomposed into several 

economic interpretable components. A government bond yield can be expressed through a product of 

five components according to (Krishnamurthy et al., 2017):  

𝑟𝑇
𝑐 =

1

𝑇
∫ 𝐸[𝑖𝑇]
𝑇

0

𝑑𝑡 + 𝑇𝑒𝑟𝑚𝑃𝑟𝑒𝑚𝑖𝑢𝑚𝑇 + 𝐷𝑒𝑓𝑅𝑖𝑠𝑘𝑃𝑟𝑒𝑚𝑖𝑢𝑚𝑇
𝑐 + 𝑅𝑒𝑑𝑅𝑖𝑠𝑘𝑃𝑟𝑒𝑚𝑖𝑢𝑚𝑇

𝑐

+ 𝑆𝑒𝑔𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛𝑇
𝑐  

The definition and interpretation of all variables listed as part of the above expression will be outlined in 

the below-placed section of the paper.  

Operating in a setting with the above expression serving as the definition of government bond yields a 

given yield can be expressed as the product of five separate components according to (Krishnamurthy et 

al., 2017). Out of these five components three are country dependent while the remaining two are non-

country dependent. In the definition presented by (Krishnamurthy et al., 2017)  𝑐 denotes the specific 

country in question while  𝑇 denotes the time to maturity of the respective bond. Furthermore 𝑖𝑇 

expresses the overnight interest rate, which in this paper is chosen to be expressed as a measure of the 

expected inflation and the ECB’s depositary facility rate, which will be covered extensively later. 

Seen from left to right, the first component of a government bond yield is a measure of the expectation 

hypothesis. The expectation hypothesis relates to the markets’ expectation of future short-rates and is 

generally related to the forward rate which can be implied by way of any given yield curve between any 

two maturities. In this paper, the expectation hypothesis component will be chosen to be decomposed 

into the realized real short rate expressed as the realized real ECB deposit facility rate and a measure for 

the expected inflation. This fits in line with (Krishnamurthy et al., 2017) who also utilize a short rate as a 

measure to compute the expectation hypothesis component. The exact dissection of this particular 

component will be expanded upon in the following sections which regard the expectation hypothesis 

theory and country specific inflation measures.  

The second component of a government bond yield according to (Krishnamurthy et al., 2017) is the term 

premium expressed as a measure for the risk associated with increases in time to maturity. According to 

(Krishnamurthy et al., 2017) this component refers to the duration risk associated with a given bond 

which typically will increase along the term structure and thus result in greater yields for longer term 
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bonds. Thus, compared to short-term bonds long term bonds are usually associated with greater 

duration risk according to (Krishnamurthy et al., 2017).  

Duration refers to the average time theoretically spent in order to get repaid the notional of the bond 

based on the price it was acquired at. Therefore, it not only serves as a risk measure which is associated 

with the bonds time to maturity, but also specifically indicates the time it takes for the bond to repay 

the bondholder’s notional. As stated by (Krishnamurthy et al., 2017), the term premium which embodies 

the duration of a given bond is purely dependent on the maturity of the bond and thus does not vary 

across countries. Rather, the duration of a bond is dependent on its price, coupon and maturity which 

together decides the respective duration. 

These first two components described i.e. the measure for the short-rate component and the term 

premium will be covered extensively later, because both also serve as important components in 

respective term structure theories. The term premium  which refers to the duration risk according 

(Krishnamurthy et al., 2017) furthermore plays an important role in relative value theory which also will 

be expanded upon later as part of the section concerning relative value strategies.  

While the term premium component according to (Krishnamurthy et al., 2017) can be seen as a function 

of maturity entirely, the expectation hypothesis component cannot. This is due to the fact that the short 

rate set by the ECB in real terms varies across countries. In nominal term however, the short rate is 

equal across countries and as such the expectation of actual future short rates is also equal across 

countries.  As such, the realized short-rate part of the expectation hypothesis component cannot 

differentiate itself across countries within the sample as the ECB sets the actual short-rate for the entire 

region as a whole. This difference in the expectation hypothesis component in real and nominal terms 

will be expanded upon later in the sections concerning the short rate and country specific inflation.  

The last three components are country specific components and thus, will vary across countries. The 

third component of a yield is defined according to (Krishnamurthy et al., 2017) as the component 

expressing the debt issuer’s default risk. This risk is further decomposed into the probability of default 

and the loss given default. In the expression put forth, this measurement of credit risk is denoted by the 

variable  𝐷𝑒𝑓𝑅𝑖𝑠𝑘𝑃𝑟𝑒𝑚𝑖𝑢𝑚𝑇
𝑐 . Normally, a greater default risk premium will increase a bonds yield 

which is intuitive as a larger expected loss is associated with the credit risk as repayment becomes less 

probable. Commonly this component can be seen as a representative of the overall credit risk of a given 

government bond.   
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The fourth component expresses the risk associated with a potential re-denomination of debt. This 

component is represented by the variable 𝑅𝑒𝑑𝑅𝑖𝑠𝑘𝑃𝑟𝑒𝑚𝑖𝑢𝑚𝑇
𝑐  and according to (Krishnamurthy et al., 

2017) represents a measure of the probability of re-denomination, value of the currency if re-

denominated, as well as the economic price-of-risk associated with re-denomination states. These 

separate subcomponents collectively define the re-denomination premium of any given bond which is 

similar to the default risk premium which also is composed of different subcomponents.  

Lastly, using the defined expression by (Krishnamurthy et al., 2017) a given yield is dependent on a 

segmentation component expressed as the variable  𝑆𝑒𝑔𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛𝑇
𝑐 . This variable is defined as a value 

expressing the segmentation frictions which may arise in the form of investor preferences as well as 

market participation constraints. This segmentation of investors, depending on the specific bond in 

question, can contribute to the directional movement of a given yield. Assuming a specific bond is very 

liquid, has special benefits or generally due to some other fact is preferred by a large investor base, this 

bond will carry a high degree of segmentation and as such increase bond prices and thus, decrease 

yields. Assuming the opposite is the case i.e. portfolio constraints exist against certain bonds, and/or 

other likewise restrictions are in place, this subsequently will result in an increase in yields and decrease 

in prices according to (Krishnamurthy et al., 2017).  

Under a central bank regime which practices quantitative easing such as the ECB, the segmentation 

normally will decrease when liquidity increases as bond prices increase. When asset purchases are 

conducted these increases in volume which leads to greater liquidity subsequently lowers segmentation.  

This segmentation effect will be covered more comprehensively in latter sections of the theory 

concerning the QE program.  

While the definition, understanding and interpretation of individual yield components is critical, the 

understanding of the relationship between components is equally important. This relationship can exist 

in several different ways according to (Krishnamurthy et al., 2017) as the expectation component might 

affect the default premium component and vice versa. A less accommodative stance and higher realized 

and/or expected inflation combined with higher future interest rates also has the potential to increase 

credit risk, as debt becomes costlier. Furthermore, (Krishnamurthy et al., 2017) put forth the case that 

some of these components potentially are self-enforcing, as higher credit risk will result in a greater 

yield, which subsequently increases cost of debt. This again subsequently can result in a greater credit 

risk as the probability of default increases. Thus (Krishnamurthy et al., 2017) argue that it can be difficult 
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to precisely quantify the contribution of specific components to a given yield as well as determine the 

relationship between these along with their respective self-enforcing effect.  

Not all components of government bonds yields defined will be considered as an elementary part of the 

analysis due to the nature of the problem statement. Components of bond yields which will be subject 

to analysis include the short rate components, inflation components as well as the specific credit risk of 

the issuing entity. The reasoning for this is lies in the fact that components compromising the yield of a 

given bond have a non-independent relationship. Hence this poses a methodical challenge in the sense 

of separating the respective contribution and quantifying, and thus measuring the effects of individual 

components. The solution to this is to group the default, re-denomination and segmentation 

components into one overarching risk premium component and thus implying these through an overall 

risk premium of which the credit risk i.e. the debt issuers default premium measure serves as a 

subcomponent. Although not specifically subject to analysis in this paper, yield components not 

concerned with inflation, credit risk and the short rate will still be covered later as they serve an 

important role in bond yields as stated by (Krishnamurthy et al., 2017).   

The next subsection will deal with the dissection of the expectation hypothesis component of the bond 

yield definition presented by (Krishnamurthy et al., 2017) which entails covering separate elements of 

this component i.e. the short rate and the expected inflation.  

Expectation Hypothesis Theory 

The expectation hypothesis component of a given government bond yield as defined by  (Krishnamurthy 

et al., 2017) originates from the expectation hypothesis theory within term structure or yield curve 

theories.  

While several specific versions of the expectation hypothesis theory have been presented in literature 

such as the pure expectations hypothesis theory by (Kane, 1980) the theory on a general level seeks to 

explain the shape of any given yield curve by way of market expectations of future short-term interest 

rates. Much literature such as  (Musti & D’ecclesia, 2008) and (Froot, 1990) confirm the validity of it in 

their findings while (Musti & D’ecclesia, 2008) find it to be  good at explaining term structures across 

country specific Euro-zone yield curves. 

Findings presented confirming the EHT including the ones by (Musti & D’ecclesia, 2008) support the 

definition of yields argued by (Krishnamurthy et al., 2017). The difference between both pieces of 

literature lies in the fact that (Musti & D’ecclesia, 2008) use the EHT in order to explain same country 
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yield differentials while (Krishnamurthy et al., 2017) define an expression for government bond yields 

which can be used across several countries under which the expectation hypothesis component serves 

as a subcomponent.  Rather than using the expectation theory as the single main explanatory 

component in government bond yields, the theory presented by (Krishnamurthy et al., 2017) can be 

used to express the expectation hypothesis component of the yield expression defined by 

(Krishnamurthy et al., 2017).  

(Musti & D’ecclesia, 2008) also argue that the expectation hypothesis consists of two components, one 

being a term premium and the other being the forward rate premium. This furthermore supports the 

definition of yields presented by (Krishnamurthy et al., 2017) who also present a maturity  dependent 

term premium as a component in the determination of yields. The significance of this term premium is 

limited however, as the EHT assumes a constant premium over time according to (Musti & D’ecclesia, 

2008) which also aligns with the definition of term premium put forth by (Krishnamurthy et al., 2017). 

Besides assuming a constant term premium over time, the EHT also assumes that interest rate 

expectations are formed rationally. This is referred to under the EHT as the rationale expectation 

assumption which embodies a range of ideas regarding rationale behavior of the market. These include 

the assumption of a stable market environment, market participants that understand this environment, 

no systematic over- or under estimating of future short rates as well as the assumption that market 

participants include all readily available information in their forecasts of future short term rates 

according to (Musti & D’ecclesia, 2008).   

In regards to specific maturities along a given yield curve (Musti & D’ecclesia, 2008) find that the EHT is 

better at explaining future short rates using short maturity yields compared to long maturities. As part 

of this (Musti & D’ecclesia, 2008) argue that the decrease in the EHT’s ability to explain long yields can 

be associated with the deteriation of the rationale expectation assumption on long maturities as well as 

a greater uncertainty in inflation expectations as will be covered later.  

Their findings also indicate that there does exist a considerable term premium for long maturities while 

short maturities are associated with smaller term premiums. This also supports the definition of 

(Krishnamurthy et al., 2017) which states the term premium as a maturity dependent component of 

bond yields.  

 

Based on the findings of (Musti & D’ecclesia, 2008) and (Krishnamurthy et al., 2017) the case can be 

made of overall defining a yield of Euro-zone government bonds as the product of two overarching 
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components, one short rate component serving as the measure of future short rate expectations in line 

with the expectation hypothesis component and a risk premium component of which the credit risk in 

this paper serves as a subcomponent. As the overarching risk premium component is composed of 

several specific components as previously outlined, the credit risk element can contribute to the spread 

between two same maturity bonds although due to the definition of yield components other elements 

such as segmentation and even liquidity premiums as presented by (Kane, 1980) also can contribute in 

determining yields. Some of these including a liquidity premium as under the liquidity premium theory 

as presented by (Kane, 1980) will be expanded upon further in a latter section concerning additional risk 

measure components.  

In the context of this thesis, a given Euro-zone government bond yield in nominal terms can based on 

the findings of (Musti & D’ecclesia, 2008) and (Krishnamurthy et al., 2017) be expressed as the product 

of two overarching components. These components include a respective yields expectation hypothesis 

component as well as a risk premium component described earlier on in this section. This risk premium 

component is a combined overarching measure of several risk components as defined by 

(Krishnamurthy et al., 2017). The below expression for yields can thus be collapsed into a definition 

consisting of two components: 

𝑟𝑇
𝑐 =

1

𝑇
∫ 𝐸[𝑖𝑇]
𝑇

0

𝑑𝑡 + 𝑇𝑒𝑟𝑚𝑃𝑟𝑒𝑚𝑖𝑢𝑚𝑇 + 𝐷𝑒𝑓𝑅𝑖𝑠𝑘𝑃𝑟𝑒𝑚𝑖𝑢𝑚𝑇
𝑐 + 𝑅𝑒𝑑𝑅𝑖𝑠𝑘𝑃𝑟𝑒𝑚𝑖𝑢𝑚𝑇

𝑐

+ 𝑆𝑒𝑔𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛𝑇
𝑐  

Combining the last three components in the above expression yields the following expression for bond 

yields: 

𝑟𝑇
𝑐 =

1

𝑇
∫ 𝐸[𝑖𝑇]
𝑇

0

𝑑𝑡 + 𝑅𝑖𝑠𝑘 𝑃𝑟𝑒𝑚𝑖𝑢𝑚𝑇
𝑐  

While the expectation hypothesis component of a bond yield is maturity dependent but not country 

specific, the credit risk component as part of the risk premium is maturity as well as country dependent. 

This is intuitive due the monetary policy mechanisms that exists within the Euro-zone. The ECB acts as 

the governing body that sets and adjusts the monetary policy in the Euro-zone according to its single 

mandate of ensuring price stability across the region and also dictates this monetary policy as one 

council for all Euro-zone member states.  
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In order to dissect the definition of yields presented further, the subcomponents of the expectation 

hypothesis component will be outlined and described in the following subsection. As this paper deals 

with yields of Euro-zone countries this short rate refers to the ECB’s deposit facility rate.  

The Short Rate 

In this paper, the respective short rate is chosen as the ECB’s deposit facility rate. (ECB, 2016) describes 

the deposit facility rate set by the ECB and as one of three interest rates set every six weeks and it is 

specifically defined as the rate at which banks throughout the Euro-zone can deposit money at a central 

bank’s facility on an overnight basis. It serves a good measure of a lower bound in regard to short-term 

money market interest rates according to (DeNederlanscheBank, n.d.) and as put forth by (ECB, 2014c) 

the deposit facility rate can drive banks to lend out their potential deposits in a scenario where the rate 

is considerably low or even negative. This highlights the function of the deposit facility as a powerful tool 

in monetary policy.   

Components  

The ECB’s deposit facility rate can be further decomposed as it can be expressed in nominal as well as 

real terms. Thus, given any specific inflation environment, this will result in a real rate which is 

dependent on the inflation which persists i.e. the actual realized inflation on an annual basis. (Amico, 

English, Lopez-salido, & Nelson, 2012) finds that the real short rate tends to revert back to a constant 

which implies that monetary policy exuded through setting the short rate is accompanied by a change in 

inflation. This furthermore implies that the time varying mean of the nominal short rate can be 

explained by the monetary component of the short rate which is inflation.   

Determinants of the Short Rate 

The deposit facility rate is based on the central bank’s single mandate of price stability throughout the 

Euro-zone. Thus, the deposit facility rate is set according to the development of inflation throughout the 

Euro-zone and is adjusted as a part of the overall monetary policy which seeks to aim for an inflation of 

close to 2% over the medium term. This ongoing assessment of inflation is performed by the ECB’s 

governing council and in an economical sense is intuitive as an increase of the short rate is initiated in 

order to achieve a tightening effect while a lowering of the rate aims for an expansive effect.  

Applicability of the Short Rate 

The use of the real short rate extends into the definition of yields put forth by (Krishnamurthy et al., 

2017) and is concerned with the expectation hypothesis component. As will be covered in the next 
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subsection a given yield is largely dependent upon the expected inflation over the course of its maturity. 

Thus, the short rate without its monetary component of inflation expressed in real terms can be used 

alongside the real yield of a given bond to approximate the expectation hypothesis component serving 

as the applied measure of the short rate according to (Krishnamurthy et al., 2017). (Cassola & Luís, 2003) 

argues that nominal interest rates or yields can be decomposed into expected inflation as well as 

expected real interest rates which aligns with the similar argument presented by (Ang, Bekaert, & Wei, 

2007) which will be further expanded on in the next chapter concerning country specific inflation. This 

implies that the measure of the short rate within the definition of (Krishnamurthy et al., 2017) can be 

decomposed further based on country specific inflation measures both in realized and expected terms 

and hence the component for the short rate in the presented definition for yields is a measure of the 

difference between real respective yields and the real short rate.  

The following subsection expands on the importance of inflation in decomposing government bond 

yields and is concerned with inflation measures in realized and expected terms.  

Inflation  

Although the actual short rate as defined previously is identical between Euro-zone member countries, 

this does not account for respective real interest rates which take inflation components into account. 

While the ECB governs the Euro-zone as a whole in setting the short rate based on price stability for the 

entire region, the expected as well as the realized inflation for individual member countries does in fact 

vary. Nominal yields along the curve can be decomposed further into real yields by removing inflation 

components expressed as the average expected rate of change in inflation until maturity. (Ang, Bekaert, 

& Wei, 2007) find that much of the spreads in nominal interest rates along the yield curve can be 

explained by a variation in these expected inflation compensation components. (Ang et al., 2007) 

defines the components as the expected inflation as well as an inflation risk premium. In the case of 

(Cassola & Luís, 2003) the inflation risk premium is not accounted for which thus also applies to the 

definition of yields in this paper. For US yields (Ang et al., 2007) finds that inflation components explain 

up to 80% of changes in nominal interest rates at different time horizons. This significance implies that 

as the ECB governs the monetary policy with respect to maintaining price stability across the Euro-zone, 

these differences in inflation imply a variation of the expectation hypothesis component of bond yields 

defined across the region. Nominal yields can thus according to (Ang et al., 2007) be expressed as the 

following: 

𝑦𝑡
𝑛 = 𝑦𝑡

�̂� + 𝐸𝑡(𝜋𝑡+𝑛,𝑛) + 𝜑𝑡,𝑛 
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where 

𝐸𝑡(𝜋𝑡+𝑛,𝑛) =
1

𝑛
𝐸𝑡(𝜋𝑡+1 +⋯+ 𝜋𝑡+𝑛) 

The first two components of the first expression represent the respective real rate and expected 

inflation until maturity of the specific bond in question. In the analysis section of this paper the inflation 

risk premium, as presented by (Ang et al., 2007), is viewed as a component of the overall risk premium 

and thus defines the inflation component of nominal yields as the mean of expected inflation from time 

𝑡+1 to 𝑡+𝑛. 

Previously the yield of a government bond was defined as being equal to the product of the expectation 

hypothesis component and a risk premium. Findings of (Ang et al., 2007) now enable for the further 

decomposition of yields into additional inflation elements. On a nominal basis though the measure for 

the short rate is the same for all countries within the sample and thus allows for the definition of 

government bond yields as the product of the short rate element, an expected inflation component as 

well as a risk premium component.  

As the actual short rate expressed by the ECB’s deposit facility rate collectively is equal on same 

maturity nominal yields, the country specific inflation as well as the risk premium subsequently 

contributes in explaining differences between same maturity yields according to (Ang et al., 2007). A 

government bond for a country with high inflation expectations will according to (Ang et al., 2007) on a 

nominal basis trade at a greater yield relatively to bonds in countries with lower expected inflation. This 

is assuming all other components of the yield remain fixed and the variance is accounted for by a 

variation in the expectation of future inflation.   

 

Based on the real rate of any given government bond, the respective risk premium as a component 

remains. Although this risk premium component can be defined as an overarching component as 

previously described several components contribute to this measure. Although subcomponents of the 

total risk premium such as segmentation and re-domination risk do not serve as objects for analysis 

explicitly themselves, they still act as components of bond yields. (Krishnamurthy et al., 2017; Musti & 

D’ecclesia, 2008) both argue that term premium contributes in determining government bond yields and 

(Musti & D’ecclesia, 2008) argues that term premium exists although varying across maturities but 

constant over time.  
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With respect to the objective of the analysis and the literature and theory covered, the expression for 

the nominal and real yield is presented and can be written as follows: 

𝑦𝑡
𝑇
𝑛𝑜𝑚𝑖𝑛𝑎𝑙

= 𝐸𝐶𝐵𝐷𝑅 − 𝑖𝑟 + 𝐸𝑡(𝜋𝑡+𝑛,𝑛) + 𝑅𝑖𝑠𝑘 𝑃𝑟𝑒𝑚𝑖𝑢𝑚𝑡 

𝑦𝑡
𝑇
𝑟𝑒𝑎𝑙

= 𝐸𝐶𝐵𝐷𝑅 − 𝑖𝑟 + 𝑅𝑖𝑠𝑘 𝑃𝑟𝑒𝑚𝑖𝑢𝑚𝑡  

Yield components which serve as objects of analysis with respect to the discontinuation of QE concern 

themselves with inflation and the subsequent effect on credit risk as part of the overall risk premium. 

Hence the above expressions under the objective of this paper serve as the comprehensive definition 

which determines yields.  

In the next section some additional components which have been put forth in literature in order to 

define the composition of bond yields will be covered. These although not explicitly expressed as 

individual components of bond yields are represented through the overarching risk premium 

component within the stated definition of bond yields.   

Term premium and liquidity premium 

As part of the risk premium defined by combining several individual components put forth by 

(Krishnamurthy et al., 2017) this section will cover additional risk premium components mentioned in 

literature. These include transaction costs, liquidity premium as well as term premiums which were 

already partly covered by both (Musti & D’ecclesia, 2008) and (Krishnamurthy et al., 2017).  

Transaction costs while in much literature are assumed to be non-existent have to be considered in a 

theoretical setting. Specifically transaction costs which are the result of re-positioning contribute to a 

given yield according to (Kane, 1980) as a part of the liquidity premium theory.  

Under the liquidity premium theory, a given investor by investing in a succession of one-period 

securities which are representative of shorter bonds, is able to react and respond to new market 

information that may exist at maturity of the given bond invested in. This provides any given investor 

with a greater degree of flexibility over more long-term investors which subsequently are forced to tie 

capital up over a longer time frame according to (Kane, 1980). Furthermore, reacting to new information 

by liquidating positions will incur transaction costs and will be associated with a greater degree of 

interest rate risk due to greater duration exposure which will be covered further later on. Another 

aspect of the liquidity premium theory as explained by (Kane, 1980) is the assumption of decreasing 

liquidity with maturity contributing in higher yields for long maturity bonds.  
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Another component of yield components already covered slightly previously is the term premium 

component of bond yields as described by both (Musti & D’ecclesia, 2008) and (Krishnamurthy et al., 

2017). The term premium can be described as the compensation an investor requires for him/her to 

hold a given bond for a shorter or longer period than their respective preferred maturity. The idea of a 

preferred maturity can express itself in the form of different pension funds targeting specific parts of the 

yield curve. It can also express itself on the supply side by a respective government issuing new bonds. 

These supply and demand effects according to (Pedersen, 2015) are what is known as the preferred 

habitat theory of the term structure which will be expanded upon in latter sections regarding QE.  

A given investors demand for compensation in order to hold a security for a longer time is intuitive, as 

the term premium can also be seen as a compensation for accepting greater uncertainty as an investor. 

Furthermore this term premium can be linked to the liquidity premium theory as outlined by (Kane, 

1980) as long maturity bonds are argued to be less favorable due to a low latency with regards to the 

ability to react to new market information.  

The following subsection will cover the credit risk component of yields by using a measure of CDS 

spreads. This will include the definition and mechanism of CDS spreads as well as the viability of CDS 

spreads as a measure for credit risk.  

 

Credit Default Swaps (CDS) and Credit Risk 

Credit risk as outlined earlier can be defined as the uncertainty associated with the potential loss of 

interest and/or principal of any given fixed income security due to the default of the issuing entity. This 

credit risk according to (Krishnamurthy et al., 2017) can be decomposed into the probability of default 

as well as the loss given default.  

When choosing a method of measuring and assessing credit risk among sovereign countries several 

options exist presenting each respective method as an indicator for modeling default probability and 

assessing the overall credit risk. In this paper credit default swaps on sovereign debt within the Euro-

zone are chosen as a measure to indicate this credit risk and the CDS spreads are used to allow for 

analysis and comparison of country specific credit risk. While other indicators for credit risk serve as 

viable direct alternatives to using CDS spreads, these alternatives such as credit ratings by rating 

agencies such as Moody’s and Fitch are not chosen in this paper due to findings of past literature.  
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(Jacobs, Karagozuglu, & Peluso, 2010) find that credit ratings are related to CDS spreads although they 

find the variation in CDS spreads to be greater relative to the change in credit ratings i.e. a significant 

variation in CDS spreads within any given credit rating class found. Overall the findings of (Jacobs et al., 

2010) indicate that there is a relationship between CDS spreads and the credit rating of the specific 

sovereign debt and thus CDS spreads can be applied as a measure of credit risk similar to the application 

of credit ratings.  

Credit default swaps are a form of credit derivatives which are traded as a contract between two 

parties. A credit default swap insures a given reference entity which amongst others can include 

government bonds. Contractually the seller or writer of a CDS agrees to pay the buyer of the CDS the 

difference between the bonds par value and its market price in case of default. Alternatively the 

contract negotiated between parties can also involve a physical settlement in which the investor holding 

the CDS in case of default can choose to exchange the defaulted bond in exchange for receiving its 

notional value according to (Noeth & Segupta, 2012). 

Contractually a CDS also implies an obligation from the buyer to pay premiums to the seller until the 

default of the reference entity underlying the CDS occurs as stated by (Noeth & Segupta, 2012). 

Premiums paid by the buyer are often referred to as spreads as credit default swaps for the most part 

are quoted as such. CDSs, while predominantly being an OTC traded derivative, are also quoted and 

traded as standardized contracts with specified maturities. These maturities quoted are generally equal 

to standardized contracts with 5-year maturities although these contracts can be further customized as 

OTC contracts.  

Any given CDS whether standardized or not is quoted in basis points where each specific bps quoted 

represents the cost of insuring a given notional amount of a reference entity. This reference entity can 

either be physically owned by the buyer or be a reference entity on which the contract of the CDS is 

based according to (Noeth & Segupta, 2012). Quoted as basis points a given CDS will insure a specified 

notional amount in the case of a credit event by the cost quoted in basis points. Thus, the annual 

premiums paid by the holder of a given CDS will equal the cost quoted in basis points times the notional 

amount insured through the CDS.  

Pricing of credit default swaps is largely dependent on the credit risk associated with the reference 

entity. This credit risk associated with the reference entity can be estimated through a variety of 

methods of which the credit rating of rating agencies such as Moddy’s and Fitch is a significant method 

as also covered by (Noeth & Segupta, 2012). As alluded to previously (Noeth & Segupta, 2012) find that 
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there is a significant correlation between CDS spreads and credit ratings issued by rating agencies and 

(Batta, 2011) furthermore proves that changes in credit ratings have shown to significantly impact CDS 

spreads around the announcement of the change in credit rating for a given reference entity. These 

findings present CDS spreads as a viable option in measuring credit risk which is further supported by 

(Bühler & Trapp, 2013) findings which show that CDS spreads have a high correlation with other 

measures of credit risk as well as liquidity and furthermore is significantly correlated with a given bonds 

liquidity measure. The viability of CDS spreads as measures for credit risk are also supported by the 

findings of (Forte & Lovreta, 2015) which support CDS spreads in explaining the occurrences of severe 

credit shocks.  

While changes in CDS spreads can be purely due to a shift in the perceived credit risk of a specified 

entity, the change in spreads can also be due to the self-enforcing effect of changing risk aversion of CDS 

spread market participants according to (Jacobs et al., 2010). 

Overall these findings support the viability of utilizing CDS spreads as a measure of perceived credit risk 

and due to the nature of these allow for greater insight into market implied credit risk compared to 

other credit risk measures such as credit ratings.   

The next subsection will deal with the supply and demand effect on yield curves and cover the causality 

between yield curves and market effects alongside yield components previously defined. 

Market Effects and Yield Curves  

While the previous part of this papers theory has presented as well as dissected individual yield 

components the use and interpretation of these as theoretical determinants remain. No literature with 

regards to pricing of yields can be classified as being definitively true or false in any absolute sense. The 

reason for this lies in the difficulty in quantifying yield elements due to several factors. First the issue as 

also argued by (Krishnamurthy et al., 2017) remains which is that many components of yields have a 

certain degree of correlation and self-enforcing effect which implies that separate yield components 

change based on each other. This makes quantifying yield components difficult combined with the 

supply and demand effects which cannot be approximated and anticipated in advance of yield changes. 

Thus, any given change in a given yield curve is ultimately decided by the respective supply and demand 

effects which shapes the yield curve in regard to its level, slope and curvature. While different theories 

as covered can and should be used to define determine respective yields based on fundamental 

components the market in the end sets the tone for any given yield curve. With respect to the overall 

components of government bond yields presented in this paper the issue of quantification of these are 
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primarily concerned with risk premium components whereas the issue of expected inflation is 

concerned with the accuracy and reliability of these. Expected inflation is associated with a high degree 

of inflation forecast uncertainty according to (Makarova, 2018) which although is less varying across the 

Euro-zone compared to other regions. Although (Hubrich, 2005) present a different model which 

forecasts HICP on sub-indices compared to the traditional method of forecasting HICP aggregated which, 

however, does not improve the forecasting ability on a one-year basis.  

The combination of supply and demand forces shaping yield curves and the theoretical definition of 

yields in regard to its components covered are highly critical in understanding and discussing relative 

value investing. This serves as the subject of the next subsection. First, however, the general shape of 

yield curves will be covered as well as the understanding and intuition behind these in relation to the 

individual theoretical components defined previously. 

 

Figure 5: Term structure examples 

Source: https://kbsonigara.wordpress.com/tag/humped-yield-curve/  

Historically the term structure throughout the European union has been upward sloping which implies a 

positive relationship between maturity and respective yield components. In regards to the expectation 

hypothesis component as part of the definition of yields presented by (Krishnamurthy et al., 2017) a 

given yield curve can imply a variety of assumptions such as the market expectation of positively 

increasing future short-term rates. Historical occurrences with decreasing yield curves will thus by 

definition imply decreasing yield components along the curve which could apply to the short rate 

element, whereas an upwards sloping yield curve translates into increasing yield components which 

https://kbsonigara.wordpress.com/tag/humped-yield-curve/
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could equally apply to any specific component of the yield.  In a scenario with a downwards sloping yield 

curve this implies the opposite as the product of yield components must be decreasing with maturity. 

These so-called inversions although historically rather rare phenomena’s have previously presented 

themselves in economies around the world.  

These different distinct shapes are illustrated above although in theory a given yield curve can take on 

an infinite amount of shapes as supply and demand determines the precise level, slope as well as 

curvature. History has also provided examples of downwards as well as flat yield curves as well as yield 

curves with humped shapes at the long and short end. One example of yield curve inversion is the US 

yield curve in the 1970 & 80’s as well as around the dotcom/internet bubble at the start of the current 

century. These, as well as other historical inversions, have been subject to much debate as well as the 

cause of these inversions. These discussions have evolved around the yield curves ability to predict 

recessions as discussed by (Chauvet & Potter, 2002). 

 

Figure 6: Treasury yield spread 

The definition of inverted yield curves is centered around the existence of negative yield differentials 

along the curve. This differential can be implied several places on the curve but according to (Chauvet & 

Potter, 2002) concerns the yield differential between the 2-year and 10-year yields. The illustration to 

the left highlights historical occurrences of inversion in the US yield curve between the 2-year and 10-

year maturities. Marked in grey are periods which according to NBER’s peak-to-through business cycle 

dates are characterized as recessions.  

These historical occurrences of inversion in the US treasury market imply decreasing yield components 

between 2-year and 10-year maturities and according to the definition of yields stated previously these 

inversions imply a decrease in the product of the short rate, expected inflation and risk premium. Thus, 
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inversions in absolute terms imply a decrease in compensation for holding longer bonds which can apply 

to all components ranging from the short rate component to the credit risk component. 

Relating these inversions to the definition of yield components allows for the rational assumption that 

inversions in yield curves are due to decreases in the short rate element of yields. As expectations of 

future short-term interest rates are expressed through this specific component, an inverted yield curve 

implies that market expectations of future short-term interest rates are decreasing. This aligns well with 

history as central banks in periods of economic downturn and recession lower interest rates, even below 

zero such as currently the case in the Euro-zone in an effort to stimulate the economy and increase 

inflation towards target level. The degree to which the measure of the short rate or other components is 

negative in the case of an inversion depends particularly on the yield differential between maturities.  

By definition the inversion and change in shape of the yield curve can also be due to changes in 

perceived credit risk as well as changes in expected inflation. In the definition applied the expected 

inflation serves as a separate component to the short rate set by the ECB and as such a decrease in yield 

differentials across the yield curve can be due to lower expectations of future inflation which can 

coincide with an economic downturn such as argued by (Chauvet & Potter, 2002). This subsequently 

under the expectation hypothesis will imply lower expectations of future short-term rates as the ECB 

sets the short rate based on inflation/price stability targets. Thus per definition the ECB by being able to 

adjust the short rate can impact the level of any given yield curve although this effect predominantly is 

centered around the short end of the curve according to (Pedersen, 2015).  

 

Building on the argument of a given yield curves predictive power put forth by (Chauvet & Potter, 2002) 

the findings of (Claus & Dungey, 2012) for the US treasury market indicate that there exists a 

relationship between specific monetary announcements and corresponding yield curve changes which 

supports the ability to interpret yield curve changes in slope, curvature and level by assessing 

quantifiable components.  

Although components of yields defined are used to define individual yields along the yield curve, the 

supply and demand forces as outlined ultimately determine the observed market yields. Specific supply 

and demand forces which can contribute to the shift in yields along a given curve includes the preferred 

habitat theory according to (Pedersen, 2015) who argues that these shifts can be caused due to shifts in 

in investor risk appetite along maturities. This ties into the segmentation component as presented by 

(Krishnamurthy et al., 2017) with specific scenarios causing segmentation such as different institutional 
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demands for hedging and large amounts of new bond issues. Another example of specific supply and 

demand effects which can contribute to shifts in yield curves include flight to quality scenarios in which 

big institutional investors seek towards long maturities, subsequently forcing yields on those maturities 

down as presented by (Pedersen, 2015). These shifts in investor preferences can overall be seen as a 

part of the segmentation component as presented by (Krishnamurthy et al., 2017) which serves as an 

implied subcomponent of the respective risk premium.  

The next section will be concerned with the relevance of yield curves in regard to portfolio construction 

in a relative value setting specifically and highlight the risk measures critical when conducting relative 

value investing.  

Arbitrage and Relative Value 

This thesis will choose a strategy based on the principles of relative value. The relative value strategy 

revolves around the concept of arbitrage, which must be understood first, in order to understand the 

concept of relative value. Arbitrage can most easily be explained by listing its prerequisites being: 

An investment: 

1. …without any form of risk. 

2. …with a positive expected return. 

3. …which involves no negative cash flow.  

The above constraints all need to be fulfilled to talk of a pure arbitrage. However, as arbitrage 

opportunities rarely present themselves in their purest form as described by (Shleifer & Vishny, 1997), 

other methods of approaching arbitrage have been developed like APT from (Ross, 1976) . One of these 

methods is statistical arbitrage as elaborated on by (Caldeira & Moura, 2013), which seeks to exploit 

mispricing undergone by trading pairs of likewise stocks, which cointegrate. From this strategy, the sub 

strategy of relative value sprouts, which is based on the same principles. The differences between the 

two lies in, statistical arbitrage is usually defined as being two assets which cointegrate, even 

momentarily, which can be exploited, whereas relative value almost always deals with assets within the 

same asset class. An example of a likewise relative value arbitrage can be seen through (Gatev, 

Goetzmann, & Rouwenhorst, 2006). 
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Relative Value Strategy 

Having covered how the yield curve is a product of different components such as the short rate and 

expected inflation as well as supply and demand forces, this section will look at these components’ 

significance when conducting a relative value strategy on fixed income products.   

Asset Classes 

When deciding on an asset class, there are pros and cons to consider. First of all, which realm to choose 

is dependent on a number of factors like stocks being more dependent on investor sentiment whereas 

fixed income products are more dependent on the interest rate level. In order to provide the basis of a 

solid relative value strategy, one has to pick the right subcategory of asset classes within an overall 

realm. 

This paper will focus on fixed income products and further, exploit the asset class of government bonds, 

especially within the Euro-zone. The positives in this aspect as compared to choosing an asset class 

within stocks are, that fixed income products offer more clear dependencies towards interest rates, 

general investor risk aversion as measured as the amount invested in risk-free products and the time 

horizons of the investments. This is in contrast to equity products, as they are more loosely dependent 

on the same factors and offer little help of calculating changes in their prices towards the same factors. 

Equities are, however, more dependent on market sentiments in which the individual stocks are located, 

which yields a geographical advantage as they are highly correlated with the area of which they reside 

in, be that what industry or what country. 

Other differences include the way they are priced, whereas stocks are assumed to be correlated and 

follow random walks, fixed income products are usually priced by taking the general environment into 

account while performing analyses on the likelihoods of default. These likelihoods also carry an element 

of correlation but can be harder to estimate. It can be tough to say, which product class is harder to 

price as they both have their strengths and weaknesses.  

Relative Value vs other Strategies 

Focusing on a relative value strategy as compared to other strategies poses some pros and cons. Some 

of these will be discussed further below, but overall, as the relative value strategy focuses solely on 

individual asset classes, they can be said to have a rather narrow focus, which limits the general 

opportunities within them. They can often also be hard to understand for outsiders, because of their 

often-complicated ways of retrieving their positions and how they match their positions individually. 
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This is in general a problem which may dilute the wanted effects of such a strategy, but they also pose 

positive elements. Examples of these include the fact that they often are better hedged than most other 

strategies and, in many cases, they are money neutral, which means that they are a variation of a carry 

strategy, which means that they fund their long positions by selling other positions short.  

Long Only 

In relation to a long-only strategy, a relative value strategy first and foremost differentiates itself by 

being narrower in terms of assets traded and includes trading positions short. This is associated with 

pros and cons since limiting a strategy to a specific asset class may limit potential opportunities 

elsewhere, while it also provides a foundation for securing knowledge of the asset class in question.  

Further, as the long-only strategy seeks to benefit from long positions only, it often carries the “equity 

premium” of stocks, which is lost within the relative value strategy because of its short positions as well. 

This means, that a general optimistic environment within stocks is exploited by the long only strategy 

but not within the relative value strategy.  

Another point is the time frame of the strategies. The long only strategy will often possess a very long 

investment horizon when deciding on which assets to go long in, while the relative value is often 

focused on more narrow time frames, which only seeks to employ a convergence or divergence. 

Lastly, long only strategies are often based on fundamental analyses either by finding companies to 

invest in to outperform other companies or because of a general optimistic view of a commodity or 

currency because of changing fundamental climate around these. This contradicts the relative value 

strategy as it is often founded in quantitively-based analyses which often predicts very narrow spreads 

which are likely to converge, and thus, disregards the companies or other assets in focus. 

Long/Short 

Another strategy to consider is a traditional long/short strategy. It employs many of the same tools as 

the long only strategy but focuses also on selling assets short. This is like the relative value strategy 

which likewise does so. However, the long/short strategy does not both go long and short within the 

same asset classes, as it seeks to identify assets which are underpriced and will appreciate compared to 

the market price based on good fundamentals and/or some quantitatively comparable measure. 

Likewise, it also seeks to identify assets which are overvalued based on fundamentals or some 

quantitatively-based measures to go short in. This contradicts the relative value which only seeks to 

exploit mispricing within the same asset class. This also means, that the relative value strategy does not 
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consider prices in terms of the market, but rather focuses on prices in terms of the prices of the assets’ 

peers.  

Arbitrage Strategies 

As the relative value is a close resemble to an arbitrage strategy and is founded within the realm of 

arbitrage, the strategy has resemblances to arbitrage strategies. However, arbitrage strategies are often 

founded in the stated constraints for what makes an arbitrage opportunity, which limits the potential for 

observing arbitrage in the market significantly. One could argue, that relative values strategies are the 

practical implementation of a strategy which seeks to exploit arbitrage opportunities. However, many 

arbitrage opportunities which resemble pure arbitrage more exist within the markets, which other 

strategies seeks to exploit. An example of this is what high frequency trading is about, which seeks to 

exploit arbitrage found across several markets but within the same assets. They can do so, by trading 

one asset long, which trades at a lower price on one exchange, while selling the same asset short on 

another exchange, which trades at a higher price. By doing so, high frequency trading exploits the 

mispricing to gain a risk-free convergence toward one of the prices resulting in a profit. 

Relative value strategies differentiate themselves from this type of strategies by having a longer 

investment horizon and being based upon an economic rationale. This stands in contrast to the 

anomalies found by high frequency trading which cannot be explained by normal market behavior 

whereas usually, relative value strategies can often be rationed towards major changes in either 

investor behavior or in the economic landscape.  

This speaks in favor of using a relative value strategy, as the approach outlined in this paper seeks to 

exploit a mispricing caused by a market participant being the European Central Bank. 

Yield Components and Relative Value 

The relative value strategy is further beneficial to use in this paper’s regard, because of the way it will be 

structured. Relative value strategies often seek to hedge, as the strategy is focused on retrieving returns 

with minimized risk. As outlined in the above theory, the method utilized by this paper seeks to replicate 

yields as if there has been no quantitative easing. The method of doing that, includes dismantling the 

yields into different components. This feeds right into using a relative value strategy as the strategy can 

seek to hedge the exposures towards the different items of the yields, because they have been 

quantified in order to build the trading opportunities. As an example, by quantifying the credit risk as 

measures of basis points of spreads within credit default swaps, they can be easier hedged to lead to a 
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less risky overall investment. This can be done in a relative-value setting by going long one asset within 

the same class, here government bonds, and selling short another asset within the same class, here 

another government bond.  

Because of these arguments, a relative value strategy will be utilized below in the analysis sections and it 

will be described further, how the exposures will be hedged practically.  

Duration 

Within fixed income investing in a relative value setting, one of the main risk factor to be considered 

when constructing portfolios is the duration of individual positions and the portfolio as a whole. 

Duration, as will be described, serves not only as a tool in immunization of bond portfolios but also 

serves as a way of approximating bond returns.  

 

Duration risk as specified according to (Pedersen, 2015) refers to the interest rate risk of a given bond 

position and can be defined as the price sensitivity to yield changes in absolute terms. It is equal to the 

weighted-average time to maturity of all the remaining cash flows and can be expressed as the following 

according to (Pedersen, 2015): 

𝐷𝑡 =∑ (𝑡𝑖 − 𝑡)
𝑐𝑜𝑢𝑝𝑜𝑛 𝑎𝑛𝑑 𝑚𝑎𝑡𝑢𝑟𝑖𝑡𝑦 𝑑𝑎𝑡𝑒𝑠 𝑡𝑖

𝑤𝑡𝑖  

 

Here 𝑤𝑖 is the fraction of the bonds present value being paid at each respective cash flow date. 

𝑤𝑡𝑖 =
𝐶𝐹𝑡𝑖

(1 + 𝑌𝑇𝑀)𝑡𝑖−𝑡𝑃𝑡
 

 

The above expression implies that longer term bonds carry greater duration and hence respective long-

term bond prices are more sensitive to yield changes which also is stated by (Krishnamurthy et al., 

2017). The price change of a given bond with a specified duration can therefore be expressed through 

the following expression.  

Δ𝑃𝑡
𝑃𝑡

≅ −
𝐷𝑡

1 + 𝑌𝑇𝑀𝑡
Δ𝑌𝑇𝑀𝑡 = −𝐷𝑡 Δ𝑌𝑇𝑀𝑡 = −𝑃 ∗ 𝐷𝑡 ∗ Δ𝑌𝑇𝑀𝑡 

 

In the above the third expression from left to right represents the modified duration expressed as: 
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−𝐷𝑡 =
𝐷𝑡

1 + 𝑌𝑇𝑀𝑡
 

These expressions enable for the approximation of a given bond positions return which is equal to the 

total return decomposed into an absolute price change and yield return component.  

 

𝑏𝑜𝑛𝑑 𝑟𝑒𝑡𝑢𝑟𝑛𝑡,𝑡+1 ≅ 𝑌𝑇𝑀𝑡 − 𝐷𝑡+1(𝑌𝑇𝑀𝑡+1 − 𝑌𝑇𝑀𝑡) 

 

The above holds true for positions which are liquidated as a bond if held to maturity will earn its initial 

yield to maturity according to (Pedersen, 2015). 

Besides enabling for the approximated computations of bond returns, duration also enables for the 

computation of portfolio hedges which is a process known as immunization.  

Immunization enables investors in a fixed income setting to position themselves according to the 

identified mispricing based on the applied methodology and thus hedge their exposure to changes in the 

level of yields i.e. parallel shifts in the level of the yield curve. This process of immunization is a key 

element in constructing fixed income relative value portfolios. 

By utilizing individual durations of bonds within the investment universe this allows for the computation 

of the combination of bonds which result in a duration neutral or immunized portfolio. This 

immunization of a given portfolio can be expressed by the following. 

 

𝑃&𝐿$ ≅ −𝑥𝑙𝑜𝑛𝑔 ∗ 𝐷𝑡
𝑙𝑜𝑛𝑔

∗ 𝑃𝑙𝑜𝑛𝑔 ∗ Δ𝑌𝑇𝑀𝑙𝑜𝑛𝑔 + 𝑥𝑠ℎ𝑜𝑟𝑡 ∗ 𝐷𝑡
𝑠ℎ𝑜𝑟𝑡

∗ 𝑃𝑠ℎ𝑜𝑟𝑡 ∗ Δ𝑌𝑇𝑀𝑠ℎ𝑜𝑟𝑡 = 0 

 

By the above it can be seen that the return of a position by way of matching duration can be made 

immune to changes in the level of the yield curve. Assuming that the yield curve makes a parallel shift in 

either direction, this immunization will thus hedge the position exposure with respect to the level of the 

yield curve. The expression expresses the return in absolute terms rather than relative terms and is a 

result of applying the previous equation for both the long and short positions since: 

 

𝑃&𝐿$ = 𝑥𝑙𝑜𝑛𝑔Δ𝑃𝑙𝑜𝑛𝑔 − 𝑥𝑠ℎ𝑜𝑟𝑡Δ𝑃𝑠ℎ𝑜𝑟𝑡 
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where 

Δ𝑃 = −𝐷𝑡𝑃𝑡Δ𝑌𝑇𝑀𝑡 

Δ𝑃$ = −$𝐷𝑡Δ𝑌𝑇𝑀𝑡 

 

To exemplify immunization the following simple example will be used.  Assume a position betting on the 

flattening of the yield curve. The position can consist of a short position in a 2-year government bond 

and a long position in 10-year bonds. The resulting return on this position can be expressed as: 

𝑃&𝐿$ ≅ 𝐷2𝑃2Δ𝑌𝑇𝑀2 + 𝑥 ∗ −𝐷10𝑃10Δ𝑌𝑇𝑀10 

𝑃&𝐿$ ≅ $𝐷2Δ𝑌𝑇𝑀2 + 𝑥 ∗ −$𝐷10Δ𝑌𝑇𝑀10 

 

As duration is greater with long maturity bonds, by solving the equation this will enable for the 

computation of the overall portfolio weights which will make the duration overall neutral and thus 

hedge against parallel yield changes. As a parallel move i.e.  Δ𝑌𝑇𝑀10 = Δ𝑌𝑇𝑀2 implies an equal shift in 

yields, the weighting in each bond can be determined by solving for 𝑥. 

By solving for 𝑥 while assuming a parralell shift in the term structure, the overall weighting in each bond 

can be calculated as expressed by:  

𝑥 =
$𝐷2

$𝐷10
 

Depending on whether the position is anticipating an increase or decrease in yield differentials, 𝑥 will 

either have a negative or positive value. To exemplify this, assume the following example. Two bonds 𝑃4 

and 𝑃11 that both pay a 5% coupon and trade at 99.5 and 97.5 respectively. The duration of the two 

bonds is 𝐷4̅̅ ̅̅ = 3.5 and 𝐷11̅̅ ̅̅ ̅ = 8.9 respectively. The values are purely hypothetical, and the assumption is 

that the yield curve between the two maturities will steepen. In order to solve for the hedge which 

would make the position immune to a parallel shift in the yield curve the above expression is applied 

which results in the following weightings: 

𝑥 =
−𝐷4̅̅ ̅̅  𝑃4

𝐷11̅̅ ̅̅ ̅ 𝑃11
=
−3.5 ∗ 99.5

8.9 ∗ 97.5
= −0.40133 

𝑥 =
−$𝐷4

$𝐷11
= −0.40133 



Page 39 of 149 
 

 

The weightings based on the example are rational as longer-term bonds typically are associated with a 

greater duration risk and as such, is being weighted less compared to shorter bonds.   

The above example illustrates the process of immunization with a relative value portfolio consisting of 

two bonds. For portfolios with several additional securities as for the analysis of this paper the method 

is similar as the immunization requires the application and solving by way of linear equation systems. 

Several methods within immunization of multiple bond portfolios exist which have been put forth by 

(Martinelli, Priaulet, & Priaulet, 2002).  

Applying the methodology for identifying mispricing requires solving for specific weightings which 

maximize the relative value extracted while remaining duration neutral. (Martinelli et al., 2002) put 

forth several methods for doing this which refer to the hedging of “kinks” which deals with relative value 

strategies aimed at a given yield curves curvature.  The overall idea is to match the position with respect 

to duration while also hedging for changes in the slope by constructing the hedge with both short as 

well as long maturity bonds. While a handful of different ways to construct hedges exist, the two most 

prominent methods include cash and duration neutral weighting (CDDN) as well as fifty-fifty weighting 

(FF) according to (Martinelli et al., 2002).  

The rationale behind CDDN is to adjust the weights of the short maturity and long-term bond in such a 

way that the position is cash as well as duration neutral. This can be written as the following linear 

equation system: 

{
𝑞𝑠𝐷𝑠 + 𝑞𝑙𝐷𝑙 + 𝑎𝐷𝑚 = 0
𝑞𝑠𝑃𝑠 + 𝑞𝑙𝑃𝑙 + 𝑎𝑃𝑚 = 0

 

 

Solving the above linear equation system produces the quantities 𝑞𝑠 𝑞𝑙 to hold in the short-term and the 

long-term bonds, respectively. 𝐷𝑠, 𝐷𝑙 and 𝐷𝑚 represent the duration of the specific bond.  

An issue with the CDDN method is that while the position is duration hedged, the duration is skewed to 

the long side i.e. a steepening or increase in yield differentials would result in a negative return whereas 

a flattening would imply a positive return due to changes of the yield curve.  

Due to skewness of the CDDN method for immunization other methods such as the fifty-fifty (FF) can be 

utilized to better position a given portfolio towards changes in yield levels and differentials. The idea 

behind applying the FF method for a hedge lies in the ability of the hedge to withstand small changes in 
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the slope of the term structure. This is due to the fact that both sides of the hedge contain equal 

duration. According to the fifty-fifty method the following system has to be satisfied as according to 

(Martinelli et al., 2002). 

{

𝑞𝑠𝐷𝑠 + 𝑞𝑙𝐷𝑙 + 𝑎𝐷𝑚 = 0

𝑞𝑠𝐷𝑠 = 𝑞𝑙𝐷𝑙 =
−𝑎𝐷𝑚
2

 

 

By applying the FF method as a tool for hedging interest rate risk, the position to a greater degree is 

hedged toward small changes in yield differentials. Compared to the CDDN method the method is not 

cash neutral and hence not self-financing.   

On top of the CDDN and FF method, additional methods for hedging interest rate risk exist. Two of these 

methods include the regression weighted as well as maturity weighted method.  

The regression method is based on the concept of adjusting portfolio weights to achieve a dollar 

duration of zero as well as to satisfy the following two equations: 

 

{

𝑞𝑠𝐷𝑠 + 𝑞𝑙𝐷𝑙 + 𝑎𝐷𝑚 = 0

𝑞𝑠𝐷𝑠 ∗ (
𝛽

1
) = 𝑞𝑙𝐷𝑙

 

 

The intuition comes from the fact that short term interest rates are significantly more volatile than long 

term interest rates and the expectation thus is that the short maturity side of the hedge on a relative 

basis moves more than its long counterpart. The key element in this model compared to the previous 

two is the element which is the regression coefficient 𝛽. The coefficient is estimated by regressing the 

changes in the yield differential on the right side of the hedge (i.e. between body and right wing) on the 

changes in yield differential for the left side of the position (i.e. between body and left wing). Assuming 

short maturity volatility being greater than long maturity volatility, this coefficient will be equal to less 

than one. Consequently, depending on the coefficient this will determine the hedge and implied 

quantities.  

The regression weighting model implies a greater weighting on long term bonds which is intuitive due to 

the assumption of greater volatility for short-term bonds and thus the duration of short legs of the 

hedge will be considerably less compared to the fifty-fifty method. Furthermore, the regression method 
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is also not cash neutral implying a carry for the overall position. In comparison to the FF method the 

regression method differs by taking a difference in volatility into account. While the FF method 

constructs a hedge by having the same dollar duration on both legs and disregarding volatility, the 

regression method assumes a difference in underlying volatility. This difference is reflected in the 

regression coefficient 𝛽, which given a value of 1 would result in a model output of that equal to the FF 

method.  

The last theoretical approach for hedging interest rate levels in multiple bond portfolios put forth by 

(Martinelli et al., 2002) is the maturity weighted method. Compared to the regression method this 

model focuses on bond maturity rather than historic volatility in determining weightings for each leg of 

the hedge. Under the maturity weighted method the following three equations have to be satisfied: 

 

{
 
 

 
 
𝑞𝑠𝐷𝑠 + 𝑞𝑙𝐷𝑙 + 𝑎𝐷𝑚 = 0

𝑞𝑠𝐷𝑠 = −𝑎 (
𝑀𝑚 −𝑀𝑠
𝑀𝑙 −𝑀𝑠

)𝐷𝑚

𝑞𝑙𝐷𝑙 = −𝑎 (
𝑀𝑙 −𝑀𝑚
𝑀𝑙 −𝑀𝑠

)𝐷𝑚

 

 

In the above 𝑀𝑚,𝑀𝑠 and 𝑀𝑙 represent the maturities of the medium-term, short-term and long-term 

bonds respectively. 

The method represents a combination between the fifty-fifty and regression method and allocates a 

greater duration on the short maturity side relative to the regression method but allocates less duration 

relative to the fifty-fifty method. (Martinelli et al., 2002) compare the methods for hedging and find that 

each respective method performs better under certain specified scenarios and as such they do not find 

any specific approach to be superior.   

The methods for hedging portfolio duration presented by (Martinelli et al., 2002) differ and highlight the 

flexibility which persists with respect to choosing the ideal academic approach. As will be outlined in the 

methodology later on, the approach applied in this paper is closely related to the immunization 

presented by (Martinelli et al., 2002) as the theoretical portfolio constructed in the latter part of the 

analysis deals concerns multiple yields across the Euro-zone. Thus the theory of immunization presented 

by (Martinelli et al., 2002) is closely related to the applied method of this papers analysis.  
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Convexity  

In addition to utilizing duration as a hedging tool in relative value portfolios, convexity serves as another 

measure which can be applied. In favor of applying convexity hedging is (Pedersen, 2015) who argues, 

that although duration serves as a good measure when hedging it is best suited for yield changes which 

are relatively small. He argues that in situations where the yield change is more volatile and fluctuations 

in variation increase, convexity can serve as an additional measure to improve the risk neutrality. 

Convexity is defined as the second derivative of the bond price with respect to yield changes and is a 

measure of the curvature in the relationship between a bond’s price and its yield. It expresses how a 

given bonds duration changes as the interest rate changes and can be expressed by the following.  

 

𝑐𝑜𝑛𝑣𝑒𝑥𝑖𝑡𝑦𝑡 =∑
(𝑡𝑖 − 𝑡)(𝑡𝑖 − 𝑡 + 1)

(1 + 𝑌𝑇𝑀𝑡)
2

𝑐𝑜𝑢𝑝𝑜𝑛 𝑎𝑛𝑑 𝑚𝑎𝑡𝑢𝑟𝑖𝑡𝑦 𝑑𝑎𝑡𝑒𝑠 𝑡𝑖

𝑤𝑡𝑖 

 

 

Besides serving as a risk factor which can be used to improve the hedge of a portfolio it can also be used 

similar to duration in approximating changes in bond prices as a result of yield changes.  

 

Δ𝑃𝑡
𝑃𝑡

≅ −𝐷𝑡 Δ𝑌𝑇𝑀𝑡 +
1

2
𝑐𝑜𝑛𝑣𝑒𝑥𝑖𝑡𝑦𝑡(Δ𝑌𝑇𝑀𝑡)

2 

Δ𝑃𝑡 ≅ −$𝐷𝑡 Δ𝑌𝑇𝑀𝑡 +
1

2
𝑐𝑜𝑛𝑣𝑒𝑥𝑖𝑡𝑦𝑡(Δ𝑌𝑇𝑀𝑡)

2 

 

According to (Pedersen, 2015) bonds with greater convexity will despite any changes in interest rates be 

priced higher than bonds with less convexity and long positions of any portfolio would ideally have 

greater convexity exposure than short positions as this will imply positive returns as a result of interest 

rate changes.  

Convexity can furthermore play an important role in the construction of relative value portfolios. This is 

because bonds with positive convexity tend to increase greater in price as yields fall relative to price 

decreases when yield rise. Relative value fixed income investing hence not only considers convexity as a 

measure of interest rate risk but according to (Pedersen, 2015) also as a key element in portfolio 

construction. This means that in portfolios with significant leverage, a utilization of convexity would in 
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theory enable for a better hedge to be implemented. This is because highly leveraged positions given 

sharp adverse moves will be associated with a greater probability of going bankrupt.  

The European Central Bank and Unconventional Monetary Policies 

The European Union created the European Central Bank (ECB) at the start of the union’s expansion into 

an economic and monetary union. It was mainly developed through three steps in which the euro was 

introduced, the different national banks were independentized and the establishment the European 

Central Bank took place. This also led to the intra-EU exchange rate mechanism (ERM II).(“Index @ 

Www.Ecb.Europa.Eu,” n.d.) 1 

The bank serves the purpose of being the central bank of the entire European Union and as such, it has 

been delegated the authority to monitor and conduct stability improving measures in order to secure 

the financial landscape of the European Union. It does so with the help of other individual national 

banks of the member countries of the European Union. Especially national banks located in countries 

where the Euro serves as the common currency play an extraordinary role in maintaining a calm 

economic landscape along the ECB, as they together serve to maintain the stability for the entire Euro-

zone. 

“The primary objective of the European System of Central Banks […] shall be to maintain price stability.” 

(Article 127 of the Treaty on the Functioning of the European Union)2 

From the above it can be seen that the main area of objective of the European Central Bank is guiding 

the financial level of the economy towards a targeted inflation rate. That objective guideline is a rate of 

just below two percent. Such stability enforcing is mainly done through adjusting benchmark rates and 

controlling the money supply from printing or eliminating money. The major benchmark rates consist of 

an interest rate considering the main refinancing operations (MROs) which provides the majority of the 

liquidity for the banking system. The ECB also maintains an interest rate on overnight deposit facilities 

that the commercial banks have with relation to the ECB. Commercial banks usually use this facility 

regarding excess liquidity which needs to be stored somewhere. Lastly, the ECB also conducts an 

overnight marginal lending facility interest rate, which serves as the opposite of the last one, being the 

rate at what banks can lend from the ECB on an overnight rate. 3 

                                                           
1 ECB’s homepage: https://www.ecb.europa.eu/ecb/history/emu/html/index.en.html  
2 ECB’s homepage: https://www.ecb.europa.eu/ecb/tasks/monpol/html/index.en.html  
3 ECB’s homepage: https://www.ecb.europa.eu/mopo/decisions/html/index.en.html  

https://www.ecb.europa.eu/ecb/history/emu/html/index.en.html
https://www.ecb.europa.eu/ecb/tasks/monpol/html/index.en.html
https://www.ecb.europa.eu/mopo/decisions/html/index.en.html
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Another part of daily work of the ECB includes auctioning government bonds of varying maturities to 

finance economical deficits and financing spending on various projects, as has been described earlier. 

Unconventional monetary policy 

From whereas the initial theoretical points of monitoring and stabilizing the economy through adjusting 

rates and the money supply are considered to be conventional monetary policy, a field called 

unconventional monetary policy exists, which deals with alternative ways of achieving the inflationary 

goal. These measures have gained popularity from central banks within the last couple of centuries but 

stems from a more general way of thinking. Central banks usually adopt unconventional measures, 

when they can see that further action is needed on their behalf compared to what they are currently 

capable of, in order to reach their objectives. Such positions have recently been held largely by central 

banks, as their means of controlling the economy by the use of benchmark interest rates have been 

exhausted, because of unwillingness of letting them go below zero. Because of this scenario, which is 

referred to, as hitting the ‘zero lower bound’ in relation to interest rate levels, banks adopt 

unconventional measures. The next subsections will provide insight to what these measures are capable 

of. 

Forward Guidance 

A traditional tool in the toolbox of unconventional monetary policy commonly includes forward 

guidance. This is where the central bank tries to dictate the level the economic activity towards their 

inflation target by communicating intentions regarding the interest rate level and/or the monetary base 

and/or the introduction of further unconventional tools. Such communicating can be useful if the 

central bank is hesitant to stimulate/tighten the economy but wants a way to influence it in a direction, 

without actually changing anything. This is a very common tool used by central banks all over the world 

and examples include when the Danish National bank, Nationalbanken, communicated a position of 

absolute resistance towards keeping the Danish Krone within the peg to the Euro, following the Swiss 

Franks’ exit from the currency peg as can be seen from (Nationalbank, Policy, & First, 2017). Another 

more common example revolves around the way in which central bank chairmen present economic 

news by verbal communication. Here they reinforce the unswerving unpredictability of financial markets 

towards their options to enhance their actions to stimulate the economy. This is more practically done 

when they announce their intentions to raise rates further or the opposite. In short, forward guidance 

can be seen as anything the central banks say or do, which subsequently indicates further action. 

Because of the wide spectrum of possible outcomes and the often-blurry way of communicating them 
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by the central banks, many larger corporate banks have several positions dedicated to analyzing and 

comparing different statements to different actions. Such communication often also impacts the way 

monetary policy is conducted and how effective it is, as is indicated by  (Woodford, 2005).  

Targeted Longer-Term Refinancing Operations (TLTROs) 

An additional way of stimulating the economy is through offering easy re-financing on otherwise more 

difficult to finance bonds, usually because of maturities varying too much from the commonly liquid 

bonds. This problem arises from the fact that banks not uncommonly finance their short-term 

operations with longer term assets which easily can affect regulatory capital demands. Such a scenario 

could arise from banks giving out e.g. car loans with maturities of 4 years and financing it by buying 

bonds of the more common 10-30-year maturities. This causes an off-set in payments, which eventually 

becomes a question in terms of affecting the equity pool of the bank. This could cause damage to the 

bank, given that they cannot comply with regulatory demands on an ongoing basis which could lead 

them to lose their license. This may conclude in the banks becoming more hesitant to give out shorter 

term loans which, of course, would harm the economy in a recession because it would mean a smaller 

monetary base (through less loan activities). In order to solve this problem, the European Central Bank 

can offer lending products of shorter maturities to banks (usually the TLTROs have a maturity of four 

years)4. That means, that banks more easily can match their expenses to their revenues and thus, in a 

safer way, can lend out money to businesses and private people alike, and as such, the monetary base 

expands by increased lending, and hopefully, the central bank is on route to their inflation objective.  

History of TLTROs 

The first series of TLTROs, named TLTRO-I, was announced on the 5th of June 2014 and was set to 

commence for two years. It consisted of two initial borrowing rounds where companies were given an 

allowance they could borrow up to, based on their total outstanding amount of eligible loans to the non-

financial private sector. This was followed by six further sequences of TLTROs within TLTRO-I in 2015 and 

2016.  

The second series of TLTROs, names TLTRO-II, was announced on the 10th of March 2016 and is 

conducted in the same way as TLTRO I. 

                                                           
4 ECB’s homepage: https://www.ecb.europa.eu/mopo/implement/omo/tltro/html/index.en.html  

https://www.ecb.europa.eu/mopo/implement/omo/tltro/html/index.en.html
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Quantitative Easing Programs 

As an additional highlight of unconventional monetary policy, and being a major part of this paper, the 

central bank can also use measures obtained from quantitative easing. Quantitative easing is a mixture 

between three parts, two of the above-mentioned areas of conduct for the ECB, being the distribution 

of bonds and stabilizing the economy through changes in particular rates, and a third area of actively 

purchasing a portfolio of assets.  

More practically, quantitative easing is often performed in a way which allows the central bank to print 

money which subsequently is used to finance purchases of different targeted asset classes. For the same 

reason, a quantitative easing program is often also referred to as an asset purchase program. Through 

the asset purchases, the central bank tries to influence the investor distribution of, and mentality 

towards, the different assets and can as such, as an example try to push investors from a safe 

investment product out on more risk-seeking prairies. Another major point regarding central bank asset 

purchases is that they could also try to make an investment product more attractive by pushing the 

price up on it. All in all, quantitative easing programs attempt to alter changes in economies by altering 

the landscape for financial markets.    

Much has been written in terms of historic QE programs and their relevance for the economy, however, 

most of this has been in regards to the Federal Reserve’s United States-based QE program (Stroebel & 

Taylor, 2009), (Kohn, 2009), (Gagnon, Raskin, Remache, & Sack, 2011), (Meyer, 2010), (Hamilton & Wu, 

2011) and the Bank of England’s United Kingdom-based program (Joyce, Lasaosa, Stevens, & Tong, 

2011). 

Thus, it will provide significant insight to the relevance of the ECB’s QE program and to QE programs in 

general, to perform analyses of the outcomes of that as well. In this thesis, however, the analysis will 

rely on others’ findings and remain focused on the ECB’s QE program albeit mentioning of other 

programs will occur to enhance the understanding of the norms within QE programs and elaborate on 

the historic relevance.  

(Woodford & Eggertsson, 2003) describes beneficial effects in lowering long-term bond yields can arise 

if the Central Bank serves the unconventional monetary policy in a trusted and credible way as 

measured by their willingness to let events unfold exactly as initially described. (Clouse, Henderson, 

Orphanides, Small, & Tinsley, 2000) further describes, that such a commitment to enhance credibility 

and affect inflationary levels can be achieved through quantitative easing programs by buying large 
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quantities of long duration assets. The QE program also indicates the rates will be lower for an extended 

period of time which conveys the credible part of the monetary policy statement.  

History of Quantitative Easing Programs 

Throughout history there have been several examples of quantitative easing programs which this 

following section now will go into in more depth with. QE programs generally vary due to different 

targeted transmission channels and different regulation as well as, in the case of the Federal Reserve, 

different goals.   

The Federal Reserve and their Quantitative Easing in the United States 

The Federal Reserve introduced three series of quantitative easing programs with the first being 

launched in December 2008 in the wake of the financial crisis and lasting till March 2010, the second in 

November 2010 until June 2011 and the third and last in September 2012 until October 2014.  

The first program, often simply called QE1, ended up having purchased assets of USD 1.25 tn in 

mortgage-backed securities and USD 175 bn in agency securities*5. The second program, often likewise 

called QE2, purchased USD 600 bn of long-maturity Treasury securities. The third program, called QE3, 

bought USD 40 bn of mortgage-backed securities per month and USD 45 bn long-maturity Treasury 

securities per month. 

The programs have ended up quadrupling the total assets of the Federal Reserve, which have caused an 

uproar in the wake of the program’s ending and since the Federal Reserve started unwinding the assets 

purchased in the program. This is mainly because of the lack of documented effect combined with the 

enormous size of the asset purchases. This is also partly due to the uncertainty regarding going into the 

QE programs, in terms of what would happen to interest rates, asset prices and the stability of the 

society in more regards, as is also indicated by (Krishnamurthy & Vissing-Jorgensen, 2011).  

The Bank of England and their Quantitative Easing in the United Kingdom 

The Bank of England’s quantitative easing program was announced on the 19th of January 2009, where it 

was predicted to amount to GBP 50 bn of high quality private sector assets financed by treasuries 

                                                           
*Agency securities are securities issued by GSEs (Government-Sponsored Entities) like the Federal National 
Mortgage Association and the Federal Home Loan Bank. 
5 Homepage of the Federal Reserve: https://www.stlouisfed.org/publications/regional-economist/third-quarter-
2017/quantitative-easing-how-well-does-this-tool-work  
 

https://www.stlouisfed.org/publications/regional-economist/third-quarter-2017/quantitative-easing-how-well-does-this-tool-work
https://www.stlouisfed.org/publications/regional-economist/third-quarter-2017/quantitative-easing-how-well-does-this-tool-work
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issuance. Since then, has it been expanded several times from GBP 375 bn in the spring of 2012 to the 

current level of GBP 435 bn in 2018.  

The Bank of England also introduced a Corporate Bond Purchase Program with a GBP 10 bn target over 

the course of 18 months after the announcement on the 4th of August 2016.  

The Bank of Japan and their Quantitative Easing in Japan 

The Bank of Japan (BoJ) was the first major central bank to introduce Quantitative Easing programs as a 

response to a prolonged period of under-achieving economic conditions around 2001. The BoJ did so, by 

introducing purchases made in order to expand the balance sheet from 4 to 5 tn JPY which was expected 

to decrease the interest rate by 15 bps down to a flat zero percent (Fawley & Neely, 2013). By 2004, the 

BoJ had increased the target bank reserves to 30-35 tn JPY. By 2006, the BoJ ended its’ QE program as 

they reinstated the uncollateralized overnight rate as their main policy instrument and sat it equal to 

zero percent.  

(Ito & Mishkin, 2006) have later argued that the BoJ did not manage market expectations very well from 

1998 to 2003, which eventually led to tough conditions faced by the BoJ in terms of their QE program.  

The program was later on reignited closely following the Federal Reserve’s QE1 through major close-to-

zero lending operations, much like the ECB’s TLTROs. This operation was, unlike the ECB counterpart, of 

unlimited nominal value.  

Furthermore, later in 2008 and in the beginning of 2009, the BoJ increased their government bond 

purchase program from JPY 1.2 tn to 1.4 and initiated a corporate purchase program mainly targeting 

commercial paper and asset backed commercial paper amounting to JPY 3 bn.  

Later, the BoJ have initiated further programs to stimulate refinancing as well as introduced programs to 

purchase a variety of products like ETFs.  

Summary 

Even though the different QE programs all have similarities and essentially are the same in their overall 

targets, they pose great individual differences and have been constructed differently. This is an 

important point to notice, as when targeting different needs of the economy a central bank can use a 

quantitative easing program tailored to specific needs through various channels. In alignment with this 

reasoning, the European Central Bank introduced their asset purchase program which was supposed to 

lay the foundation for financial stability in the wake of the financial crisis and, as will be explained later, 
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was supposed to strengthen and avoid a financial crisis within the southern countries in the European 

Union with an increased emphasis on avoiding national bankruptcies.  

The main differences between the programs must be found in the history and structures of the 

economies wherein they reside. Whereas the United States of America and the United Kingdom value 

investor privileges through both the way they do accounting in GAAP, continental Europe has a history 

of valuing stakeholder privileges more which also can be seen through the IAS and IFRS and the way 

they are structured. In the same way, the US and UK QE programs have mainly worked through open 

market purchases whereas the ECB, even though they also practice open market operations, have 

focused on also providing facilities to banks to stimulate spending in combination with asset purchases. 

The Asset Purchase Program in Detail 

The Asset Purchase Program (APP) will be dismantled and examined throughout the next section to 

build the foundation for one of this assignments’ larger components of interest which will be built upon 

afterwards. The APP is also sometimes known as the expanded asset purchase program as it consists of 

several parts which have been built upon each other through the past decade. Furthermore, a general 

overview of the program can be seen in the figure below. 

 
Figure 2: Balance sheet effects from QE 

The First Round of Still Active Quantitative Easing – CBPP3 

The ECB decided on initiating another program of quantitative easing after their experience in pursuing 

three previous (and now terminated) programs. The new program was a clear follower of two of the 
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programs, which also can be noted from the name, being Covered Bond Purchase Program 3 (CBPP3). 

The program was initiated on the 4th of September 2014. 

The main features regard the fact that it revolves around, as the name stipulates, covered bonds. 

Securities targeted by the program may be bought in both primary and secondary markets, meaning 

that the ECB may participate directly through debt offerings or indirectly through markets operations, 

which denotes actions to buy or sell in over-the-counter markets or trade in listed products through 

exchanges. However, the bonds have to be denominated in euros as well as being held and settled in 

the euro area as can be seen from (ECB, 2014b). 

Securities bought under this, as well as the previous programs of same kind, are made available for 

further lending for a number of Euro system central banks by the central bank.  

As of March, the 2nd 2018, current holdings amount to the nominal value of 247,742 million euros.   

The Second Round of Still Active Quantitative Easing - ABSPP 

After the initiation of the CBPP3, the ECB decided on pursuing another transmission channel by targeting 

asset-backed securities. The name of this program is the Asset-Backed Securities Purchase Program 

(ABSPP) and it was initiated on the 21st of November 2014.  

The main feature of this program lies in its targeting of an asset class which consists of senior and 

guaranteed mezzanine tranches of asset-backed securities, which refers to the more secure classes of 

asset-backed securities. This program also allows for purchases through both primary and secondary 

markets as well as the demand for euro denoted securities. 6 

The ABSPP allows for the monetary transmission mechanism to include a channel of enhancing more of 

the traditional banking activities from dealing with asset-backed securities. These include the more 

traditional housing loans and car loans etc. which the ECB is guiding the traditional banks out of by 

buying the banks’ holdings of the loans, and at the same time making the creation of asset-backed 

securities favorable, because the ECB is likewise pushing the prices up on them. This means, that the 

traditional banks will have to provide more lending against asset backed collateral to consumers, to 

further sell on the asset-backed bonds. (ECB, 2014a) 

                                                           
6 ECB’s homepage: 
file:///C:/Users/Alexander%20Bredegaard/Dropbox/Data%20for%20thesis/Theory%20for%20thesis/pr141002_1_
Annex_1.pdf  

file:///C:/Users/Alexander%20Bredegaard/Dropbox/Data%20for%20thesis/Theory%20for%20thesis/pr141002_1_Annex_1.pdf
file:///C:/Users/Alexander%20Bredegaard/Dropbox/Data%20for%20thesis/Theory%20for%20thesis/pr141002_1_Annex_1.pdf
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The actual execution of the program will be delegated to individual national banks within the euro area. 

7 The current nominal value of the ABSPP amounts to just below 25 billion euros as of March the 2nd 

2018 and around fifty percent bought in either primary or secondary markets with the majority just 

tipping in favor of secondary markets.  

The Third Round of Still Active Quantitative Easing – PSPP 

On the 9th of March 2015, the European Central Bank decided on expanding the asset purchase 

program. They did so, by initiating another channel of purchases, being the Public Sector Purchasing 

Program (PSPP). The main-targeted assets of this program consist of both nominal and inflation-linked 

government bonds, as well as bonds issued by “recognized agencies, regional and local governments, 

international organizations and multilateral development banks located in the euro area.”( 

https://www.ecb.europa.eu/mopo/implement/omt/html/index.en.html ) The majority of the program is 

focused on government bonds with around 90% of purchases belonging to this asset class.  

This program introduces what was to be the majority of the portfolio re-balancing effect, which will be 

explained further later but basically consists of forcing banks to push investment funds into other areas 

(often riskier classes). The example of this, is that what commercial banks beforehand would have 

invested into government bonds now has to be invested in other assets because the ECB already has 

bought a majority of the government bonds, which they intend to hold to maturity, rendering them 

unable for sale.  

Unlike the previous programs, the PSPP only conducts operations in the secondary market. It holds a 

considerably more significant impact in nominal terms with purchases ranging from 30 billion euros per 

month up to 80 billion euros over the span of its’ lifetime so far. This also means, that the nominal 

amount of this program’s purchases amounts to almost two trillion euros.8 (ECB, 2017) 

The program is mainly conducted through the national central banks with 92% of purchases made from 

National Central Banks and 8% from the ECB. It is distributed across the euro area countries based on 

each country’s capital subscription.9  

It has resulted in the below table of purchases: 

                                                           
7 ECB’s homepage: https://www.ecb.europa.eu/mopo/implement/omt/html/abspp-faq.en.html  
8 ECB’s homepage: https://www.ecb.europa.eu/mopo/implement/omt/html/index.en.html  
9 http://bruegel.org/2016/02/the-european-central-banks-quantitative-easing-program-limits-and-risks/  

https://www.ecb.europa.eu/mopo/implement/omt/html/index.en.html
https://www.ecb.europa.eu/mopo/implement/omt/html/abspp-faq.en.html
https://www.ecb.europa.eu/mopo/implement/omt/html/index.en.html
http://bruegel.org/2016/02/the-european-central-banks-quantitative-easing-programme-limits-and-risks/
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as at 

28 February 

2018 

Monthly net 

purchases* 

Cumulative monthly 

net purchases* 

Remaining Weighted 

Average Maturity (WAM) in 

years 

Austria 584 53,093 8.91 

Belgium 757 66,933 9.75 

Cyprus 0 214 4.03 

Germany 5,078 469,218 6.46 

Estonia 0 65 0.37 

Spain 2,824 235,740 8.21 

Finland 296 29,741 7.18 

France 4,224 383,971 7.67 

Ireland 431 26,118 9.05 

Italy 3,638 333,786 8.04 

Lithuania -201 2,775 8.25 

Luxembourg 25 2,437 5.57 

Latvia 47 1,844 7.69 

Malta 5 1,039 11.38 

The 

Netherlands 1,123 104,961 7.39 

Portugal 489 32,014 8.19 

Slovenia 115 7,131 10.40 

Slovakia 141 11,111 8.46 

Supranationals 2,225 211,754 7.63 

Total 21,801 1,973,944 7.62 

Table 1: ECB PSPP Purchases 

Source: European Central Bank, *Book values in million euros 
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The Fourth Round of Still Active Quantitative Easing – CSPP 

The fourth round of still active quantitative easing is currently the last round of quantitative easing 

introduced by the ECB. It consists of corporate sector bond purchases hence its name, Corporate Sector 

Purchase Program (CSPP). It was introduced on the 8th of June 2016 as a measure to aid the existing 

purchase programs, especially the latter one, PSPP, to help transition the ECB purchase programs into 

effects on the real economy by providing a way to substitute risk elements.  

The program is a part of the overall APP which, at hand, was intended to run until March 2017, but has 

been extended on later occasions. The limits on risk and thus, guidelines for taking on positions are 

following the same ruleset of the PSPP. Unlike the PSPP though, the CSPP is eligible for purchases of 

corporate bonds through the primary market combined with purchases through the secondary market. 

Furthermore, bonds targeted by the program must have a maturity of between six months and 31 years 

at the time of purchase. Lastly it is worth mentioning that the ECB as within the program is permitted to 

buy bonds with a negative yield, as long as the yield to maturity is above the deposit facility rate. 10 

By March the 9th 2018, the CSPP has amounted to a value of 144,977 million euros. That consists of just 

below 84% bought in secondary markets. 11 

Terminated Programs 

Securities Markets Program 

On the 14th of May, the European Central Bank decided on introducing the second round of 

unconventional market stability supporting measure, being an Securities Markets Program denoted 

SMP. (ECB, 2010a) 

Its’ main objective was to restore liquidity and thus, return malfunctioning parts of the debt securities 

markets to proper functionality and restore an appropriate level of the monetary policy transmission 

mechanism. (ECB, 2010b)  

On a general basis, whenever the ECB introduces a measure like the SMP, opinions are voiced towards 

the robustness of such programs in regard to both the effectiveness towards guiding inflation but also 

regarding their risks in terms of introducing more uncertainty to the economy. To these remarks, the 

ECB responded the following in their economic bulletin. 

                                                           
10 ECB’s homepage: https://www.ecb.europa.eu/mopo/implement/omt/html/cspp-qa.en.html  
11 ECB’s homepage: https://www.ecb.europa.eu/mopo/implement/omt/html/index.en.html  

https://www.ecb.europa.eu/mopo/implement/omt/html/cspp-qa.en.html
https://www.ecb.europa.eu/mopo/implement/omt/html/index.en.html
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“From a medium to longer-term perspective, inflation moves in line with broad monetary aggregates. 

This relationship holds true across countries and monetary policy regimes, suggesting that it is 

“hardwired” into the deep structure of the economy. Empirical evidence confirms this relationship for 

the euro area and underpins the prominent role assigned to money in the ECB’s monetary policy 

strategy. It also suggests that inflation is not linked to short-term fluctuations in monetary aggregates. 

To the extent that the SMP restores the orderly functioning of financial markets, and thereby establishes 

an appropriate yield configuration, and the purchases are sterilized, there is every reason to believe that 

the medium to longer-term dynamics of broad money will be unaffected. Thus, the SMP should not give 

rise to risks to price stability, in particular those stemming from developments in monetary liquidity.” 

(ECB, 2010b)  

The program was terminated with its’ last operation conducted on the 10th of June 2014. The ECB, 

however, still holds just below 85 billion euros worth of the program at the 2nd of March 2018. 12 

Covered Bond Purchase Program 1 and 2 

The ECB introduced their first Covered Bond Purchase Program (CBPP) in July 2009 which was concluded 

according to schedule at the end of June 2010 after it had reached a nominal bought value of 60 billion 

euros. The values of this program amount to 5.834 billion euros as of March the 2nd 2018. 13 

The second covered bond purchase program was introduced in November 2011 which also was 

concluded after schedule on the 31st of October 2012. It reached a nominal value of 16.4 billion euros 

as compared to the established target of 40 billion euros. The values of this program amount to 4.457 

billion euros as of March the 2nd 2018. 14 

Ending the APP 

On the 26th of October, the European Central Bank announced the discontinuation of the asset 

purchase program in its then current form, after December 2017. The program, as can be seen from the 

figure below, consisted of monthly purchases amounting to 60 bEUR which have been halved in the 

beginning of January 2018, leaving the monthly purchases to amount to 30 bEUR. 15 

                                                           
12 ECB’s homepage: https://www.ecb.europa.eu/mopo/implement/omt/html/index.en.html  
13 ECB’s homepage: https://www.ecb.europa.eu/press/pr/date/2009/html/pr090604_1.en.html  
14 ECB’s homepage: https://www.ecb.europa.eu/press/pr/date/2011/html/pr111103_1.en.html  
15 ECB’s homepage: https://www.ecb.europa.eu/press/pr/date/2017/html/ecb.mp171026.en.html  

https://www.ecb.europa.eu/mopo/implement/omt/html/index.en.html
https://www.ecb.europa.eu/press/pr/date/2009/html/pr090604_1.en.html
https://www.ecb.europa.eu/press/pr/date/2011/html/pr111103_1.en.html
https://www.ecb.europa.eu/press/pr/date/2017/html/ecb.mp171026.en.html
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Figure 7: The Development of the APP of the ECB 

It can be seen as a response from the ECB, that the economy progresses towards the objective guideline 

of the European Central Bank in terms of price level stability. The ECB also maintains the right of 

uncertainty towards whether they may extend the current program, which can be seen from the way 

they announce their monetary policy as described by (Blinder, Ehrmann, Fratzscher, De Haan, & Jansen, 

2008). This type of answer is, however, seen more often than not from the ECB. It is an answer seen 

regarding any of their monetary stances although, as previously discussed about building credibility, the 

announced path is usually the best to follow to build credibility.  

An important point to notice, is that the ECB is incentivized to conclude their APP before they can return 

to more conventional monetary policy measures such as raising the benchmark rate. This has largely to 

do with the uncertainty regarding how the APP affects the economy and as such, especially whether 

different outcomes will arise if the rate level is adjusted to another level compared to the level it 

currently holds or whether the rate hike will have an effect at all. However, as the Bank of England has 

ventured out into this scenario with a positive benchmark rate accompanied by QE, this gives an 

indication of a functioning co-operative mechanism. To further illustrate the complications, assume 

rising yields because of rising benchmark rates accompanied by falling yields because of QE programs, 
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with both measures undertaken by the central bank. This scenario will probably not yield the same 

economic results as if the rate was at the zero-lower bound. The below figure provides an overview of 

different rate levels conducted by the ECB through the quantitative easing programs. 

 

Figure 8: The different rate levels regarding the ECB and their APP 
Source: European Central Bank 

The channels of how the APP affects GB yields 

Monetary Policy Channels 

A central bank usually affects the surrounding economic conditions through different policies, as 

covered previously, in order to reach their objectives, such as a stable price level. The quantification of 

these effects is usually found by looking at the individual parts of the tools applied then isolating and 

proving the effects through different financial instruments. These individual parts are usually called 

channels and there exist numerous ways by which different economists have tried to measure these 

individual effects. Proper highlight of the channels will be in place and thus, a review of existing 

literature around evidence of the channels and their uses, along with indicating ways of isolating the 

effect(s).  

As the main objective of this paper is, to identify how the ECB QE program affects government bonds 

across the individual member states of the European Union. Because of this, the thesis will go much 

further into the relevant channels of the unconventional measures as opposed to the less relevant 

conventional measures. However, the conventional measures further provide a base for understanding 
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how the central bank operates and provides understanding of how unconventional policy measures 

differentiate themselves from conventional measures. Additionally, many components of the following 

channels are also found in traditional monetary measures.   

Portfolio Re-Balancing Channel 

The portfolio re-balancing channel is mainly, as the name suggests, a channel from which investors 

rebalance their holdings of assets towards other points, based on the different effects caused by a QE 

program. This leads to economic shifts in inter alia risk aversion as many investors are forced to 

rebalance their asset holdings.  

An example of this could be drawn from the QE program in terms of government bonds. The 

quantitative easing program introduces very large amounts of money targeted towards purchases of 

government bonds which force prices on them to rise, because the sellers know, that they will be able to 

sell their holdings to the ECB. This in turn forces the yields of the bonds to fall which decreases their 

attractiveness towards investors. This subsequently leads investors to substitute their government bond 

holdings towards other asset classes. As government bonds is often viewed as some of the safest liquid 

investments, investors tend to venture into riskier assets which then induces positive price changes on 

those assets. All of this contributes to stimulating the economy through risk taking and increased activity 

across more risky asset classes, which may drive further investing in the economy and may lead to 

higher employment etc.  

Furthermore, as described in (Vayanos & Vila, 2009) it can be observed in the markets that many 

investors have different sorts of ‘preferred habitats’ as touched upon earlier on in the paper. This 

means, that some investors are inclined to e.g. buy certain maturities of government bonds, thus 

causing shifts in the term structure based on these specific preferences. Other investors are more risk-

averse with preferred habitats in certain government bonds which also may affect term structures of 

certain bonds. When the ECB then purchases a lot of bonds across many of those areas, then the 

preferred habitats’ yields are inversely affected and as such, investors who prefer the specific bonds are 

left with the choice of sticking to their, now much pricier bonds or let the ECB force investors out in 

other assets.  

Much evidence to back the portfolio re-balancing channel up exist, including (Altavilla, Carboni, & 

Motto, 2015) covering the euro area, (Joyce et al., 2011) for the Bank of England’s QE program in the 
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United Kingdom and (Gagnon et al., 2011) along with (Amico et al., 2012) for the Federal Reserve’s QE 

program in the US.  

Market Segmentation Effects 

Another aspect of the portfolio re-balancing effect is market segmentation. Market segmentation 

effects, as described by (Krishnamurthy et al., 2017), arise from the different perspectives investors have 

on the same assets. It can be viewed as a subsector of the portfolio re-balancing channel because it also 

revolves around the liquidity concerns of QE-affected bonds. The effects take their form from the 

subsequent events of the events described in the portfolio re-balancing channel as they refer to the 

illiquidity and pricing frictions that arise from certain types of investors being excluded from specific 

asset classes. In relation to the previous example the focus of market segmentation is caused by the 

different segments created from certain investors preferring certain bond maturities, which yield one 

segment of many investors in the preferred bonds and another segment in the ‘rest’ of the market. This 

aspect distorts prices and may be enhanced because of QE programs. (Krishnamurthy et al., 2017) 

further tries to disentangle the market segmentation effect from other potentially overlapping effects.  

Market segmentation also relates to the previously discussed part about preferred habitats. Because of 

market segmentation effects, which may exclude investors which act as the counter to the preferred 

habitat investors, which in turn distorts the price in the other way of the preferred habitat investors who 

may prefer their countries’ government bonds and thus, be willing to pay a relatively higher price. If the 

‘normal’ investors then are excluded, then that may twist prices upwards. This overall is resulting in the 

assets in place taking an even larger price deviation caused by the ECB and their QE program than what 

is described solely by the portfolio re-balance channel.  

To further support the evidence of this effect, it first needs to be established that there exists limitations 

to arbitrage (Gromb & Vayanos, 2002). Subsequently, it can then be shown that the relevance from this 

effect is relevant. (Greenwood & Vayanos, 2013) explains how the effect has worked previously on long 

term government bonds in the United Kingdom. The effect arises through a regulatory change which 

affects certain market segments to a greater degree, in this case UK-based pension funds.  

Furthermore, (Mitchell, Pulvino, & Stafford, 2002) explains it on equity markets by proving arbitrage 

situations caused by investor segmentation along with (Lamont & Thaler, 2003) who dismantles the Law 

of One Price throughout different asset classes and proves it inconsistent.  
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Lastly, (Ivashina, Scharfstein, & Stein, 2015) explains how market segmentation effects cause unequal 

market effects across the banking sector regarding the covered interest parity.  

The Signaling Channel 

The next channel in focus will be the signaling channel. This channel is to be interpreted in a similar way 

to forward guidance, although it is not entirely the same. As described by (Gambetti & Musso, 2017), 

the ECB announces a purchase program which, in turn, signals that the ECB has a wish of expanding the 

monetary base (by printing money intended for purchases) and/or push the benchmark rates below 

zero. This indicates, that while the QE program is active, the ECB will maintain their accommodative 

policies, i.e., it provides dates for the accommodative policy, from a signaling channel perspective. It 

differentiates itself from forward guidance in the sense that while forward guidance mainly provides 

hints about future actions, the signaling channel of quantitative easing programs provides a higher 

degree of knowledge about the range of accommodative policy. A further example of this can include 

the fact that forward guidance often is about setting the benchmark rate to a certain level for the next 

medium-short period whereas the signaling channel includes the certainty of having expansionary 

monetary policy for the duration of the QE program.  

The signaling channel is highly dependent on the credibility exhibited by the central bank and also co-

integrated with the credibility in the sense that a central bank can maintain and build upon their 

credibility while keeping their policies towards their announced targets. From this point, the forward 

guidance tool is also dependent on central banks keeping their respective quantitative easing programs 

because without the credibility that follow from being able to stick with an announced plan, hints about 

future rate levels and monetary base levels, i.e. forward guidance, will not have an effect if the public 

does not trust the hints.  

As (Krishnamurthy et al., 2017) highlights, it can often be hard to quantify the relevance of this channel 

because it overlaps immensely with the introduction of the programs and as such, other channels may 

likely be activated at the same point as this channel is activated. Because of that, it has also historically 

been hard to decide on one correct answer in terms of the relevance of this channel with different data 

pointing in different directions and leading to different conclusions. Here with (Altavilla et al, 2015) for 

the euro area and (Krishnamurthy and Vissing-Jorgensen, 2013), (Bauer and Rudebusch, 2014) and 

(Christensen and Rudebusch, 2012) for the United Kingdom and United States. 



Page 60 of 149 
 

Duration Risk Channel 

The duration risk channel serves as an offspring of interest rate and credit risk. It can be interpreted as a 

channel by which the ECB through the QE program can affect the risk associated with the different 

bonds as described by (Krishnamurthy & Vissing-Jorgensen, 2011).  

The ECB does so, by lowering yields for different treasuries of longer maturities which affects all the 

bonds’ duration risk, however, as described earlier, the bonds of comparably longer maturity will have a 

higher duration.  

As far as evidence goes, (Vayanos & Vila, 2009) offer a theoretical model for the duration risk channel 

which (Gagnon et al., 2011) further have expanded upon to focus on lowering yields for all longer term 

bonds and the concluding the effects being larger for the comparably longer term bonds. Another 

method of measuring the evidence of the duration risk channel arises from (Krishnamurthy et al., 2017) 

where they interpret the effects of this channel combined with the signaling channel by using changes in 

the Euro swap rate (EONIA OIS swap). This is possible as the signaling channel and duration risk channel 

are broad channels which, in theory, should be affecting swap rates as well as lowering yields across 

certain bonds.  

Liquidity Channel 

This channel, as opposed to the other channels, predicts that yields should increase for the most liquid 

targeted bonds, like government bonds, relative to other targeted bonds according to (Krishnamurthy & 

Vissing-Jorgensen, 2011). This is due to the liquidity price premium investors are willing to pay and 

sprouts from the fact, that due to generally increasing liquidity across the targeted assets, the less liquid 

bonds will see a relatively higher increase in their liquidity, which should mean that their prices should 

increase comparably more than the government bonds. This would cause the more liquid government 

bond yields to receive relatively higher yields. 

Evidence of this channel can be seen from the spread of e.g. agency bonds and treasury bonds with 

similar maturities and defaults risks, which can be assumed to have similar properties due to instances 

like the Federal National Mortgage Association (FNMA) was placed in conservatorship in 2008, which 

means that the bonds issued by the agency (FNMA) was secured by the government in the same way as 

a government bond. This means the spread from the bonds can be argued only to differ in the amounts 

offered, which yield a way of quantifying liquidity premia.   
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Safety Premium Channel 

This channel can be seen as an extension of the market segmentation effect because it has its grounds in 

the preferred habitat theory of (Vayanos & Vila, 2009). The channel is evidence of some investors, who 

prefer safer assets even within the subspace of assets only concerning what usually would be defined as 

safe assets. As the QE program involves pressing yields across the spectrum of bonds, if it then is 

assumed, that the demand for the very safe assets is larger compared to the less safe assets, one would 

expect the safe segment to increase in price more than compared to the less safe segment of bonds 

because of the way that the segmentation effects appear. This means that the QE and the safety 

premium channel lowers yields less for the less safe bonds compared to the safer bonds.  

This effect can be observed through (Krishnamurthy & Vissing-Jorgensen, 2011) which finds it 

empirically as the difference between agency bonds yield changes and the 24 month Federal Reserve’s 

Funds Rate futures contract yield. Furthermore, they state that the safety channel goes against the 

effects caused by the liquidity channel and elaborate that the safety effect is visible in the corporate 

markets as well. It is exhibited as so, by the difference in yield changes of Aaa-rated bonds’ yields 

adjusted using Credit Default Swaps (CDS) compared to CDS-adjusted Baa-rated or B-rated bonds’ yields. 

(Krishnamurthy & Vissing-Jorgensen, 2011) further elaborate that the same effect is found in other 

rating classes but not as evidently and lastly, they confirm the safety channel is present in the case of 

agency bonds compared to Aaa-rated corporate bonds.  

Default Risk Channel 

This channel serves as the broad spectrum of default risk related effects, caused by the QE program. Its 

main logic is, that the ECB may be successful in stimulating the economy through the QE program which 

may lead to a decrease in default risk among corporations as well as decreasing amounts of lower credit 

rates being given. Furthermore, as (Krishnamurthy & Vissing-Jorgensen, 2011) describes, then investors’ 

risk aversions may decline as the environment becomes friendly towards risk taking as a result of the 

stimulated economy. This will result in lower default risk premia.  

(Krishnamurthy & Vissing-Jorgensen, 2011) measures this evidence as the change in the credit default 

swap (CDS) spreads, which lay the foundation for the default risk faced by the bond, as previously 

explained. They use different CDS maturities spread and measure it across different bond ratings. They 

finally conclude that bonds with higher credit risk, i.e. lower ratings, experience the largest fall in CDS 

spreads.   
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Inflation Channel 

The inflation channel addresses one of the more critical parts of this paper. It addresses the fact, that 

the QE program may lead to increased inflation as stated in the ECB’s overall target and thus, as part of 

the motivation for the entire program. As long as it affects inflation expectations, it may be assumed to 

have an effect on the interest rate level (because benchmark interest rates are set in accordance with an 

inflation target). This paper will examine how the inflation expectations have been affected by QE. For 

now, however, (Krishnamurthy & Vissing-Jorgensen, 2011) propose other ways of first deducing 

empirically what the inflation expectations along with the rate on inflation swaps are and then using 

those to examine the effects. Inflation swaps can be seen as insurance one can purchase in order to 

hedge against inflation changes. They propose to look at the relationship between nominal government 

bond yields and government treasury inflation protected securities (TIPS), which include these inflation 

swap agreements. The bonds are then normalized using CDS spreads again, which yield a significance 

effect between the government bonds and the TIPS.  

Furthermore, (Krishnamurthy & Vissing-Jorgensen, 2011) propose that the QE program may increase or 

decrease the uncertainty of future inflation levels, which would show up as the volatility term on 

options on inflation swaps, which can be deduced using regular derivative pricing models, such as Black-

Scholes’s option pricing methods.  

Additionally, (Gambetti & Musso, 2017) argues that the inflation channel also can be seen as a sub 

channel of the signaling channel because of its influence on the expectations of the program’s ability to 

change future inflation i.e. inflation expectations turning into observed inflation. This influence arises 

from the credibility of the central bank, both in terms of its ability to conduct a proper quantitative 

easing program but also in terms of choosing measures that will help reach the target inflation level.  

Direct Pass-Through Channel 

The direct pass-through channel stems from the fact, that programs like the ABSPP may likely induce 

price increases on the targeted assets, which spurs initiative from the banks to produce more of them 

thus leading the banks, in this case, to ‘produce’ more lending which is securitized.  

The channel in question in this regard, is easily understood since it follows simple supply and demand 

theory. This means, that the channel can be quantified through observing volumes and prices of the 

targeted asset of the quantitative easing program and holding them up against the entire asset in 

question. A lagged effect will likely be exhibited due to the demand from the ECB increasing over time 
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and thus, creating an effect over time as well. This paper will only rely on previous papers like (Breedon, 

Chadha, & Waters, 2013) from which it can be seen, that the relevance is confirmed. 

This channel remains significant in regards to this paper as the analysis will investigate the relationship 

of one of the main targeted asset classes of the quantitative easing program. 

Implications of Event Studies 

Overall, the measures used to investigate QE programs and their channels are subject to event studies, 

which, inter alia, deal with isolating events to measure them correctly. This poses to be a great challenge 

due to the dynamics of the real economy. Often, it is hard to justify certain movements, and as such, 

financially engineering the correct solution can be very difficult and subject to error. As such, all the 

channel evidence proposed in this section is to be seen merely as a proposal on how to investigate it 

further and as general evidence of the specific effects of a QE program. Lastly, the parts described here 

are also to be taken as further elaboration of the complexity and extend of a QE program and why and 

where the limitations of the evidence on QE programs arise.  

An example of the hardships faced when dealing with event studies can be deduced from the following 

quote in regard to measuring (T)LTROs: 

“There is a great deal of non-LTRO economic news over the LTRO period that complicates inference. In 

Italy, Mario Monti unveils a fiscal plan of austerity on December 5, 2011 that appears to significantly 

impact asset prices. In Spain, Mariano Rajoy introduces a fiscal plan on December 19, 2011 that appears 

significant. There is further news regarding these plans and whether or not they will be passed that 

arrives over this period that likely have important effects on asset prices.” (Krishnamurthy et al., 2017) 

It is evidence of unwanted effects taking place in the economy which can distort results and are hard to 

take into account, both before and afterwards, as they pose very unsystematic changes to market 

prices.  
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Method 

Outline 

The First Part of Data Processing 

To best conduct a thorough analysis, proper data needs to be relied upon. In order to gather that data, it 

is first and foremost needed to get a clear idea of, what data would prove useful later on. To do that, an 

analysis targeted to finding out, which individual data sets could best describe the changes in the 

relevant variables is conducted. This means that apart from gathering data concerning the quantitative 

easing program, such as central bank balance sheet data and government bond data additional data is 

gathered ranging from a series of Europe-based benchmark rates to inflation statistics. Although not all 

data has been utilized within the analysis, it has both benefitted to the general understanding of 

handling fixed income products and serving as a hedge against not collecting possibly useful data. 

After the data has been gathered and the preliminary analyses has determined the proper variables to 

check, it is time to structure the data to, as purposefully as possible, yield the sought-after results in the 

most correct way. Topics within the data that needs alignment is formats, dates and to normalize the 

data, which will be elaborated on within the paragraph regarding data.  

When this has been done, relationships among the data can be determined and adjustments based on 

the found relationships can be made, to enhance the results in the most correct way as possible.  

The Second Part of Data Processing 

Now that the relationships have been determined, the analysis progresses by eliminating irrelevant 

components and, as such, enhance the relevant components. This is a crucial step towards determining 

how to replicate the government bond yields, because the relationships indicate how to dismantle the 

government bond yields. If the data proves relevant for the yield, it must have a relationship with it. In 

regression terms, one can say that if the variable in question holds a significant explanatory power over 

the government bond yield, then it can be argued to be a part of the yield. When the relevant 

components have been determined, the parts can be assembled in different ways, to replicate the 

bonds, which then finally can be analyzed to take the quantitative easing into account and replicate the 

bonds as they would have looked, without the interference of the European Central Bank.  

This yields an interest rate value which the individual bonds can be held up against and thus this enables 

for finding the difference which appears to have been caused by the quantitative easing performed. The 
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differences can then be assumed to converge when the quantitative easing stops, and thus, these 

differences can then be combined into a theoretical portfolio to be traded upon. The portfolio will be 

assembled based on certain criteria which will revolve around a relative value strategy, which entails 

both long and short positions in order to exploit the price differences found in the government bonds. 

The individual positions and their sizing within the portfolio will be determined based on principles of 

hedging, with the chosen strategy to be hedged against the credit risk and interest rate risk of the 

bonds. 

In the end, the analysis will be left with a solidly founded strategy based on exploiting an economic-

sensible proposal regarding sovereign bonds based on the countries within the Euro-zone which were 

targeted by the quantitative easing performed by the European Central Bank. The investment 

opportunity will further be exposure-neutral towards the credit element of the bonds and to the 

interest rate element. Thus, the resulting portfolio will be fully hedged to risk factors not sought to be 

exploited as part of the strategy.  

Data 

The data for this thesis will constitute market data regarding government bonds, balance sheet data 

from the ECB, benchmark rates within the Euro-zone, expected and realized inflation numbers and 

credit default swap spreads. As no single database has all the wanted data stored, several sources will 

be used and thus, much data handling is needed. This paper will not provide a study into the reliance or 

handling of the gathered data and as such, the validity of the gathered numbers based on others’ 

information is assumed to be trustworthy. Further in relation to that, the inflation values gathered in 

both realized and expected terms will be officially posted numbers denoted by major European 

institutions, which of course enhances the trust towards this data. 

Data gathering 

The data collected for use in the analysis solely includes data for Euro-zone countries targeted by the 

ECB’s QE program and as such all data sourced stems from countries using the Euro as its respective 

base currency, it is already aligned for possible currency interference.  

The time period of the data collected spans from the beginning of 2008 until the cutoff period in fall 

2017 for all variables. However, the variables collected have varied in frequencies as will be elaborated 

on later. Further distinctions have been made as well, which also will be elaborated on.  



Page 66 of 149 
 

Yield Data 

The yield data gathered serves as one of the main variables and as such, are critical for the analysis as 

respective yields ultimately lay the foundation for the determination of the portfolio construction and 

relative value strategy implemented in the latter part of the analysis. 

Government bond yields gathered for the time frame specified have been extracted by utilizing the 

government bond yield database of Investing.com. This choice of source is due to several factors. Firstly 

investing.com as a source allows for the extraction of average maturity yields, which significantly 

reduces the data processing time in order to prepare data for analysis. Furthermore, Investing.com 

provides a simple and intuitive way of extracting the data compared to other sources and in the case 

where data is to be extracted for many bonds over many maturities such as in this paper, simplicity and 

ease of extraction is a key measure. 

Table 2: Government Bond Yield Data 

As the above table shows, maturities across countries differ. This will make it harder to confidently 

compare the yields of the bonds across the different countries. However, some of the bond maturities 

are also shared across the countries, which will make them more central in the further analyses. 

The frequency of the yield data extracted on a monthly basis.  

Balance Sheet Data 

The balance sheet data collected as part of the quantitative easing program of the European Central 

Bank will be useful in a number of ways as well, being a central element of this thesis. As the 

quantitative easing consists of asset purchases conducted by the ECB as a whole through individual 

2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 Year 15 Year 20 Year 25 Year 30 Year

Belgium X X X X X X X X X X X

Spain X X X X X X X X X X X X

Portugal X X X X X X X X X

Netherlands X X X X X X X X X X X

Italy X X X X X X X X X X X X

Ireland X X X X X X X X

Greece X X X X X X

Germany X X X X X X X X X X X X

France X X X X X X X X X X X X

Finland X X X X X X X X

Austria X X X X X X X X X X
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member states’ national central banks (NCB) a useful way of monitoring the purchases is to monitor the 

balance sheets of the mentioned institutions. As such, the data gathered on the QE program consists of 

balance sheet data both from individual NCBs and the ECB as an aggregated whole. This data will be 

central in determining the method used by the ECB in their handling of QE and likewise to quantify the 

effects on the government bonds and inflation. 

The data has been gathered from the European Central Bank’s database, which enhances the validity of 

it. It has been extracted through the ECB’s website.  

The data consists of balance sheet data from the NCBs of the following countries: 

 

Table 3: Central Bank Balance Sheet Data 

The data has been extracted on a monthly basis. 

Deposit Facility Rate 

A benchmark rate, the Deposit Facility rate, from the ECB constitutes a response to the problem of 

indicating the general interest rate level of the economy as a whole within the Euro-zone. It will mainly 

function towards dismantling and building yields, and as such, functions as a component of determining 

the yields. The rate denotes the offered rate by the ECB to hold deposits on an annualized overnight 

basis.   

The rate is the same across the Euro-zone and being an ECB benchmark rate, is created and handled by 

the ECB and the data is as such from the ECB. It is also extracted on a monthly basis.  

Expected Inflation 

The expected inflation data serves as the inflation outlook of the individual NCBs and will be used as a 

variable to test the influence of QE. The expected inflation numbers are gathered as quarterly 

predictions on the coming four years of individual annual inflation data.  

The data has been collected from each NCB through different reports and tables as indicated in the 

bibliography. As the data originates from each national central bank, it enhances the validity of the data.  

The data has been gathered for the following countries: 

European Central Bank (ECB) Germany, NCB France, NCB Italy, NCB

Austria, NCB Spain, NCB Greece, NCB Netherlands, NCB

Belgium, NCB Finland, NCB Ireland, NCB Portugal, NCB
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Table 4: Countries with Expected Inflation Data 

Credit Default Swap Spreads 

Credit default swap (CDS) spreads will be gathered to indicate the cost amount of insuring a country’s 

debt. This will serve as the credit element of the government bond yields in the analysis. The CDS 

spreads denote the annualized rate which must be paid to insure an amount worth of debt in five years, 

which is the common time frame for standardized CDSs. Sovereign CDS spreads have been gathered 

from the Bloomberg Terminal database. This provides validation on the data, as it has been gathered 

from a well-known and respected source, such as Bloomberg.  

The data has been gathered on a monthly basis from the same countries as for the expected inflation 

tables above. 

Data Structuring 

Aligning Data 

Most of the collected data has been extracted on a monthly basis, which does not need further 

alignment than to secure what data was available on which dates i.e. start of month values should be 

matched with end of month values of the former month, given end-of-month values are targeted. The 

expected inflation data was extracted on a quarterly basis, however, the alignment has assumed the 

data to be consisting on a monthly basis through the quarter of announcement i.e. the months in the fall 

quarter all have the values of the fall quarter.   

Normalizing Data 

In order to highlight the actual relationship between two variables, it is important to eliminate other 

factors in the data and as such, make sure that the two are comparable and that the relationship is built 

on genuine structures of the data. In such way, it is important to normalize the data, which means to 

take trends out of the data. This will mitigate the issue of spurious regressions.   

All collected independent variables have been normalized by neutralizing any trends in the data by 

taking the first difference of the period within the data. In other words, the normalizing has been done 

by matching the changes in the data as opposed to the clean figures. This has proven to make the data 

stationary and as such, comparable to each other. Other methods could include assuming an 

Belgium Netherlands Greece Finland

Spain Italy Germany Austria

Portugal Ireland France
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exponential relationship over time which was tested as well for the yields. This, however, would create 

conflicts by comparing changes in one factor to actual figures in another which have been assumed 

exponential over time.   

Models 

In the following section the focus shifts from gathering and handling data to describing the model tests 

performed on the data. 

Regressions 

This section will clarify how the foundation for the relationships are constructed. This will be done 

through model testing the data gathered. The constant has been included in the regressions but only 

since it absorbs the bias constructed by best fitting a line across the data. However, as this serves as the 

sole reason, it is as such difficult to interpret anything of value from it and it will thus not be discussed 

further. 

QE and Yields 

To provide quality on the relationship between the European Central Bank’s quantitative easing 

program and the government bond yields, a model will be assembled and used to test it. Thus, from the 

model, it will be clearer whether a relationship can be justified empirically as well.  

The model will be run as: 

𝑌𝑐,𝑚,𝑡 = 𝑎𝑐,𝑚 + 𝑏𝑐,𝑚 ∗ 𝑄𝐸𝑐,𝑡 + 𝑒𝑐,𝑚,𝑡 

Where Y is the change in yields for c, country to m, maturity and t, time. QE denotes the balance sheet 

change for c, country at t, time. a is the intercept, b is the coefficient and e is the error term.  

The model will be run for all countries and maturities in the gathered data to estimate if there are areas 

of the data, which corresponds less well with the proposed relationship. Furthermore, the different 

countries and maturities can also provide insight into the different effects, QE has had on the different 

asset segments and thus, on the economy. 

QE and Expected Inflation 

Another focus point of this thesis is to investigate whether QE has had an effect on the inflation outlook 

as measured by the expected inflation. This will be interesting because it may help indicate that QE has 

economically benefitting effects, by lifting inflation forecasts closer to the goal of the ECB.  
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This model will be run as: 

𝐸[𝑖𝑡]𝑐 = 𝑎𝑐 + 𝑏𝑐 ∗ 𝑄𝐸𝑐,𝑡 + 𝑒𝑡 

Where the same notation follows as from above with the difference of E[i] denoting the expected 

inflation of c, country for t, time.  

The model will be run for all countries and their individual expected inflation forecasts.  

Expected Inflation and Yields 

The last quality-proving model that will be utilized in this thesis is the following, where the inflation 

outlook will be tested if it has a relationship with the government bonds. 

𝑌𝑐,𝑚,𝑡 = 𝑎𝑐,𝑚 + 𝑏𝑐,𝑚 ∗ 𝐸[𝑖𝑡]𝑐 + 𝑒𝑐,𝑚,𝑡 

Which follows the same notation as described above.  

This model will be tested across all countries and maturities available in the data, which will provide an 

indication about how the yields are constructed across Europe in regard to the inflation outlook 

component.  

Shadow Yields 

The last part of the first half of the analysis involves the computation of shadow yields, being the 

government bond yields, which are constructed to function as if there was not any QE anymore. This 

subsequently provides the foundation for the construction of the relative value portfolio in the second 

part of the analysis. Using the defined expression for government bond yields covered in the theory of 

this paper enables for the computation of shadow yields defined as the following: 

 

𝑆𝑌𝑐,𝑚 =
𝑌𝑖𝑒𝑙𝑑𝑐,𝑚

𝑠𝑡𝑎𝑟𝑡 −
𝐸[𝑖𝑓]𝑐,𝑡

𝑠𝑡𝑎𝑟𝑡

𝑛 − (𝐷𝐹𝑠𝑡𝑎𝑟𝑡 − 𝑖𝑟
𝑠𝑡𝑎𝑟𝑡)

𝐶𝐷𝑆𝑐
𝑠𝑡𝑎𝑟𝑡 ∗ 𝐶𝐷𝑆𝑐

𝑒𝑛𝑑 + 
𝐸[𝑖𝑓]𝑐,𝑡

𝑒𝑛𝑑

𝑛
+ (𝐷𝐹𝑒𝑛𝑑 − i𝑟

end) 

 

Here the model follows the above notation with addition of SY denoting shadow yields, DF denoting the 

Deposit Facility rate and start and end denoting the start and end of the period investigated respectively 

(January 2008 and September 2017), f denotes the periods forecasted and n denotes the number of 

periods forecasted and lastly, 𝑖𝑟 denotes the realized inflation. 
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This amounts to  
𝐸[𝑖𝑓]𝑐,𝑡

𝑠𝑡𝑎𝑟𝑡

𝑛
 being the “inflation outlook” and the entire 

𝑌𝑖𝑒𝑙𝑑𝑐,𝑚
𝑠𝑡𝑎𝑟𝑡−

𝐸[𝑖𝑓]𝑐,𝑡

𝑠𝑡𝑎𝑟𝑡

𝑛
−(𝐷𝐹𝑠𝑡𝑎𝑟𝑡−𝑖𝑟

𝑠𝑡𝑎𝑟𝑡)

𝐶𝐷𝑆𝑐
𝑠𝑡𝑎𝑟𝑡  

being a measure of “yield per credit risk” which is assumed to encapsulate some of the portfolio re-

balancing and segmentation effects across the countries. This follows the assumption that the same 

investors will have the same restrictions over time and that inclinations towards certain bonds remain 

the same.  
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Analysis Part 1: Determining Relations and Building Shadow Yields 

This subsection serves as the first half of the analysis and covers the results obtained in regard to the 

computation of respective Euro-zone shadow yields. These shadow yields serve as key elements in the 

second part of the analysis, which deals with the construction of this paper’s theoretical relative value 

portfolio. This subsection presents the summary statistics for relevant variables, which serve as essential 

components for the construction of shadow yields. Summary statistics will cover the following variables: 

• Monthly QE (as implied by NCB balance sheets)16 

• Yields (end of month values across sample period) 

• Expected inflation (quarterly mean estimates for coming years) 

• CDS spreads (end of month values across sample period) 

Yields, CDS Spreads and Expected Inflation before QE 

Government bond yields across maturities and countries period differ to varying degrees at the start of 

the data sample. The yield curve for all countries at the start of the period can be seen by looking at 

figure 10 below.  

 
Figure 9: Term structure of Euro-zone countries pre-QE – source: Own creation 

Term structures across the Euro-zone are upwards sloping i.e. the yield curve takes on a normal shape 

for most countries. Assessing countries individually, it is worth noting that although most of them are 

characterized by normal upwards sloping term structures, Greece and the Netherlands exhibit a 

downwards sloping term structure on certain parts of the curve i.e. yield differentials are negative. This 

                                                           
16 *NCB = national central bank 
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is the case between the yield of the 10-and 20-year Greek yield and between the 4-and 5-year Dutch 

yield. 

Looking at yield differentials across term structures, it is worth observing that these vary significantly 

across the individual countries. The yield differential being the differential between two yields of the 

same country varies depending on which country is observed and figure 11 below illustrates these yield 

differentials at the start of the data period in 2008 before the initiation of QE. 

 

Figure 10: Euro-zone yield differentials pre-QE – source: Own creation 

 

In regards to yield differentials of Greece and the Netherlands it is interesting to notice that their yield 

curves are characterized by a relatively large positive yield differential between maturity three to four 

and 20 to 25 respectively, which is interesting as these increases in differentials occur right before the 

downwards sloping part of their curves. 

The observed yield differentials across the Euro-zone pre-QE are interesting for several reasons. Firstly, 

as government bond yields have been defined as being equal to the product of the short rate, the 

inflation component as well as a risk premium, the observed yields and yield differentials pre-QE can 

imply a variety of factors and market expectations and characteristics. The expectation hypothesis 

component seen as the market implied future short rate including country specific inflation measures 

can based on the data imply uncertainty in regard to future expectations of real short rates. In other 

words, a negatively sloped yield curve for certain countries can imply a decreasing expectation of future 

real short rates which according to the theory can coincide with an economic downturn.  

Secondly a variation in same maturity yields across collective maturities can imply a decrease in other 

risk premium components such as the default risk premium. This can be caused when certain maturities 
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are associated with larger credit risk such as in the case where relative large amounts of debt are due at 

a given maturity. 

The variation in yield differentials between countries can be due to differences in expected or realized 

inflation and/or country specific variation in credit risk as implied through part of the risk premium. 

Furthermore, these can also be caused due to a shift in respective government bonds being targeted by 

the asset purchase program of the ECB. From the theory of yields defined as the path from which the 

ECB sets its short rate, differences in same maturity yields in absolute terms largely must be due to 

differences in inflation and/or risk premium. For all yields observed, part of the risk premium for 

respective yields along the term structure can be due to subcomponents associated with an increasing 

time to maturity such as a term premium.  

The interesting part pre-QE lies in the interpretation of yield differentials already touched upon. Pre QE-

yield differentials on average were positive throughout Europe implying positive expected real short-

term rates. Figure 12 below illustrates the ECB’s deposit facility rate relative to the German and Italian 

10-year yield throughout the sample period. German and Italian 10-year yields are chosen for illustrative 

purposes as proxies for low and high-risk sovereigns based on their respective CDS spreads. The ability 

to use these as proxies lies in the difference between these as the German CDS spread was trading at 

9bps at the beginning of the data period whereas the Italian was trading at 38.3 bps.  
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Figure 11: Italian & German 10-year yield vs. ECB deposit rate – source: Own creation 

It can be noted by figure 12, that the drastic cut in the short rate by the ECB in the fall of 2008 and 

subsequent initiation of the QE program resulted in bond yields which did not align with the market 

expectation of short rates at the beginning of the sample period at the start of 2008. As the definition of 

yields allows for many components to affect interest rate levels, the credit risk implied by way of CDS 

spreads enables for further insight into decomposing respective yields in the period leading up to the 

financial crisis and subsequent introduction of quantitative easing by the ECB, as the credit risk implied 

through CDS spreads serves as a component of yields. Based on the CDS spreads for standardized 5-year 

contracts it enabled the analysis to further analyze the initial relationship before initiation of QE 

between yields and the implied credit risk. Figure 13 below illustrates this relationship by comparing 5-

year Euro-zone government bond yields to standardized CDS contracts in the form of 5-year maturities.  
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Figure 12: CDS spreads and 5-year yields pre-QE – source: Own creation 

Assessing CDS spreads before QE and comparing those to 5-year government bond yields provides the 

observation that there does not seem to be any clear relationship between the perceived credit risk in 

the market and the respective yield level. At the very least, it can be stated that potential outliers have 

to be removed from the sample before any real relationship can be argued. This observation can be 

further examined by computing the correlation between CDS spreads and country specific yields. 

Computing the correlation between interest rate levels at a 5-year maturity and corresponding CDS 

spreads yields a correlation value of 𝜌 =  −0.1344. This supports the initial observation that there does 

not seem to be any significantly strong relationship between CDS spreads and interest rate levels at 

identical maturities across countries. For the Euro-zone-countries included in the sample and targeted 

by QE, the analysis is thus not able to initially connect yield levels to credit risk by way of observation. 
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These findings, while slightly surprising, do not change the definition of yields under which this thesis 

operates, as the credit risk implied by CDS spreads merely serves as a subcomponent of the overall risk 

premium which encapsulates several other types of risk as described, inter alia, through the channels of 

QE. Thus, other risk premia such as liquidity and segmentation premium components serve as significant 

factors in explaining the yield spreads between same maturity bonds across the Euro-zone also as 

described within the channels section.  

Besides the risk premium, the expected inflation part of the respective bond yields also has the potential 

to explain yield spreads across the Euro-zone should these deviate across countries. The expected 

inflation published by respective central banks and the European Commission in their respective 

macroeconomic projections and presented as computed average values of years forecasted can be seen 

in Figure 14 below. As described earlier in the data section, the measures for expected inflation are 

computed by averaging all projection values for each respective macroeconomic report and the 

illustration below shows the expected inflation measures for respective Euro-zone countries before the 

start of QE along with 5-year government bond yields. This relationship is illustrated as a ratio of the two 

variables. 
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Figure 13: Ratio of expected inflation and 5-year bond yields pre-QE – source: Own creation 

Figure 14 illustrates that there does seem to exist a somewhat distinct relationship between expected 

inflation and the corresponding 5-year interest rate. This relationship is interesting due to the fact that 

the ratio for all countries is above the ratio of 100 implying that the respective 5-year yield in fact 

contains the expected inflation.  The ratio does not vary significantly across countries (excl. Ireland) as it 

lies in the range between 150 and 200 for most countries.  It is additionally notable, that the ratio is 

positive for all countries, which is intuitive, based on the facts, that both expected inflation numbers are 

positive since the Euro-zone is not in a deflationary zone and likewise, credit risk cannot turn negative 

because it would imply that investors are paying in order to take on increased risk. Computing the 

correlation between country specific expected inflation and 5-year yields results in a correlation equal to 

𝜌 =  −0.3076. Furthermore, the data shows that the percentage of 5-year yields exceeding other 

countries’ yields, while also having greater expected inflation accounts for 72.73% of all countries pre-

QE. Thus, compared to the credit risk implied by CDS spreads the expected inflation initially seems to 

have a great significance in determining levels of government bond yields.  
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It is important to emphasize that this initial analysis of the relationship between CDS spreads and yields 

as well as expected inflation and yields merely has been performed on 5-year bond yields at the start of 

the sample period. Thus, this does not imply that these variables overall across the time frame of the 

data sample lack significance in explaining levels of respective government bond yields. An issue in the 

data makes a comparison of yields on an average level difficult as a significant amount of maturities for 

respective countries are not represented.  

With the possible bias of computed averages yields in-mind it can be more beneficial to simply asses the 

relationship between maturities which are represented and available for all countries within the entire 

sample. This refers to the 2, 5 as well as 10-year yield (excl. Ireland as no 10-year yield data is available). 

Figure 15 below illustrates the average yield computed by way of 2, 5 and 10-year yields as well as the 

respective countries expected inflation and credit risk.  

 

Figure 14: Average yield (10-yearr, 5-year, 2-year), CDS spread and expected inflation (excl. Ireland) – source: Own creation 

Using average interest rate levels of maturities with available data does not seem to paint a clearer 

picture of the relationship between Euro-zone yields and their respective components. Although there 

seems to exist a somewhat significant relationship between average yields and the expected inflation, 

this is not easily implied through the initial observations. Further it is interesting to note how close the 
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average yields lie compared to the expected inflation measures as well as the credit risk. This is also 

interesting due to the fact that the credit risk exhibits no clear level compared to the yields. While 

certain countries such as Italy, Greece and Portugal carry significantly greater credit risk as implied by 

CDS spreads these also are characterized by larger expected inflation compared to countries with lower 

implied credit risk. While this is the case for countries with significantly greater credit risk it does not 

apply to all countries as the Netherlands, Austria and Germany are characterized by a relatively low 

expected inflation compared to credit risk.  

Yields, CDS Spreads and Expected Inflation during QE 

This subsection will deal with the development of yields; expected inflation as well as credit risk during 

QE and analyze the implementation of QE and its initial noticeable relationship to key variables.  

Before conducting the model tests specified, the implementation and subsequent effect of quantitative 

easing will be illustrated as well as summarized in descriptive terms by assessing and interpreting the 

development of the different variables throughout QE’s lifetime.  

Below, the total combined amount of assets on the balance sheet throughout the Euro-zone is 

illustrated along with the Italian and German 10-year yield. The assets take individual central bank 

holdings as well as the ECB’s holdings into account. 

 

Figure 15: Balance sheet assets and yields – source: Own creation 
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Assets held on central bank balance sheets have been significantly increasing in the period following the 

financial crisis in 2008. Asset purchases accelerated in 2011 and balance sheets grew consistently until 

mid 2012 when central banks started allowing debt to mature without replacing it, which means, that it 

allowed assets to be removed from their respective balance sheets resulting in a significant decrease in 

NCB assets throughout the region. This decrease in assets continued until March 2015 when the ECB 

initiated its public-sector purchase program (PSPP). Since then, assets held by central banks within the 

Euro-zone have grown to over 7 trillion euro at the end of the data period or in other words, the balance 

sheet has more than tripled through the investigated period of almost 10 years.  

 

 

Figure 16: Monthly and 6m average monthly changes in NCB assets – source: Own creation 

Figure 17 illustrates the changes on a monthly basis along with the six-month moving average of 

monthly changes in NCB assets. It is worth noting that monthly changes in balance sheet assets are 

rather volatile throughout the period. Changes are predominantly positive which is intuitive due to the 

increase in total assets of the balance sheet over time. Building upon figure 16 it is worth noting the 

sharp monthly decline in assets towards the end of 2012 as well as the sharp increases in spring of 2015. 

The sharp decrease towards the end of 2013 was preceded by large increases, which can be attributed 

to the ECB’s effort to combat the European debt crisis.  

Returning to figure 16 it is very interesting to notice the path of the two leading 10-year yields as 

balance sheets throughout the Euro-zone increased. Towards the end of 2011 as the debt crisis unfolds 

and assets are added to central bank balance sheets, the Italian 10-year yield serving as a proxy for 

riskier sovereign debt increases while the German 10-year yield serving as a proxy for safer sovereign 
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debt decreases slightly over the course of the time frame. This proves remarkable and un-instinctual as 

they both are major European countries with roughly the same exposures to credit-risk affecting 

elements.  

Following mid 2012, as balance sheets are reduced significantly the Italian 10-year decreases 

considerably while the German 10-year remains somewhat flat. It is interesting to note that the 

correlation between the Italian and German 10-year seems to increase at the beginning of 2014 as both 

yields proceed to significantly decrease. Specifically, it can be noted that the significant drop in yields 

occurs before the initiation of the public-sector purchase program (PSPP) in March 2015. This could 

indicate a signaling effect like forward guidance taking place when the program was announced. Yields 

seem to be highly correlated and flat for the period spanning the last two years of data although NCB 

and ECB assets increase significantly throughout the same period.  

Investigating the relationship between the two indicates further intriguing results, as the correlation 

between the average yield of the two respective interest rates and balance sheet assets equals 𝜌 =

 −0.6183. Thus, it seems like there exists a somewhat strong relationship between yields and central 

bank asset purchases as under QE. These results will be further investigated by estimating the specified 

model tests later on.  

As asset purchases throughout the sample period seem to have had a significant impact on government 

bond yields, it is interesting to analyze to what extent the implied credit risk as well as expected inflation 

has developed throughout the same period. As in the case with yields in figure 16, the countries used as 

proxies to illustrate this are Germany and Italy. Figure 18 below illustrates the relationship between 

asset purchases within the Euro-zone and credit default swaps for Germany and Italy.  
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Figure 17: National central bank assets (ECB & NCB’s) and CDS spreads (Germany, Italy) – source: Own creation 

Several observations can be made by looking at figure 18. First, it can clearly be noted that CDS spreads 

increase around the European debt crisis when asset purchases were increased. This increase in CDS 

spreads was significantly more pronounced for Italian sovereign debt, which is very intuitive and rational 

as the debt crisis predominantly increased yields of countries with greater debt to GDP ratios and 

particularly took place in southern Europe.  

Comparing yields throughout the data period plotted on figure 16 with the CDS spreads plotted on 

figure 18 leads to the observation, which is that yields and CDS spreads tend to move similar to each 

other throughout the data period. This, however, seems to be more pronounced during specific time 

periods throughout the data period as a whole and while yields were significantly higher at the start of 

the period compared to the end, the opposite seems to be the case for CDS spreads. Italian CDS spreads 

traded at around 150 bps at the end of the period while they were merely trading at 40 bps at the start 

of the period. Yields, however, were significantly greater pre-QE as the 10-year yield was trading at 

above 4%. For Germany this difference is also considerable as the 10-year was trading slightly above 4% 

at the beginning of the data period with the CDS market simultaneously pricing in relative low implied 

credit risk of 9bps. At the end of the data period the German 10-year yield has dropped to below 1% 

while the CDS spread on German sovereign debt has increased to 14bps.  

These observations are very interesting, as this indicates that the credit risk implied through CDS 

spreads with respect to government bonds does not significantly contribute to the interest rate level in 

periods, with a perceived calm environment in bond markets. As can be seen by observing CDS spreads 
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and yields around 2011 and 2012, there seems to be a much stronger correlational significance around 

this time period when CDS spreads increase sharply. While CDS spreads for both Germany and Italy 

increase significantly during this period, the directional changes are very intriguing as the Italian yield 

increases while the German yield decreases. Thus, although the credit risk for Germany in this case 

increases through the implied CDS spreads, the interest rate level decreases, which at first does not 

seem rational due to the fact that a larger credit risk should result in greater yields ceteris paribus. 

During the debt crisis however, the assumption of all other factors remaining equal is questionable, as 

other components contributing to a given yield must be assumed to differ as well. This is also supported 

by the theory referred to previously, as yield components tend to have self-enforcing effects applied to 

them. Some subcomponents of the risk premium which could contribute to the decrease of German 

yields observed include the segmentation effect i.e. a segmentation of the market and market 

participants resulting in a shift in supply and demand forces. Thus, safer sovereign debt, although pricing 

in higher absolute risk, could trade at a lower yield due to it being more favorable compared to other 

sovereign debt.  

Initially these observations as a whole indicate that, although credit risk as a defined subcomponent of 

risk premium affects interest rate levels to a certain extent, this relationship seems to be more 

pronounced in a more volatile market environment such as during the debt crisis seen in 2011.  

Besides observing the relative CDS spread to Euro-zone total assets, another interesting relationship 

worth illustrating is the path of central bank expected inflation alongside the respective asset holdings 

within the Euro-zone. Figure 19 below illustrates the path of Italian and German inflation expectations 

along with the total ECB and NCB assets. 
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Figure 18: National central bank assets (ECB & NCB’s) and expected inflation (Germany, Italy) – source: Own creation 

The first noticeable observation is, that for the two respective countries chosen as proxies for different 

risk categories the expected inflation throughout the data period seems to be highly correlated. 

Although expected inflation seems to move in lockstep between the two countries the forecasts in 

absolute terms is greater for Italy throughout most of the data period. This initial observation will be 

analyzed and discussed further in the model tests of the following section which will include an 

estimation of expected inflation based on QE purchases.  

With respect to the relationship between expected inflation and QE, an interesting observation is the 

seeming strongly correlated relationship during certain parts of the data period and the equally strong 

lack thereof during other time periods. It can further be observed that the inflation expectations are 

increasing during the initial significant increase in assets throughout 2011 and 2012 and subsequently 

decrease as assets on central bank balance sheets decrease as well. Initially this indicates a significant 

relationship between expected inflation and asset purchases for part of the data period as this 

relationship seems to be non-existent after the initiation of the public-sector purchase program (PSPP) 

in 2015. The expected inflation for both countries has remained roughly flat with no clear trend while 

the asset purchases have increased considerably throughout the same time frame.  

Model test results 

Now the second subsection of the first part of the analysis will be initiated and it will deal with the 

analysis and discussion of the model estimates retrieved for the model tests defined in the models-
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section. To elaborate on what is to be analyzed, these model tests include QE’s impact on expected 

inflation and government bonds yields as well as the effect of expected inflation on government bond 

yields.  

As outlined earlier, the subsequent subsection will deal with the computation of shadow yields which 

subsequently serve as the foundation for the portfolio construction in the second part of the analysis.  

Model 1 | QE’s Impact on Government Bond Yields 

Building further upon the first section of the analysis, the relationship between QE and government 

bond yields is sought to be analyzed and, as such, the respective model defined in the methodology is 

estimated in order to provide greater insight into both the data used and the analysis as a whole. By 

estimating the model defined for all Euro-zone countries based on their respective central bank asset 

purchases the following coefficient estimates for all maturities considered.  

Table 5: Coefficient estimates for model 1 

The above coefficient estimates show that, depending on which country the estimation is performed on, 

the coefficient estimate will vary with respect to the directional effect it has on the respective yield. It 

can be understood as, one (thousand) added in QE will results in the above coefficient change in yields.  

The directional effect varies a lot across countries whereas the effect on maturities amongst individual 

countries only varies slightly within countries. Austria and Belgium are characterized by negative 

coefficients implying a decrease in yields based on increased QE. Furthermore, it can be noted that the 

German 15-year yield has a negative coefficient as opposed to its general level within other maturities. 

As the previous section did not provide a clear picture of the relationship between yields and QE, these 

coefficient estimates do not seem to improve the ability to expand on the summarized descriptive of 

part 1. 

The results imply that although the directional effect varies throughout QE targeted countries, the asset 

purchase program does not seem to impact longer or shorter maturity bonds to a relative greater 

Country Coef_2y Coef_3y Coef_4y Coef_5y Coef_6y Coef_7y Coef_8y Coef_9y Coef_10y Coef_15y Coef_20y Coef_25y Coef_30y

Belgium -0.0044% -0.0040% -0.0045% -0.0036% -0.0039% -0.0041% -0.0045% -0.0050% -0.0047% -0.0055% -0.0051%

Spain 0.0081% 0.0078% 0.0074% 0.0070% 0.0069% 0.0063% 0.0059% 0.0055% 0.0054% 0.0049% 0.0040% 0.0036%

Portugal 0.0771% 0.0726% 0.0710% 0.0726% 0.0662% 0.0696% 0.0690% 0.0707% 0.0018%

Netherlands0.0076% 0.0079% 0.0097% 0.0081% 0.0081% 0.0087% 0.0095% 0.0100% 0.0102% 0.0102% 0.0114%

Italy 0.0105% 0.0111% 0.0111% 0.0116% 0.0116% 0.0121% 0.0122% 0.0124% 0.0127% 0.0132% 0.0023% 0.0139%

Ireland 0.0135% 0.0132% 0.0124% 0.0077% 0.0129% 0.0136% 0.0199% 0.0004%

Greece -0.2802% 0.1287% 0.1400% 0.1290% 0.7108% 0.0959%

Germany 0.0051% 0.0049% 0.0050% 0.0051% 0.0052% 0.0053% 0.0054% 0.0053% 0.0054% -0.0013% 0.0060% 0.0059%

France 0.0059% 0.0060% 0.0061% 0.0064% 0.0066% 0.0068% 0.0071% 0.0073% 0.0074% 0.0081% 0.0081% 0.0083%

Finland 0.0045% 0.0045% 0.0049% 0.0051% 0.0048% 0.0056% 0.0070% 0.0068%

Austria -0.0294% -0.0297% -0.0266% -0.0273% -0.0263% -0.0272% -0.0099% -0.0334% -0.0039%



Page 87 of 149 
 

extent. As QE is designed as a monetary measure to especially suppress and lower long-term interest 

rates which are less affected by changes in the short rate according to (Pedersen, 2015), these findings 

indicate that this is not the case although this should in fact be the case.  

Table 5 does not show this difference in coefficient size and thus it cannot be concluded that long rates 

are in fact impacted to a greater degree by ECB’s quantitative easing.  

Although the findings in table 5 illustrate a lack of diversified effect on different maturity yields across 

the Euro-zone, the effect of QE is still significant. This is illustrated by table 6 below. 

 

Table 6: T-statistics – Model 1 

For most maturities including the vast majority of French, Italian and German yields it can be observed 

that t-statistics indicate significance at a 95% confidence level.  This is especially the case for the French 

15-and 20-year yields as well as the Italian 10, 15 and 30-year yields. Thus, for most maturities within 

the sample it can be concluded that QE does in fact have a significant effect on yields. It can be noted 

that all countries are considerably significant with 9-and 30-year maturities having the largest t-statistics 

with 7.449 and 5.295 respectively. Especially the strong significance of 30-year yields is interesting as 

this indicates that although QE doesn’t affect long yields more than short yields in nominal terms, the 

effect of QE on long yields is more significant. This effect is not linear however, as increasing maturities 

aren’t accompanied by increasing t-statistics throughout the sample. Thus, although significance is 

highest for 30-year yields the significance for 20-and 25-year yields is lower than for specific short yields 

such as three and four-year yields in some cases.  

Another interesting observation is that smaller Euro-zone countries tend to be associated with a lesser 

degree of significance compared to central Euro-zone members. It can especially be noted that Belgium, 

Ireland, Finland and Austria are characterized by considerably lower t-statistics compared to Germany, 

Italy and France. This appears to be the case across the vast majority of maturities.  
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Turning to the explanatory power of the model expressed as the respective r-squared values it can be 

noted by use table 7, that QE’s significance varies considerably across maturities and countries. 

 

Table 7: R-squared values – Model 1 

Table 7 illustrates in the same manner as table 6 values for respective countries as well as the average 

country and maturity value. It can be noted that Germany, France and Italy have the largest average r 

squared values with 0.368, 0.441 and 0.349 respectively. This builds upon QE’s significance with respect 

to these countries, as QE in the case of France is able to explain up to 44% of changes in yields. Table 7 

also illustrates that QE in peripheral Euro-zone countries such as Portugal, Finland and Greece to a 

significantly lesser degree contribute in explaining changes in yields.  

With respect to the average explanatory power at different maturities it can be noted that this 

explanatory power is the highest for 30-year yields where 32.7% of changes in yields can be explained by 

changes in NCB assets. For 9-year yields this average explanatory power is 22.9% which represents a 

decrease of close to 50%. This difference in explanatory power supports the apparent greater affect QE 

has with respect to longer maturities. Furthermore with a few exceptions the explanatory power of QE 

tends to increase across maturities which especially is the case for Germany, France and Italy.  

Model 2 | QE’s Impact on Country-Specific Expected Inflation 

This section deals with the presentation and analysis as well as interpretation of model results for the 

second out of the thesis’ three models. The model as defined in the methodology will estimate the 

country specific inflation of Euro-zone countries by the monthly asset purchases of respective national 

central banks (NCB’s).   
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Table 8: Coefficient estimates, R-squared and t-statistic – Model 2 

The above table is made up of QE’s influence on expected inflation figures and illustrates the coefficient 

estimates of the model tests for all countries within the sample considered. The expected inflation 

figures are done in percentages whereas QE has been numbered as increases in balance sheets by 

thousands. This means, that for a one (thousand) increase in QE, expected inflation is predicted to 

increase by the above coefficient. As illustrated in table 8, coefficient estimates for all countries within 

the sample are positive in absolute terms. These results imply that for all countries the relationship 

between QE and expected inflation is increasingly linear. These findings are intuitive and align very well 

with the covered theory of expected inflation and monetary policy, as the overall consensus of initiating 

a program like the APP initiated by the ECB has been to increase inflation figures. As covered previously 

the ECB operates with a single mandate of maintaining price stability and as an unconventional 

monetary policy tool the QE’s program was initiated and altered throughout time in order to contribute 

as part of the overall monetary policy of remaining price stability by an inflation of close to 2%. This is 

strongly supported by the findings, as the coefficient estimates are positive for all countries while 

slightly varying in absolute terms. Interesting is also the fact that Germany and France have the lowest 

and third lowest coefficient value respectively, while smaller Euro-zone countries, specifically Portugal, 

Austria, Greece and Belgium account for the top four absolute coefficient values. Based on this the 

argument could be put forth that the asset purchase program under ECB’s QE to a great extent affects 

peripheral countries future expected inflation. While the data support this idea, it cannot clearly be 

stated as Finland and the Netherlands are characterized by the second and fourth lowest coefficient 

estimates.  

Country Exp_Infl_Qe_Coef

Belgium 0.0106%

Spain 0.0067%

Portugal 0.0304%

Netherlands 0.0040%

Italy 0.0054%

Ireland 0.0091%

Greece 0.0193%

Germany 0.0026%

France 0.0032%

Finland 0.0030%

Austria 0.0236%
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Table 9: R-squared and t-statistic – Model 2 

Moving on to the explanatory power of the model expressed as r-squared, the first striking observation 

is, that the explanatory power of the model achieves the highest value when estimated for Germany, 

Italy and France.  This is very interesting as the three largest r squared values in model 1 also belong to 

the same three countries. While this can indicate a variety of things or merely be a coincident, it allows 

for entertaining the connection of a link between QE & yields and expected inflation & QE in these 

specific countries. Model 3, which estimates government bond yields on expected inflation will be 

tested in the next subsection but for now the findings indicate an increase in causality between the 

factors of model 3. To further expand on the correlation of explanatory power between model 1 and 2, 

table 10 illustrates the respective r-squared values of both models as well as the individual and 

combined rank of highest R-squared values of the first model, being QE regressed on yields and R-

squared values of the second model, being QE regressed on expected inflation. 

Table 10: R-squared values (Model 1 & 2) and individual & combined rank 
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As can be observed by way of table 10, the rank between the two regression models seems to be 

related, as a large part of countries have equal or very similar rank estimations. For Germany, France 

and Italy, which in model 1 exhibited a large explanatory power, these have approximately the same 

rank, and thus explanatory power, in model 2.  

Although the r-squared values of model 1 and 2 do not align regarding rank throughout all countries, it is 

very noteworthy that the degree of explanatory power seems to be highly correlated thus implying that 

expected inflation as well as interest rate levels to a large part are explained by monthly changes in 

respective NCB assets. Denoted by asterisk (*) in table 10 are countries with considerable differences in 

r-squared values. These countries include Belgium, the Netherlands and Austria. Whereas QE has a low 

explanatory power with respect to yields in Belgium and Austria this explanatory power is significantly 

higher for the Dutch yields. On the contrary the degree of explanation of model 2 is considerably greater 

for Austria and Belgium compared to the Netherlands. It is interesting to note that only these three 

countries exhibit large differences in their R-squared values, which can indicate a clear relationship 

between the three parts, being QE, yields and expected inflation. 

Observing respective t-statistics in table 9 confirms the significance of all countries at a 5% level with the 

exception of Finland which is not significant. Thus, for Finland the null hypothesis of a coefficient equal 

to zero cannot be rejected whereas the remaining countries have significant model coefficients.  

Based on the average r-squared value across countries of 0.236 and an average t-statistic of 5.956 the 

model overall can be classified as fitting in estimating expected inflation throughout the Euro-zone.  

 

Model 3 | Impact of Expected Inflation on Government Bond Yields 

The third model of this thesis’ analysis will estimate the impact of country specific expected inflation on 

government bonds yields. This will present the analysis with maturity-specific estimates as well as 

country-specific estimates. Furthermore, as in model 1, individual country and maturity-specific 

estimates will enable for the dissection of model tests, which will enable the analysis to go even further 

into the relationships exhibited, which can provide information on which direction the quantitative 

easing program is going geographically, over which assets and if there are regions within the Euro-zone 

which exhibits larger sensitivity to change yields based on expected inflation.  

Estimating the model as defined in the methodology yields the following results for the coefficient 

estimates illustrated in table 11. 
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Table 11: Coefficient estimates – Model 3. 

The above table is made up of expected inflation’s influence on yield figures. The expected inflation 

figures are done in percentages and likewise is the yield data also denoted in percentages. This results 

in, that for a one (percentage) increase in expected inflation, yields are predicted to increase by the 

above coefficient for the country in selection. 

As can be noted by table 11, coefficient estimates in model 3 are characterized by a large variation 

across countries and a lesser degree of variation between maturities.  

With respect to average country estimates, the most noteworthy representatives are Belgium and 

Portugal respectively. Belgium has an average coefficient average across maturities of 87% whereas 

Portugal has a negative coefficient estimate of -23%. This, without factoring in respective r-squared and 

t-statistics, implies that an increase in expected inflation at monetary projection announcements has a 

positive effect for Belgium yields and a negative effect on Portuguese yields.  

Although most countries exhibit positive coefficient estimates, some countries, including Portugal, Italy 

and Ireland exhibit negative estimates, which, at first seems to be contradicting the theory. According to 

the defined expression of yields and its subcomponents a positive increase in the expected inflation 

measure should result in an increase in yields. This is not the case, however, for a smaller part of the 

sample. Possible explanations may include a different set of determinants and factors for expected 

inflation in respective countries, meaning that potentially, adverse changes in other factors dilute the 

data quality or, otherwise, meaning that there exist other factors which influence the relationship. Such 

a factor could be, that increasing expected inflation is seen as a sign of the economy doing better in the 

selected country, which increases willingness to invest in that country’s debt, which drives the price up 

because of more demand. Without going much further into an analysis of this, the argument could be 

put forth that countries with higher associated risk have yields which are more dependent on credit risk 

as a component compared to expected inflation. Thus, along the same lines, an increase in expected 

Country Infl_Coef_2y Infl_Coef_3y Infl_Coef_4y Infl_Coef_5y Infl_Coef_6y Infl_Coef_7y Infl_Coef_8y Infl_Coef_9y Infl_Coef_10y Infl_Coef_15y Infl_Coef_20y Infl_Coef_25y Infl_Coef_30y

Belgium 69.9781% 77.2252% 78.3104% 86.6134% 88.1623% 89.5814% 90.6016% 91.8709% 93.2479% 97.1352% 97.5339%

Spain 8.8954% 20.4809% 19.0569% 15.9537% 17.0841% 15.4791% 11.1877% 11.2992% 13.6497% 13.4077% 14.5911% 8.0813%

Portugal 91.1135% 1.9562% -11.7580% -43.6295% -63.1807% -70.0464% -78.4437% -82.8485% 41.5379%

Netherlands 6.9455% 7.9677% 11.8927% 16.1553% 4.1709% 16.1106% 17.1363% 16.1409% 16.0904% 16.0904% 18.4980%

Italy -29.0602% 44.6029% -15.5556% -12.1663% -13.9080% -11.8660% -9.3270% -6.7810% -3.5152% 7.5979% -6.1036% 10.0037%

Ireland -20.9363% -22.6925% -5.5890% 29.6419% -11.0874% -16.9877%

Greece -157.4224% 91.2985% 110.2154% 110.4390% 98.9596% 122.5727%

Germany 18.1979% 7.0933% 2.6145% 1.0472% -1.6872% -1.9175% 1.8948% 4.5258% 2.3210% -19.3367% -2.1335% 0.7927%

France 19.4970% 21.5706% 16.6508% 14.5010% 14.7920% 13.0622% 12.0685% 15.4107% 15.6411% 19.2398% 19.7805% 20.1760%

Finland 2.6984% -10.0337% -3.1858% -3.1345% 7.4322% 7.6574% 8.8205% 3.9673%

Austria 16.7028% 18.7913% 20.1357% 21.8165% 17.4714% 15.7381% 3.1312% 6.1804% -40.4138%
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inflation due to a fundamentally improving economy will decrease the credit risk associated more on a 

relative basis than it will increase the expected inflation. A contradiction to this and an argument against 

this is the coefficient estimate of Spain, which, as a country with higher credit risk, nonetheless, has a 

positive coefficient. 

To fully interpret the results of model 3 and be able to link country expectation inflation to government 

bond yields under the settings defined, the significance of coefficients as well as the respective r-

squared values must be analyzed, interpreted and discussed. Table 12 below illustrates the respective t-

statistics according to countries and maturities as well as averages of these. 

Table 12: T-statistics – Model 3 

Taking the output of model 1 & 2 into account, it can be noted that although these were shown to be 

significant for the clear majority of estimates this is not the case for the coefficient estimates of model 3. 

Applying the same differencing of expected inflation as in model 2 t-statistics of estimates are 

predominantly insignificant at a 5% level with the exception of Belgium. Model 1 yielded estimates for 

Belgium that on average over the entire yield curve were insignificant. Although a large fraction of 

coefficient estimates is positive and thus, aligning with the general theory of quantitative easing, the 

lack of significance puts the results in question and thus, the applicability of the model. Based on the 

output of model 1 & 2 the ideal findings of model 3 would be largely significant estimates with estimates 

for Germany, Italy and France being most significant on a relative basis amongst all countries. The actual 

model test implies that, although France exhibits significance at a 10% level, Germany and Italy only 

show marginal significances below 10%. This could mean, that the yields of these countries are largely 

controlled by other factors other than the expected inflation. An extension of this thinking, contradicting 

this argument could be, that the yield is not dependent on what the national central bank reports as 

expected inflation forecasts. 
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Turning to the r-squared values illustrated in table 13 the explanatory power of model 3 as a whole can 

be summed up to have very low R-squared values compared to the previous models. 

Table 13: R-squared values – Model 3. 

It can be noted, that all r-squared values in averages as well as in individual terms have explanatory 

powers of below 0.06 besides Belgium which is characterized by an average r-squared value of 0.29. 

Furthermore, it can be noted that the explanatory powers of country averages excluding Belgium is 

considerably lower than maturity averages. The model test results of model 3 do not seem very 

promising as the model overall is less fitting relative to model 1.  

The reason for model 3 not serving as a good fit compared to model 1 can take its grounds in several 

reasons, although based on the findings, the most obvious explanation is an incorrect choice in regard to 

specified model. Conducting model tests with specified lags in the expected inflation might yield better 

results and prove to be a better fit with respect to the explanatory power. As model 1 and 2 showed 

high degrees of significance for the vast majority of coefficients and this then implied a significant 

relationship between yields & QE and expected inflation & QE the findings of model 3 very likely can 

imply a bad fit of model or a bad fit of data with respect to yield and expected inflation data.  

Computation of shadow yields 

The last step in this first part of the analysis concerns the computation of respective shadow yields for 

all countries and maturities within the sample. Based on the approach defined in the methodology, 

shadow yields will be calculated which subsequently serve as the basis for the portfolio construction in 

the second part of the analysis.  

Applying the defined method for computing shadow yields results in the following shadow yields at the 

end of the data period illustrated in table 14.  
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Table 14: Shadow yields (SY) for Euro-zone government bond 
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yields 

Table 14 illustrates shadow yields for all countries and maturities at the end of the data period 

computed.  Based on the applied method for constructing these shadow yields, the values present the 

“true” yields at different maturities across countries. Alternatively put, these shadow yields represent 

the “fair” value of respective maturities across Euro-zone countries. First each yield is decomposed into 

its separate components before the initiation of QE, which respectively have been defined as the short 

rate, expected inflation and credit risk element. Afterwards, the calculated core yield per CDS spread 

basis point is used to model shadow yields to current levels by aggregating them with the other yield 

component values at the end of the data period.  

 

Assessing the shadow yields computed in table 14 paints a clear picture of shadow yields across 

maturities and countries, which are positive throughout the Euro-zone. This implies that under the 

methodology applied for computation of these “fair” market yields, the current market yields subtracted 

should equal respective yield spreads of zero as this otherwise indicates mispricing according to the 

applied method. As it was noted with the current yields, they remain in sub-zero territory in some cases, 

which could indicate that a mispricing has been observed, given a reversal of the QE program. Thus, in 

order to figure this out observed yields will be used to compute the yield spread defined as SY-Y. Table 

15 below illustrates the shadow yield spread. 

Table 15: Yield spread (SY-Y) 

Subtracting respective market yields from computed shadow yields results in yield spreads for countries 

and maturities which serve as trading signals. It can be noted that these spreads are positive for the 

majority of yields, meaning that the shadow yields in general are above the observed yields, which is in 

line with the expected hypothesis of the ECB pressing yields down. This according to the methodology 

defined in this thesis implies an overpriced bond market, as yields are suppressed beyond their fair 

value and this will be sought exploited in the following part of the analysis.  
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Analysis Part 2: Forming a Hedged Portfolio 

Based on the findings from the first part of the analysis, the second part of the analysis which follows in 

this section will determine how the investment opportunities identified shall be distributed in a 

portfolio. 

In order to determine the exact position sizes and directions of the trades, risk mitigating investigations 

will be performed in order to balance the trades to limit the exposure to only include the most essential 

and controlled risks.  

As can be seen in the first part, the focus remains on the countries ‘directly’ affected by the European 

Central Bank’s Quantitative Easing program, being the countries with euro denoted currencies. 

However, specific countries within that circle remain excluded because of data wise limits. 

Credit Risk Hedging 

The government bond yields handled in this paper mainly concern two risks, which will further be 

attempted mitigated. Those two, as previously outlined, consist of the interest rate risk and the credit 

risk.  

The interest rate risk is easier to comprehend on a practical level, given the direct complications of e.g. if 

an increase in the general interest rate level environment happens, then the prices will adjust 

accordingly, as predicted by theory. On the other hand, credit risk can take much steeper turns, being 

less coherent with overall consensus of the prices. To illustrate the turns of credit risk, the default 

spreads of 5-year credit default swaps traded backwards are pictured below. 
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Figure 19: CDS Spreads for European Countries – in basis points per year – source: Own creation 

As it clearly can be seen, several periods of noteworthy unnormal credit activity stand out. As the most 

outstanding, Greece through their sovereign balance crisis and as the perhaps most famous, the 

financial crisis of 2008/2009 and lastly the Chinese crisis of 2015.  

The method of calculating the shadow yields bears the burden of potentially ineffective data, which is 

adjusted for in different ways e.g. excluding all of Greece’s activities as their credit risk still proves to be 

in a league of its own, compared to the rest of the QE targeted countries, which is shown both in their 

default swap spread and cascading down to their shadow yield.  

Below it will be explained how the approach to mitigate the mentioned risks will be performed and what 

the results of those mitigations will be. Both in terms of the final portfolio and in terms of a sensitivity 

analysis consisting of a test of the hedge implemented. 

Matching Pairs on Credit Risk 

To mitigate the credit risk faced by each of the sovereign bonds, a method for quantifying the risk will 

have to be adopted. The applied method relies on the default swap spreads of the most standard CDS 
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contracts available to be regularly traded. This method is applicable because it focuses solely on the 

credit risk side of the bonds and as such, offers an approach of excluding other aspects of the bond.  

Furthermore, by quantifying the risk, the exposure can be minimized by taking both long and short 

positions in different bonds by weighting the positions relative to the credit exposure. It will be shown, 

how the central thinking of mitigating credit risk from investments are performed. 

First, it will be relevant to visit the default swap spreads. 

 
Table 16: Default Swap Spreads and Countries 

As it can be seen from the above table, the different countries offer some clear proposed pairs of the 

following illustrated below. 

Pair number Pair member 1 Pair member 2 CDS range 

1 Finland Germany 14.28-14.30 

2 Belgium Austria 18.38-18.52 

3 Italy Portugal 138.24-139.06 

 
Table 17: Pairs in portfolio 

Because of the ideality of having countries with much similar risk levels pairing up, the strategy will base 

itself on this criterion along with an experimental approach of relaxing the credit criteria to match other 

countries with a less similar credit risk profile. This will be done for a pair consisting of Spain and France, 

which will be denoted pair number 4. The reason for France and Spain matching up and excluding 

Ireland is, that the following subsection’s calculations showed, that given the Yield-Shadow Yield spread 

of Ireland, Spain and France, a choice of France and Spain would prove the most effective investment.  

In the next section the position directions within each part will be determined.  
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Optimizing Pair Positions 

First, a brief analysis will be conducted to find the maximum and minimum differences between the 

observed yields and the calculated shadow yields across the maturities in question. This will be denoted 

as the yield spread following this.  

In order to optimize the pairs to gather the best combinations possible, a method of selecting the widest 

and narrowest spread of maturities within the pairs is adopted. The method will be consisting of 

choosing the position direction of either long or short the government bond, based on the spread across 

all maturities of the given country’s bond. This method will ensure that bonds which have a wide spread 

will be utilized, as they pose the biggest differences between the observed and calculated yields, which 

thus serves as the biggest trading opportunity.   

When the maximum and minimum yield spreads are found for each country, they can be divided up into 

to two possibilities within each pair. That amounts to the following spreads within the yield spreads: 

𝑃𝑜𝑠1: 𝑀𝑖𝑛𝑌𝑆𝐶1 −𝑀𝑎𝑥𝑌𝑆𝐶2 

𝑃𝑜𝑠2:𝑀𝑖𝑛𝑌𝑆𝐶2 −𝑀𝑎𝑥𝑌𝑆𝐶1 

Where Pos is possibility of investment, YS is Yield Spread and C is country. 

This allows for finding the optimal solutions by taking the minimum of the possibilities which enables for 

the determination of which bonds to go long and short in.  

The bond with the lowest yield spread will be the bond the strategy aims to go long in, because that 

would mean, that the yield, which is supposed to converge to the shadow yield at the end of the 

quantitative easing program, will increase in price and as such, holding the bond will be profitable.  

On the other hand, it will be advantageous to go short in the bonds with the largest yield spreads as 

yields thus are assumed to increase to the level of the shadow yields computed, which will mean the 

prices will decrease.  

The above results in the following table: 

Pair number Country Direction Maturity of bond Yield Spread 

1 Finland Long 10 years 0.4509% 

1 Germany Short 2 years 1.9756% 

2 Belgium Long 20 years -0.6421% 
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2 Austria Short 20 years 1.5850% 

3 Italy Short 30 years 4.076% 

3 Portugal Long 5 years 1.5532% 

4 Spain Long 15 years -0.4137% 

4 France Short 15 years 1.6606% 

Table 18: Position directions 

For this, it is assumed that there does not exist any investment constraints in terms of the amount one is 

able to invest in the pairs. This allows to for the easy determination of the hedged positions in the 

following way. It is assumed that one unit is invested in each of the long positions and the short 

positions is matched to this. Furthermore, it is assumed that the credit risk figures are linear and 

uncorrelated meaning that there exists a constant by which one can multiply one CDS spread with to get 

another. 

Based on that, the simple formula below is used to achieve the positions: 

𝐶𝐷𝑆𝑆ℎ𝑜𝑟𝑡
𝐶𝐷𝑆𝐿𝑜𝑛𝑔

= 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑆ℎ𝑜𝑟𝑡 𝑃𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑆𝑖𝑧𝑒 

The results presented below illustrate the relative sizes: 

Pair number Country Direction Size 

1 Finland Long 1 

1 Germany Short 0.99879 

2 Belgium Long 1 

2 Austria Short 0.99185 

3 Italy Short 0.9941 

3 Portugal Long 1 

4 Spain Long 1 

4 France Short 3.1126 

Table 19: Position sizes 

As it can be seen, the sizes are relatively even for most pairs except the last pair. This is of course 

consistent with the credit risk, which is now assumed to be hedged, both for all pairs individually and 

collectively.  
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Furthermore, it can be interpreted from the yield spreads that there exist possibilities, which would 

enhance the expected return on the position. It has been a concern of the analysis as well, but another 

approach of closer hedges is preferred, to avoid diverging credit spreads between the individual 

countries in the pairs. This ensures the portfolio remains more robust as the pairs are only point-wise 

hedged and based on a non-linear relationship, the hedge positions will change over time. However, 

with countries with closer credit risk, the future re-balancing will be smaller and thus, trading costs will 

be saved. 

Duration Hedging 

Next it would be beneficial to duration hedge the individual pair components to secure the investment 

against interest rate changes, especially given the variations in the maturities within the chosen pairs. It 

will be shown how the central analysis regarding duration hedging is performed. 

In order to duration hedge the chosen government bonds, the durations themselves need to be 

calculated. Because this analysis deals with yields rather than coupons and prices, in order to calculate 

the duration, certain assumptions need to be raised.   

It is common practice for central banks to either prices their government bonds based on a coupon rate 

which is standardized for all government bonds of that maturity or to price them close to par, by setting 

the coupon rate as close to the yield as possible, usually within 25 basis point increments. Because of 

the simplicity and the data constraints which it bypasses, introduced by the latter approach, this will be 

utilized to estimate durations.  

This results in the following durations for the positions: 

Pair number Country Maturity Duration 

1 Finland 10 years 9.789 

1 Germany 2 years 2.008 

2 Belgium 20 years 17.443 

2 Austria 20 years 17.822 

3 Italy 30 years 19.590 

3 Portugal 5 years 4.900 

4 Spain 15 years 12.896 

4 France 15 years 13.767 

Table 20: Duration of Positions 
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As it can be seen above, the durations match the maturities quite well, because of the coupon-

assumption. Only the longer-term bonds have significantly lower duration than their maturity, which 

one would expect as well. 

Optimizing Duration Hedge Components 

In order to hedge the duration of the bonds, another bond is needed, which will be chosen as a different 

maturity bond within the same country. To figure out which bond will be optimal to hedge with, an 

analysis much like the one used to determine the initial positions is conducted where the opposite 

positions will be found. Because optimal solutions will include opposite positions i.e. minimum yield 

spread instead of maximum yield spread, because opposite position directions will be taken.  

This amounts to the following hedge positions: 

c Country Hedge maturity Hedge direction 

1 Finland 2 years Short 

1 Germany 30 years Long 

2 Belgium 3 years Short 

2 Austria 2 years Long 

3 Italy 3 years Long 

3 Portugal 2 years Short 

4 Spain 2 years Short 

4 France 8 years Long 

Table 21: Duration Hedge Positions 

Then the durations of the hedge positions can be found as well, which will then further be used to find 

the optimal duration hedges.  

Pair number Country Hedge Maturity Hedge Duration 

1 Finland 2 years 2.009 

1 Germany 30 years 25.202 

2 Belgium 3 years 3.015 

2 Austria 2 years 2.001 

3 Italy 3 years 2.989 

3 Portugal 2 years 1.999 



Page 104 of 149 
 

4 Spain 2 years 2.001 

4 France 8 years 7.862 

Table 22: Duration of hedges 

The final relative hedge position sizes can now be estimated on the same basis as the credit risk 

positions, although the durations here are used along with the initial position sizes. The following 

equation will explain it further: 

𝐻𝑒𝑑𝑔𝑒𝐶1 =
𝑃𝑜𝑠𝑆𝑖𝑧𝑒𝐶1 ∗ 𝑃𝑜𝑠𝐷𝑢𝑟𝐶1

𝐻𝑒𝑑𝑔𝑒𝐷𝑢𝑟𝐶1
 

In the above expression Hedge refers to the size of the hedge, PosSize refers to the size of the initial 

position, PosDur refers to the duration of the initial position, HedgeDur refers to the duration of the 

hedge position and lastly, C1 refers to the country which is shown to highlight the fact that it is the 

same. 

Optimizing for both Credit Risk and Duration Risk 

Even though, both the sizes for the credit and  duration risk can be estimated separately, they need to 

be estimated in one linear system of equations because they otherwise would introduce some of the 

other risk in their hedge positions, i.e. if the sizes were estimated regarding the credit risk first and then 

afterwards in relation to duration risk for the individual positions, the hedge in duration would introduce 

further credit risk, which would be a concern for the initial credit risk mitigation.  

Thus, the following system of equations need to be satisfied: 

For the objective function: 

𝑀𝑖𝑛(𝑆𝑝𝑜𝑠𝐶1𝑀1𝑌𝑆𝑝𝑜𝑠𝐶1𝑀1
− 𝑆ℎ𝑒𝑑𝐶1𝑀2𝑌𝑆ℎ𝑒𝑑𝐶1𝑀2 + (−𝑆𝑝𝑜𝑠𝐶2𝑀1𝑌𝑆𝑝𝑜𝑠𝐶2𝑀1

) + 𝑆ℎ𝑒𝑑𝐶2𝑀2𝑌𝑆ℎ𝑒𝑑𝐶2𝑀2) 

Subject to the constraints: 

𝑆𝑝𝑜𝑠𝐶1𝑀1𝐷𝑝𝑜𝑠𝐶1𝑀1
− 𝑆ℎ𝑒𝑑𝐶1𝑀2𝐷ℎ𝑒𝑑𝐶1𝑀2 + (−𝑆𝑝𝑜𝑠𝐶2𝑀1𝐷𝑝𝑜𝑠𝐶2𝑀1

) + 𝑆ℎ𝑒𝑑𝐶2𝑀2𝐷ℎ𝑒𝑑𝐶2𝑀2 = 0 

𝑆𝑝𝑜𝑠𝐶1𝑀1𝐶𝑅𝑝𝑜𝑠𝐶1𝑀1
− 𝑆ℎ𝑒𝑑𝐶1𝑀2𝐶𝑅ℎ𝑒𝑑𝐶1𝑀2 + (−𝑆𝑝𝑜𝑠𝐶2𝑀1𝐶𝑅𝑝𝑜𝑠𝐶2𝑀1

) + 𝑆ℎ𝑒𝑑𝐶2𝑀2𝐶𝑅ℎ𝑒𝑑𝐶2𝑀2 = 0 

Here, S denotes the size of the position, 𝑝𝑜𝑠𝐶1𝑀1 refers to the initial position of country 1 with maturity 

1 and ℎ𝑒𝑑𝐶2𝑀2 refers to the hedge position of country 2 within the same country pair with maturity 2. 

D refers to duration and CR refers to Credit Risk and as such, the default swap spreads.  
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As the strategy goes long in the negative yield spreads the objective function includes a minimizing 

element with the short positions having negative signs.  

To further support the realism of the investment strategy, it is assumed that one invests in all the pairs 

in increments of 100 “investment units”, giving each pair a total of maximum 25 “investment units” 

each. This means the final portfolio will be based on a distributed system where each pair is allocated 25 

“investment units” which then can be allocated across the four potential bonds (the two positions and 

the two hedges) for each pair. This can of course be discussed whether it enhances the realism of the 

analysis but yields a platform for comparison between each of the pairs. 

Solving this set of equations leads to the results below in a combined overview of all positions, 

directions, hedges, sizes and yield spreads. 

Pair 

number 

Country Direction Hedge Optimal 

size 

Maturity Yield 

Spread 

Pair Yield 

Spread Total 

1 Finland Long  0 10 years 0.450 

1 Finland Short Hedge 0 2 years 1.483 

1 Germany Short  0 2 years 1.975 

1 Germany Long Hedge 0 30 years 0.731 0 

2 Belgium Long  12.550 20 years -0.642 

2 Belgium Short Hedge 0.210 3 years 0.287 

2 Austria Short  12.240 20 years 1.585 

2 Austria Long Hedge 0 2 years 1.155 -27.520 

3 Italy Short  2.059 30 years 4.076 

3 Italy Long Hedge 0 3 years 2.340 

3 Portugal Long  12.493 5 years 1.553 

3 Portugal Short Hedge 10.446 2 years 2.488 -14.987 

4 Spain Long  9.752 15 years -0.190 

4 Spain Short Hedge 7.151 2 years 1.11 

4 France Short  8.095 15 years 1.510 

4 France Long Hedge 0 8 years 1.142 -23.891 

Table 23: Position sizes for pairs 
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The pair which stands out is Finland and Germany with an optimal solution of 0 invested in either one of 

the four options. Furthermore, the next three pairs seem to go on well with the constraints and provide 

a good response to the strategy. Later, it will be explored further, as the portfolio will be assembled and 

tested. 

Before that, however, it will prove beneficial to review how the results would look like, if all the pairs 

were optimized in one run with a collected investment constraint of 100 “investment units”. The results 

of that would amount to the following: 

Pair 

number 

Country Direction Hedge Optimal 

size 

Maturity Yield 

Spread 

Pair Yield 

Spread Total 

1 Finland Long  0 10 years 0.450 

1 Finland Short Hedge 0 2 years 1.483 

1 Germany Short  0 2 years 1.975 

1 Germany Long Hedge 0 30 years 0.731 0 

2 Belgium Long  50.201 20 years -0.642 

2 Belgium Short Hedge 0.836 3 years 0.287 

2 Austria Short  48.961 20 years 1.585 

2 Austria Long Hedge 0 2 years 1.155 -110.081 

3 Italy Short  0 30 years 4.076 

3 Italy Long Hedge 0 3 years 2.340 

3 Portugal Long  0 5 years 1.553 

3 Portugal Short Hedge 0 2 years 2.488 0 

4 Spain Long  0 15 years -0.190 

4 Spain Short Hedge 0 2 years 1.11 

4 France Short  0 15 years 1.510 

4 France Long Hedge 0 8 years 1.142 0 

Table 24: Position sizes for pairs given collective solve 

It can clearly be seen based on the results that the pair driving credit risk and duration risk mitigated 

returns is Austria and Belgium. This is probably due to the low figure in Belgium’s long position’s yield 

spread. Although it is interesting to notice the best performing pair, as the investment strategy also 

seeks a “pair risk” mitigation by investing across more pairs, it will focus on including several individually 

constrained investments across the pairs in the further analysis.  
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Final Portfolio 

With the investments now gathered and sizes having been calculated and directions found, this enables 

for the gathering of the final portfolio and calculation of some key figures for it, including, inter alia, 

expected price converges and return on investment.  

It will be done by taking the following positions with the corresponding returns, in order to follow the 

investment strategy: 
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Figure 20: The final 
portfolio – source: Own creation 
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Results 

The first and most important measure for the trading strategy is its expected return. This amounts to 

10.664% with an additional yield component of 0.299% for a total return of 10.962%. This is a 

respectable return based on the riskless nature of the opportunity, with a hedge covering the credit risk 

element of each of the pairs, resulting in an overall exposure towards credit risk of zero. Furthermore, 

the interest rate risk has also been mitigated to the level of an exposure which equals zero as well. 

Lastly, as the long and short positions have been balanced, it is a money neutral investment as long as 

the transaction costs are excluded.   

The return components have been separated, as it is a relative value strategy, which has an unknown 

investment horizon, as the investment period is determined solely on the time taken for the prices to 

converge whereas the yield component is more consistent over time. A scenario could arise, in which 

the prices will converge more or less instantaneously based on the conclusion of the quantitative easing 

program, or counterlike, a scenario could play out, where the prices are years of converging. This will 

yield different overall investment returns where in the former scenario, only the convergence return will 

matter whereas in the latter the yield component will play a more significant role.  

Main Return Drivers 

It quickly becomes clear from looking at the results, that some positions drive the returns more than 

other. First, it is noticeable that the short positions yield the largest contribution to the return of the 

convergence return component by far. This is in line with the initial thoughts of the European Central 

Bank’s major purchases driving the prices of the bonds up and thus, decreasing the yields, which one 

would expect to be reversed after the conclusion of the QE program.  

Within the short positions, there are furthermore some drivers. It is noticeable that the Austrian, Italian 

and French bonds offer a remarkable return on investment and that these bonds drive the return overall 

as well. The three bonds have large durations as well, which drives the return, which also clearly can be 

read from the formula. It is important to note, however, that the three initial return-on-investment 

drivers are all in different pairs. This is consistent with the thinking that the portfolio has separate 

positions driving the return element and other positions driving the risk mitigation profiles of the pairs. 

This brings us to the long positions, which, because of their overall insignificance to the collective return, 

are probably drivers of the risk mitigation, apart from Belgium, which offers a solid collected return as 

well of 1.747%. The long sides are used to hedge both in terms of the credit risk side, interest rate risk 

side and the money neutral aspect. The long side does also, provide the basis for the security of the 
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investment in terms of a yield-return element. That yield-return element will be paid out every year, so 

depending on the lifetime of the investment, it could potentially surpass the convergence component of 

the short side, as the convergence component serves as a “one time” component.    

Portfolio Reflections 

One of the adjustments the investment portfolio faces, is the equalizing effect of introducing a risk-free 

asset to make the total investment money neutral. This is done to improve the overall elegance of the 

investment decision but introduces a dilemma as well. The risk-free asset needs to be risk free in more 

aspects, than “traditional” risk free assets, which commonly includes 10-year government bonds or 

benchmark rates such as LIBOR. The problem of introducing the risk-free asset as a government bond 

here, is that it would distort the credit risk aspect and interest rate level aspect of the entire portfolio. 

Especially if the overall investment prices have converged to the targets and the positions need to be 

closed, because the risk-free aspect of the 10-year government bond is often made on the assumption 

of holding the asset till expiry i.e. not having the liquidity risk of selling the asset again. Furthermore, the 

LIBOR or USD-denoted LIBOR introduces exchange rate risk to the investment, which otherwise is 

entirely funded and expensed in euros. Lastly, other rates could be introduced, like EURIBOR or EONIA, 

but they remain significantly negative of overnight rates around -0.35% which could prove illogical to 

include them in a portfolio simply to make it money neutral. The adopted solution, which may prove 

unrealistic, especially for higher investment amounts, is to include a zero-rate deposit facility which the 

excess capital can be placed in. As such, the excess capital does not influence the portfolio returns, but is 

still accounted for, and finally, the strategy ends up being money neutral.  

Another critical point regarding the hedging of the portfolio is, that the hedging of course either 

assumes a linear relationship or is only pointwise effective. As it must be false, that the relationship 

between the two are completely linear, given the complexity of reality, the hedges are only pointwise 

effective. This means, that rebalancing between the sizes on a regular basis is required, to keep the 

hedge effective completely effective. This will also be explained further in the sensitivity analysis.  

Funding Risks 

It can be discussed, how the strategy can be implemented and how much transaction costs will play a 

factor in determining the final return. One approach could be, to go the “Long Term Capital 

Management” way, which is based on the firm which went into bankruptcy following a remarkable 

journey in the 1990s. The firm had a significant level of leverage and traded mostly in relative value 

strategies, which in the end caused its downfall. However, a lot of those relative value strategies were 
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funded and taken on through derivative contracts issued from several brokers, fitted precisely to their 

need and intentions. Because of their intense amounts of traded securities, they were able to take on 

positions almost without any transaction costs, both in terms of fees paid to brokers and in terms of 

market impact. One could argue, that because it happened in real life, it would not be a harsh argument 

to claim that a situation could arise again, which could limit the impact of this paper’s strategy’s 

transaction costs.  

However, it will probably be fair to expect some level of transaction costs, which may alter the efficient 

portfolios within the pairs and in total. An even harder element to describe theoretically, is the market 

impact part of the transaction costs. If a company suddenly started shorting large amounts of 

government bonds in the expectation of falling prices, then prices would probably fall, maybe either 

sparking the convergence or perhaps enhancing the effect of the convergence. But nevertheless, the 

impact of the transactions would probably move the market before the company had filled their 

positions fully. As such, this paper acknowledges implementation of the strategy will almost certainly 

create initial losses, which have not been accounted for.  

Additionally, funding risks can be introduced as an aspect of the introduction of the strategy to the 

market. Funding risks consist of raising the money in the first place and maintaining the positions 

throughout the investment period. The trades could be expected to trade on margins, especially if the 

derivative-contract approach of LTCM17 is used. That means, that if a sufficient amount of the position is 

lost, perhaps due to adverse spread movements, a part or all of the positions will have to be closed 

because of requirements from the brokers. Another, more commonly used approach of leveraging fixed 

income positions, especially high-grade bonds like government bonds, is through the repo-markets. 

Basically, a firm would buy a government bond partly financed by offering the same bond as collateral to 

secure cheap lending from third parties. However, should that bond deteriorate in price, the firm could 

either require additional collateral postings by the leveraging company or that they close some of the 

positions.  

Summarizing this past paragraph, it could be useful to invest in the different government bonds by using 

the repo-markets as well, to secure leveraging at favorable conditions while maintaining the investment 

profile. This will of course enhance the overall risk of the leveraged portfolio towards adverse changes 

like spread-price divergences.  

                                                           
17 Long Term Capital Management 
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Funding Constraints 

Another funding related aspect to consider is the quantities of government bonds available, as this may 

vary from country to country and in some cases, may constrain the investment opportunities in the 

bonds. The supply and demand aspect has not been touched widely upon in this strategy and the 

availability of bonds have been assumed to be indefinite. However, this is not a realistic assumption and 

in real life, it may be much more constrained, both in primary and secondary markets. 

Sensitivity Analyses 

To secure the investment, it would be proper to stress test it to account for potential extreme market 

movements. In order to perform this stress test to the highest degree, past scenarios will be sought out 

to emulate the financial conditions and extreme scenarios which potentially could affect the portfolio.  

First the effect of respective changes in credit risk implied by CDS spreads will be investigated. This 

sensitivity analysis with respect to credit risk will be performed for the entire portfolio based on changes 

in overall Euro-zone CDS spreads i.e. simultaneous changes in Euro-zone CDS spreads as well as changes 

is individual countries CDS spreads. This is done to simulate both a credit crisis of one country and for 

the entire Euro-zone. For individual countries, the sensitivity analysis will thus only imply a change in 

credit risk of one country within a given respective pair and will assume no correlation of credit risk 

within pairs.  

Furthermore, as the duration element is assumed to be linear to both measure the price convergence 

and hedge against the interest rate risk, however, with evidence from empirical testing suggesting it is 

not, movements in the interest rate level will be tested to measure the effects on the portfolio as a 

whole. This can have an immediate effect on the return of the portfolio and furthermore potentially 

create an issue in regard to other factors such as funding constraints and funding risks for the 

hypothetical portfolio. As parallel shifts in interest rate levels across Euro-zone countries appear at all 

maturities and as the risks been mitigated in the fixed income relative value portfolio, small shifts in 

interest rate levels should have minimal effect on the return. The interest rate shift will only be done on 

the aggregated Euro-zone level, because individual countries experiencing interest rate level changes is 

highly unlikely as the Euro-zone holds the same central bank in the ECB and it controls the Euro-zone 

benchmark rates.   

Changes in interest rate levels and CDS spreads should not affect the computed expected return of the 

convergence element a lot as the changes should only provide a return in themselves, which does not 
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alter the convergence expected a lot, because of the hedges. The changes could, however, change the 

yield element of the portfolio but should only do so, at a limited degree again because the hedge. Large 

changes will indicate a lack of directional risk factor neutrality while small changes in theoretical 

portfolio return will support the robustness of the portfolio hedge.   

Credit Risk and Interest Rate Risk 

The sensitivity analysis will be based upon the convergence return element and will as such, explain how 

the return of this component will be over different movements in both credit risk and interest rate risk. 

It will first be explored, how an aggregate movement in either of the two dimensions will move the 

convergence return component individually and combined. It shall be noted, that the effects measured 

for here are very large compared to the current environment. Interest rate changes to the European 

Central Bank’s Deposit Facility rate of -5% to 10% constitute massive changes which are unrealistic but 

proves the point about the effectiveness of the hedge of the portfolio, as can be seen. 

The credit element is measured in basis points change in to the current spread of each country within 

the portfolio. Here a change of e.g. -5 bps will constitute a reduction of around 27% of Belgium’s entire 

credit risk element and +20 bps will likewise be an increase of 98% of France’s entire credit risk element. 

The sizes and initial prices of the portfolio are of course fixed, as it will be assumed that the strategy has 

been initiated. 
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Table 25: Sensitivity analysis 

Reflections 

It is noticeable that the lowest element in the stress test still remains positive at a decent level and the 

increasing credit risk affects the portfolio in a positive direction. This is so, as the portfolio is mostly 

made up of shorted bonds, which means that as the credit risk increases, the price should fall and as 

such, the return increases. One could take further measures to hedge against return declines due to 

positive credit changes, but as this is limited by the natural element of zero – there will always be a price 

of insuring a bond and a party can never have negative credit risk – then the basis points cannot drop 

wildly lower than what has been tested for, at least on the current credit risk levels observed.  

It is further noticeable that the interest rate hedge almost eliminates changes to the expected yield 

based on changes in the ECB Deposit Facility rate. 

Credit Risk for Individual Countries 

Additionally, to simulate a sovereign credit event which may only affect an individual country in either 

way. The sensitivity analysis in this area will focus on a range of -25 bps to +25 bps for each country, 

which in most cases will extend their credit risk level by more than it currently is going up and lower it 

below zero going down. As there exist lots of evidence that credit risk tends to spread across areas, it 

would be unlikely that one country would face a sole increase in basis points, nevertheless it remains a 

risk which must be accounted for. 

The overall returns for the convergence component with the following changes are distributed as 

follows: 

Table 26: Individual country credit risk sensitivity 

As it can be noted from the above table, the individual credit risk components within the pairs remain a 

large risk within the overall strategy because of changes e.g. in Austria from -3.03% to 24.36%. This is an 

extraordinary range which can be highly damaging to the overall return, however, it must still be noted 

that e.g. the Austrian credit default swap spread remains under 25 bps, which makes it impossible to 

reach such a low level in the real economy.  

-25 -20 -15 -10 -5 0 5 10 15 20 25

Belgium 16.81% 15.58% 14.35% 13.12% 11.89% 10.66% 9.43% 8.21% 6.98% 5.75% 4.52%

Spain 12.16% 11.86% 11.56% 11.26% 10.96% 10.66% 10.36% 10.06% 9.76% 9.46% 9.16%

Portugal 10.94% 10.89% 10.83% 10.78% 10.72% 10.66% 10.61% 10.55% 10.50% 10.44% 10.38%

Italy 10.00% 10.13% 10.26% 10.40% 10.53% 10.66% 10.80% 10.93% 11.07% 11.20% 11.33%

France 5.46% 6.50% 7.54% 8.58% 9.62% 10.66% 11.70% 12.75% 13.79% 14.83% 15.87%

Austria -3.03% -0.29% 2.45% 5.19% 7.93% 10.66% 13.40% 16.14% 18.88% 21.62% 24.36%

Basis point change
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Funding Stress-testing 

Yields 

Additional to funding risks are the aspect of having enough liquidity to have the sustained investment 

placed throughout the time horizon needed for prices to converge. Although this thesis will not dive into 

the time frame of the convergence, it is interesting to see how much the stress-tested values will affect 

profits momentarily throughout the period. This will be done for the yields, as they may vary further 

than what has previously been tested.  

In order to compute the instant impact of changes in returns to the portfolio, the price, duration and 

yield of each respective maturity within the portfolio is used. Combining this with the individual 

weightings enables for the computation of the instant portfolio return based on a sudden shift in yields. 

 

 

Table 27: Yield sensitivity 

It can be noted by the results in the above table, that the interest rate risk to a very large degree is 

mitigated. An instant 2% parallel shift downwards in Euro-zone yields is accompanied by a -0.0301% 

portfolio return. Because the theoretical portfolio is still short biased in regards to composition the 

return is negative for decreases in Euro-zone interest rates and positive for increases in interest rates. 

For every 1% change in yields the portfolio will merely deviate 0.0151% in value which supports the 

robustness and implementation of the duration hedge.  

Convexity Hedging 

The theoretical portfolio in question is hedged for duration as well as credit risk. This as previously 

explained means that it is hedged against price changes caused by parallel shifts in interest rates as well 

as parallel shifts in CDS spreads. Both these risk components have been used to conduct sensitivity 

analyses in the above sections and the results show that the portfolio mitigates much of the directional 

risk with respect to these. One measure, however, which has not been taken into account when 

constructing the hedge includes convexity. 

As bonds within the portfolio consist of different maturities these will for the most part vary in duration 
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as well as convexity. Hedging the duration of the portfolio does not mitigate the convexity risk which is 

associated with the portfolio and convexity can thus be added as a measure in order to increase the 

neutrality of the hedge. Generally, bonds with higher coupons offer lower convexity, which means they 

will be less affected by interest rate changes. As the pricing has been assumed to be as close to par by 

setting the coupon rates equal to the yields by increments of 0.25% of coupon rates, it can be argued 

that the longer bonds exhibit less convexity because of the higher coupons. 

 

When assessing convexity exposure in regard to the theoretical portfolio constructed the main issue 

relates to the degree of leverage applied to the portfolio. Given that the portfolio is leveraged to a 

degree where small yield changes leads to risk of bankruptcy, convexity as a risk measure can be used to 

improve the neutrality and decrease the portfolio returns sensitivity towards sudden parallel yield 

changes. By ensuring a convexity neutral portfolio composition, the amount of leverage applied can be 

argued to be increased as the probability of default decreases.  

 

The degree to which bond prices change based on its convexity depends on the significance of yield 

changes and as such the issue of convexity predominantly persists in scenarios where yields vary 

considerably. Thus, in regard to the sensitivity analysis, interest rate changes of 5% hypothesized at the 

extreme of the spectrum will all else equal result in different values for the change in expected portfolio 

return, assuming the portfolio carries convexity exposure. 

 

As parallel sudden interest changes in a rational theoretical scenario must be assumed to be rather 

minor, the exclusion of convexity as a risk measure lies the fact that given frequent enough 

immunization the issue of not accounting for convexity is mitigated to a large degree. Thus, convexity 

does not explicitly have to be considered as a separate risk measure. Because of this, duration hedging is 

assumed to serve as an adequate measure for hedging in the theoretical relative value setting of this 

paper. 
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Conclusion 

This paper set out to discuss a potential investment strategy based on the inconsistency introduced by 

the European Central Bank’s Quantitative Easing Program, being the Asset Purchase Program (APP) into 

the government bond markets. This has been done in a realistic fashion which accounted for the most 

essential types of risk and still managed to find a way to provide a solid return. From this thinking, the 

aspect of a relative value strategy arose, namely being a strategy, which seeks to exploit mispricing 

between more assets within the same class. This was done by taking more maturities within the same 

country of government bonds, however, the bonds had to be within the scope of the European Central 

Bank’s QE program. In order to locate the best investment opportunities within the government bonds, 

a method of creating so-called shadow yields was adopted, which set out to describe how the yields 

should behave, if the quantitative easing program had ceased.  

As the approach used seeks to be as fully adaptive to the practical aspect as possible, it was made 

certain that the different aspects of potential distortions towards the yields was covered. This was done 

so by analyzing the different channels by which the European Central Bank can affect the economy 

through government bond purchases, which in turn developed an understanding of how a government 

bond yield functions. This led to the method of mitigating most of the channels, such as segmentation, 

portfolio re-balancing and liquidity channels go out against each other in the formula created for the 

shadow yields.  

Before constructing the actual shadow yields, the relationships between quantitative easing, expected 

future inflation and government bonds were confirmed through OLS regressions. Evidence found the 

relationship to be strong and significant. This evidence further validated the initial hypothesis of a 

distortion of asset prices and thus, validated the use of the shadow yields. 

Afterwards, the differences of the actual yields observed, and the shadow yields could be calculated 

which provided a so-called yield spread. This yield spread provided the basis for selecting the best 

government bonds to use, both in terms of the initial positions and the credit risk and interest rate risk 

hedges.  

This led to the setup of a portfolio for each pair, which was to exploit the pairs of government bonds 

based on their credit risk levels, which then would be hedged against the residual credit risk along with 

the interest rate risk.  
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The credit risk and interest rate risk were mitigated simultaneously for each pair’s optimal bonds and 

then collected in an overall portfolio, including the optimal size solutions for each chosen government 

bond given their contribution to maximizing the potential convergence of prices as measured by the 

yield spread.  

During the analysis, an initially chosen pair had to be excluded because of the optimal solution proving 

an investment of zero should be made in the pair. 

The results showed positions shorting the yield spread would yield higher returns, which is consistent 

with the thought of going short the bonds, as one expects the bonds’ price to decrease given less 

interest from the European Central Bank, which then would increase the yields of the bonds. 

Furthermore, the final portfolio was a combination of return drivers and risk mitigation drivers, which 

collectively provided a solid investment foundation. The return for each of the bonds were highest for 

the Austrian, Italian and French bonds which all were shorted, with Belgium offering a high return of a 

long position.  

Another aspect of the final portfolio was the yield component of the invested bonds, which also turned 

out to be positive for the optimal investment strategy, mainly because of the long positions. This 

component would add safety to the investments in a return sense, being that the investment would be 

able to deliver positive yields even as a price convergence would be delayed or even not appear at all.  

The final portfolio has also been tested towards the sensitivities of the main components of risk, being 

credit risk and interest rate risk. The aggregated measures showed that the portfolio is well balanced 

with risks being mostly mitigated or in favor of the going into the portfolio. The individual credit tests 

showed, however, that if scenarios arise in which single countries face large swings in their credit risk, 

the return of the portfolio could vanish.  

The last aspect of the portfolio is that the aggregated portfolio is money neutral, which, under the 

assumption of no transaction costs, provide a funding solution to the entire investment. The portfolio 

was made money neutral because of the inclusion of a risk-free asset which does not yield any return, 

which may or may not be an unrealistic assumption depending especially on the size of the overall 

investment in money amounts.  

The overall final return ended at 10.664% for the convergence component and 0.299% for the annual 

yield component. This is for an amount of 80.406 ‘investment units’. This means, that the final portfolio 

has been divided up into more easily accessible parts, which enhances the practicality of the strategy by 
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introducing an investment approach. Further, as the pairs have been constructed optimally individually, 

one can pick and choose between the different pairs for their final setup which also deals with potential 

liquidity constraints. However, apart from these observations, it must be stressed that this investment 

strategy is built upon many assumptions and offer little details of many funding and trading aspects.   
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http://ec.europa.eu/economy_finance/publications/european_economy/forecasts/index_en.htm
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Appendix 

Solver – Collected 

 

 

 

FIN GER Size CR Dur Yield Spread

0 14.285 9.789114 Long 0.450986508 0 CR

C1 0 0 14.285 2.001156 Short 1.483718917 0 Dur

Total 0 0 14.302 2.008958 Short 1.975676444 0 Yield Spread

C2 0 0 14.302 25.20195 Long 0.731994222

50.20117 18.376 17.43234 Long -0.64207619 -1.15392E-10 CR

C1 51.03814998 0.836984 18.376 3.015712 Short 0.287820038 2.89901E-11 Dur

Total 100 48.96185 18.527 17.82203 Short 1.585072822 -110.0819718 Yield Spread

C2 48.96185002 0 18.527 2.001156 Long 1.155962108

0 138.24 2.989285 Long 2.34021497 0 CR

C1 0 0 138.24 19.59083 Short 4.076857267 0 Dur

Total 0 0 139.06 1.999 Short 2.4886543 0 Yield Spread

C2 0 0 139.06 4.900411 Long 1.553268792

1.57E-12 63.55 12.89629 Long -0.41368305 4.72716E-12 CR

C1 3.06977E-12 1.5E-12 63.55 2.00132 Short 0.896630508 1.72766E-11 Dur

Total 3.06977E-12 0 20.417 13.76748 Short 1.660691077 -1.99322E-12 Yield Spread

C2 0 0 20.417 7.860214 Long 1.292571385
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Solver – individual pairs 

 

 

FIN GER Size CR Dur Yield Spread

0 14.285 9.789114 Long 0.450986508 0 CR

C1 0 0 14.285 2.001156 Short 1.483718917 0 Dur

Total 0 0 14.302 2.008958 Short 1.975676444 0 Yield Spread

C2 0 0 14.302 25.20195 Long 0.731994222

BEL AUS Size CR Dur Yield Spread

12.55029 18.376 17.43234 Long -0.64207619 -2.8848E-11 CR

C1 12.75953749 0.209246 18.376 3.015712 Short 0.287820038 7.24754E-12 Dur

Total 25 12.24046 18.527 17.82203 Short 1.585072822 -27.52049295 Yield Spread

C2 12.24046251 0 18.527 2.001156 Long 1.155962108

ITA POR Size CR Dur Yield Spread

12.49393 139.06 4.900411 Long 1.553268792 0 CR

C1 22.94076269 10.44683 139.06 1.999 Short 2.4886543 0 Dur

Total 25 2.059237 138.24 19.59083 Short 4.076857267 -14.98734573 Yield Spread

C2 2.059237307 0 138.24 2.989285 Long 2.34021497

SPA FRA Size CR Dur Yield Spread

9.752574 63.55 12.89629 Long -0.41368305 4.77286E-09 CR

C1 16.90415913 7.151586 63.55 2.00132 Short 0.896630508 -1E-06 Dur

Total 25 8.095841 20.417 13.76748 Short 1.660691077 -23.89149489 Yield Spread

C2 8.095840866 0 20.417 7.860214 Long 1.292571385
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Durations 1: 

 

D
u

ratio
n

s
B

e
lgiu

m
Sp

ain
P

o
rtu

gal
Italy

P
o

sitio
n

H
e

d
ge

P
o

sitio
n

H
e

d
ge

P
o

sitio
n

H
e

d
ge

P
o

sitio
n

H
e

d
ge

Yie
ld

1.44%
-0.48%

2.24%
-0.31%

0.966%
-0.05%

3.259%
0.141%

1
0.01479

0.01463
-0.00502

-0.00503
0.02201

0.02198
-0.00251

-0.00250
0.00990

0.00989
0.00000

0.00000
0.03147

0.03153
0.00250

0.00249

2
0.01458

0.02885
-0.00505

-0.01010
0.02152

0.04300
1.00369

2.00501
0.00981

0.01959
1.00100

2.00000
0.03048

0.06107
0.00249

0.00497

3
0.01437

0.04266
1.00947

3.03024
0.02105

0.06308
0.00972

0.02910
0.02952

0.08871
0.99827

2.98508

4
0.01417

0.05607
0.02059

0.08226
0.00962

0.03843
0.02859

0.11454

5
0.01397

0.06909
0.02014

0.10058
0.96260

4.80506
0.02768

0.13866

6
0.01377

0.08174
0.01970

0.11805
0.02681

0.16114

7
0.01357

0.09401
0.01927

0.13471
0.02596

0.18207

8
0.01338

0.10591
0.01885

0.15058
0.02515

0.20151

9
0.01319

0.11746
0.01843

0.16569
0.02435

0.21954

10
0.01300

0.12866
0.01803

0.18006
0.02358

0.23624

11
0.01282

0.13952
0.01763

0.19373
0.02284

0.25166

12
0.01264

0.15005
0.01725

0.20671
0.02212

0.26587

13
0.01246

0.16025
0.01687

0.21903
0.02142

0.27894

14
0.01228

0.17013
0.01650

0.23071
0.02074

0.29091

15
0.01211

0.17970
0.73342

10.98738
0.02009

0.30185

16
0.01194

0.18896
0.01946

0.31182

17
0.01177

0.19793
0.01884

0.32085

18
0.01160

0.20660
0.01825

0.32900

19
0.01144

0.21498
0.01767

0.33632

20
0.76287

15.09579
0.01711

0.34284

21
0.01657

0.34862

22
0.01605

0.35370

23
0.01554

0.35811

24
0.01505

0.36188

25
0.01458

0.36506

26
0.01412

0.36768

27
0.01367

0.36977

28
0.01324

0.37137

29
0.01282

0.37249

30
0.39451

11.85538

Su
m

1.01071
17.443

0.999394
3.015106

1.001262
12.89755

1.001185
2.002505

1.001652
4.902062

1.001001
2

0.47214
19.58912

1.003261
2.992538

P
rice

1.000611
1

0.999799
1.000098

1.000592
1.000337

1.0005
0.999913

1.001088

D
u

ratio
n

17.43234
3.015712

12.89629
2.00132

4.900411
1.999

19.59083
2.989285
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Durations 2: 

 

G
e

rm
an

y
Fran

ce
Fin

lan
d

A
u

stria
D

u
ratio

n
s

P
o

sitio
n

H
e

d
ge

P
o

sitio
n

H
e

d
ge

P
o

sitio
n

H
e

d
ge

P
o

sitio
n

H
e

d
ge

-0.68%
1.25%

1.16%
0.47%

0.62%
-0.65%

1.21%
-0.57%

Yie
ld

-0.00755
-0.00756

0.01235
0.01233

0.01236
0.01220

0.00498
0.00497

0.00497
0.00503

-0.00755
-0.00756

0.01235
0.01226

-0.00503
-0.00250

1

1.00616
2.01512

0.01219
0.02436

0.01222
0.02412

0.00495
0.00989

0.00494
0.00999

1.00545
2.01513

0.01220
0.02422

2.01276
2.00501

2

0.01204
0.03610

0.01208
0.03576

0.00493
0.01476

0.00491
0.01490

0.01206
0.03590

3

0.01190
0.04754

0.01194
0.04714

0.00491
0.01959

0.00488
0.01974

0.01191
0.04729

4

0.01175
0.05869

0.01180
0.05825

0.00488
0.02437

0.00485
0.02452

0.01177
0.05841

5

0.01160
0.06956

0.01167
0.06911

0.00486
0.02910

0.00482
0.02925

0.01163
0.06926

6

0.01146
0.08015

0.01153
0.07970

0.00484
0.03379

0.00479
0.03391

0.01149
0.07984

7

0.01132
0.09048

0.01140
0.09005

0.96769
7.72579

0.00476
0.03852

0.01136
0.09015

8

0.01118
0.10054

0.01127
0.10015

0.00473
0.04306

0.01122
0.10021

9

0.01104
0.11033

0.01114
0.11001

0.94476
9.55852

0.01109
0.11002

10

0.01091
0.11987

0.01102
0.11963

0.01096
0.11958

11

0.01077
0.12916

0.01089
0.12901

0.01083
0.12890

12

0.01064
0.13820

0.01077
0.13817

0.01070
0.13798

13

0.01051
0.14700

0.01064
0.14710

0.01057
0.14682

14

0.01038
0.15556

0.85228
12.62002

0.01044
0.15543

15

0.01025
0.16389

0.01032
0.16382

16

0.01013
0.17199

0.01020
0.17198

17

0.01000
0.17987

0.01007
0.17993

18

0.00988
0.18752

0.00995
0.18766

19

0.00976
0.19496

0.79665
15.81012

20

0.00964
0.20219

21

0.00952
0.20921

22

0.00940
0.21603

23

0.00929
0.22265

24

0.00917
0.22907

25

0.00906
0.23530

26

0.00895
0.24135

27

0.00884
0.24720

28

0.00873
0.25288

29

0.69833
20.92896

30

0.998606
2.007562

1.00100
25.20295

1.013015
13.78041

1.002036
7.862248

0.988399
9.7774

0.9979
2.00756

1.007778
17.82978

2.007731
2.002505

Su
m

0.999305
1.00004

1.000939
1.000259

0.998807
0.998953

1.000435
1.000674

P
rice

2.008958
25.20195

13.76748
7.860214

9.789114
2.009668

17.82203
2.001156

D
u

ratio
n
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Portfolio (Larger version) 

 

Portfolio
Size

Maturity 

(years)
Yield

Duration
Mod D

Yield 

Spread
Price

Price 

convergence
New Price

Return on 

investment
Weighted

Additional 

yield

Belgium
12.5503

20.0000
1.44%

17.4320
17.1845

-0.642%
1.0006

0.1120
1.1126

11.193%
1.747%

0.225%

Portugal
12.4939

5.0000
0.97%

4.9000
4.8531

1.553%
1.0003

-0.0761
0.9242

-7.611%
-1.183%

0.150%

Spain
9.7526

15.0000
2.24%

12.8900
12.6076

-0.414%
1.0001

0.0533
1.0534

5.332%
0.647%

0.272%

Long
34.7968

1.211%
0.647%

Risk Free 

Rate
5.4064

Net Long
40.2032

Belgium
0.2092

3.0000
-0.48%

3.0150
3.0295

0.288%
0.9998

-0.0087
0.9911

-0.868%
-0.002%

-0.001%

Austria
12.2405

20.0000
1.21%

17.8200
17.6077

1.585%
1.0004

-0.2826
0.7179

-28.246%
-4.300%

0.184%

Portugal
10.4468

2.0000
-0.05%

1.9900
1.9910

2.489%
1.0005

-0.0495
0.9509

-4.952%
-0.643%

-0.006%

Italy
2.0592

30.0000
3.26%

19.5900
18.9717

4.077%
0.9999

-0.7986
0.2013

-79.866%
-2.045%

0.083%

Spain
7.1516

2.0000
-0.31%

2.0030
2.0092

0.897%
1.0006

-0.0180
0.9826

-1.796%
-0.160%

-0.028%

France
8.0958

15.0000
1.16%

13.7670
13.6098

1.661%
1.0004

-0.2287
0.7717

-22.863%
-2.302%

0.116%

Short
40.2032

-9.453%
0.348%

Total
80.4064

10.664%
0.299%
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Realized inflation 

 

Country inf_start inf_end

Belgium 1.8 2.2

Spain 2.8 2

Portugal 2.4 1.6

Netherlands 1.6 1.3

Italy 2 1.3

Ireland 2.9 0.3

Greece 3 1.1

Germany 2.3 1.7

France 1.6 1.2

Finland 1.6 0.8

Austria 2.2 2.2
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Coefficients for Model 1 

 

Country
Coef_2y

Coef_3y
Coef_4y

Coef_5y
Coef_6y

Coef_7y
Coef_8y

Coef_9y
Coef_10y

Coef_15y
Coef_20y

Coef_25y
Coef_30y

Belgium
-0.00445%

-0.00401%
-0.00453%

-0.00356%
-0.00389%

-0.00415%
-0.00451%

-0.00500%
-0.00466%

-0.00545%
-0.00507%

Spain
0.00806%

0.00785%
0.00737%

0.00702%
0.00692%

0.00632%
0.00586%

0.00550%
0.00535%

0.00487%
0.00399%

0.00359%

Portugal
0.07714%

0.07264%
0.07103%

0.07263%
0.06616%

0.06962%
0.06897%

0.07067%
0.00184%

Netherlands
0.00764%

0.00787%
0.00975%

0.00813%
0.00811%

0.00866%
0.00954%

0.01002%
0.01024%

0.01024%
0.01139%

Italy
0.01048%

0.01109%
0.01111%

0.01162%
0.01163%

0.01211%
0.01222%

0.01241%
0.01269%

0.01321%
0.00228%

0.01386%

Ireland
0.01350%

0.01317%
0.01235%

0.00767%
0.01287%

0.01363%
0.01995%

0.00036%

Greece
-0.28024%

0.12871%
0.14000%

0.12901%
0.71081%

0.09590%

Germany
0.00507%

0.00490%
0.00500%

0.00509%
0.00516%

0.00526%
0.00536%

0.00535%
0.00541%

-0.00129%
0.00605%

0.00594%

France
0.00587%

0.00596%
0.00610%

0.00635%
0.00661%

0.00680%
0.00706%

0.00733%
0.00740%

0.00809%
0.00815%

0.00830%

Finland
0.00449%

0.00452%
0.00493%

0.00505%
0.00480%

0.00565%
0.00700%

0.00676%

Austria
-0.02941%

-0.02972%
-0.02656%

-0.02734%
-0.02631%

-0.02716%
-0.00986%

-0.03342%
-0.00386%
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Coefficients for intercepts for Model 1 

 

Country
Coef_int_2y

Coef_int_3y
Coef_int_4y

Coef_int_5y
Coef_int_6y

Coef_int_7y
Coef_int_8y

Coef_int_9y
Coef_int_10y

Coef_int_15y
Coef_int_20y

Coef_int_25y
Coef_int_30y

Belgium
-2.6021%

-2.3096%
-1.0771%

-0.0684%
1.3019%

3.2302%
5.2222%

6.8921%
8.3558%

12.0170%
14.5575%

Spain
-39.1967%

-36.7882%
-33.2270%

-29.5912%
-27.3750%

-21.9717%
-17.6516%

-13.8250%
-10.5117%

-2.9511%
2.3578%

7.9404%

Portugal
-100.8684%

-91.0026%
-84.2365%

-81.3524%
-68.8464%

-72.0442%
-69.4176%

-67.0127%
-47.9883%

Netherlands
-27.6068%

-27.3814%
-31.4383%

-25.2436%
-23.6252%

-23.7793%
-24.9380%

-24.9542%
-24.2570%

-24.2570%
-23.8572%

Italy
-84.2177%

-86.6624%
-84.1576%

-84.9394%
-82.7159%

-83.0916%
-82.1263%

-82.0169%
-82.0216%

-81.5638%
-63.7590%

-81.9384%

Ireland
-29.2904%

-34.0706%
-10.9799%

-124.5827%
-5.8452%

-4.3610%
-39.1058%

13.8437%

Greece
339.6616%

-103.6347%
-107.8614%

-88.9538%
-736.6991%

-51.8057%

Germany
-83.3752%

-80.3439%
-80.5446%

-80.0465%
-80.0141%

-80.2289%
-80.5020%

-78.6637%
-78.1504%

-11.0619%
-83.3094%

-79.1748%

France
-55.0117%

-54.2639%
-54.9315%

-54.1938%
-56.3637%

-55.6425%
-56.0955%

-56.8096%
-56.6288%

-59.0414%
-56.9451%

-54.9567%

Finland
-11.4728%

-9.9037%
-9.6296%

-7.6448%
-5.6265%

-3.9878%
-3.0689%

-0.0166%

Austria
15.1336%

16.1080%
16.7150%

18.7133%
19.5271%

23.9261%
-27.8031%

33.0105%
-27.8642%
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Standard Errors for Model 1 Coefficients 

 

Country
StdErr_2y

StdErr_3y
StdErr_4y

StdErr_5y
StdErr_6y

StdErr_7y
StdErr_8y

StdErr_9y
StdErr_10y

StdErr_15y
StdErr_20y

StdErr_25y
StdErr_30y

Belgium
0.00405%

0.00403%
0.00401%

0.00413%
0.00414%

0.00417%
0.00423%

0.00428%
0.00434%

0.00451%
0.00449%

Spain
0.00273%

0.00267%
0.00259%

0.00255%
0.00249%

0.00241%
0.00240%

0.00242%
0.00241%

0.00238%
0.00250%

0.00248%

Portugal
0.02151%

0.02432%
0.02337%

0.02158%
0.02204%

0.02038%
0.01918%

0.02186%
0.02766%

Netherlands
0.00201%

0.00203%
0.00216%

0.00211%
0.00215%

0.00215%
0.00219%

0.00223%
0.00227%

0.00227%
0.00227%

0.00240%

Italy
0.00176%

0.00194%
0.00160%

0.00152%
0.00148%

0.00144%
0.00139%

0.00132%
0.00129%

0.00123%
0.00191%

0.00116%

Ireland
0.01490%

0.01293%
0.00863%

0.01364%
0.00694%

0.00649%
0.00675%

0.00167%

Greece
0.38102%

0.06685%
0.02365%

0.02077%
0.11548%

0.01796%

Germany
0.00061%

0.00062%
0.00064%

0.00062%
0.00062%

0.00062%
0.00062%

0.00062%
0.00062%

0.00076%
0.00067%

0.00068%

France
0.00069%

0.00071%
0.00071%

0.00072%
0.00070%

0.00071%
0.00072%

0.00073%
0.00074%

0.00077%
0.00077%

0.00080%

Finland
0.00355%

0.00359%
0.00359%

0.00363%
0.00284%

0.00315%
0.00381%

0.00352%

Austria
0.00995%

0.01034%
0.01052%

0.01066%
0.01084%

0.01141%
0.00863%

0.01322%
0.01017%
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Standard Errors for Model 1 Intercept Coefficients 

 

Country
Std_Err_int_2y

Std_Err_int_3y
Std_Err_int_4y

Std_Err_int_5y
Std_Err_int_6y

Std_Err_int_7y
Std_Err_int_8y

Std_Err_int_9y
Std_Err_int_10y

Std_Err_int_15y
Std_Err_int_20y

Std_Err_int_25y
Std_Err_int_30y

Belgium
41.11324%

40.87473%
40.73022%

41.98455%
41.99292%

42.36567%
42.95701%

43.48252%
44.11952%

45.79822%
45.58900%

Spain
53.61117%

52.26002%
50.70580%

50.01498%
48.74892%

47.26894%
47.14522%

47.39581%
47.17979%

46.69090%
48.97683%

48.66450%

Portugal
112.56188%

127.22556%
122.25975%

112.91826%
115.32496%

106.61203%
100.33535%

114.39402%
51.29385%

Netherlands
33.51487%

33.93195%
36.03299%

35.24393%
35.89990%

35.89361%
36.57212%

37.16439%
37.85336%

37.85336%
40.00304%

Italy
50.43567%

55.61324%
45.85525%

43.61776%
42.55503%

41.44532%
39.90710%

38.03535%
36.94719%

35.31981%
37.02672%

33.46372%

Ireland
108.88861%

101.38150%
78.28398%

50.44697%
62.96163%

58.88309%
46.67307%

15.17758%

Greece
3094.07026%

542.83274%
192.02621%

168.64575%
937.77623%

145.80767%

Germany
33.85104%

34.44190%
35.27574%

34.48412%
34.28861%

34.36563%
34.25118%

34.59539%
34.20057%

25.64107%
37.40714%

37.54303%

France
28.82755%

29.31178%
29.47759%

29.84989%
29.18232%

29.58587%
29.76901%

30.23970%
30.84629%

32.09083%
31.89461%

33.31458%

Finland
42.26952%

42.72131%
42.69166%

43.19382%
33.82290%

37.43522%
45.32779%

41.88999%

Austria
35.81297%

37.22549%
37.88752%

38.38143%
39.04994%

41.08867%
25.03841%

47.61672%
24.12244%
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R-squared values for Model 1 

 

Country
R2_2y

R2_3y
R2_4y

R2_5y
R2_6y

R2_7y
R2_8y

R2_9y
R2_10y

R2_15y
R2_20y

R2_25y
R2_30y

Belgium
0.010384206

0.008563802
0.010980162

0.006394768
0.007629372

0.008524989
0.009800877

0.011710702
0.009900535

0.012539494
0.01097851

Spain
0.070255543

0.070130525
0.065896332

0.061855257
0.063139943

0.056393878
0.049073386

0.04307931
0.041242176

0.035121268
0.021723787

0.017904668

Portugal
0.100547183

0.072020169
0.074376638

0.089655811
0.07264673

0.092150834
0.101095518

0.083283075
0.000103066

Netherlands
0.111920316

0.115320448
0.15059938

0.114082295
0.109946959

0.1237079
0.141424639

0.149708954
0.150646843

0.150646843
0.164136027

Italy
0.236438635

0.222031501
0.296598826

0.337682256
0.349091488

0.38013665
0.402246175

0.433025552
0.45864099

0.500995326
0.019402537

0.551710809

Ireland
0.008148417

0.009877476
0.017501206

0.004630965
0.029033479

0.036912872
0.085732955

0.000398376

Greece
0.004682023

0.031232971
0.233600604

0.251242885
0.247805403

0.19876928

Germany
0.390362011

0.366653016
0.365118334

0.384124582
0.393264442

0.400943451
0.412042557

0.405743406
0.416704334

0.03460728
0.427463169

0.417152813

France
0.383411632

0.382877364
0.391656585

0.404917862
0.434850667

0.442650266
0.457866476

0.469029598
0.463337773

0.488247109
0.49500206

0.482641988

Finland
0.014585318

0.014438316
0.017185941

0.017619367
0.02569132

0.028977171
0.030286318

0.032989353

Austria
0.035812971

0.037225493
0.037887518

0.038381434
0.039049936

0.041088666
0.025038408

0.04761672
0.024122439
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Government Bond Yields (%*100) at Start of Data Period  

 

Country
Yield_start_2y

Yield_start_3y
Yield_start_4y

Yield_start_5y
Yield_start_6y

Yield_start_7y
Yield_start_8y

Yield_start_9y
Yield_start_10y

Yield_start_15y
Yield_start_20y

Yield_start_25y
Yield_start_30y

Belgium
3.602

3.709
3.8

3.862
3.932

4.06
4.169

4.221
4.298

4.496
4.65

Spain
3.562

3.531
3.627

3.712
3.727

3.78
3.893

4
4.095

4.137
4.617

4.609

Portugal
3.704

3.649
3.724

3.976
4.007

4.118
4.208

4.39

Netherlands
3.469

3.518
3.963

3.631
3.679

3.75
3.877

3.969
4.044

4.044
4.305

Italy
3.604

3.63
3.827

3.936
3.996

4.146
4.267

4.326
4.39

4.619
4.975

Ireland
3.379

3.446
3.538

3.908
4.137

Greece
3.68

3.833
4.297

4.669
3.653

4.889

Germany
4.119

4.052
4.121

4.104
4.077

4.109
4.145

4.15
4.174

#N/A
4.608

4.549

France
3.545

3.616
3.68

3.767
3.799

3.879
3.963

4.079
4.139

4.464
4.47

4.621

Finland
4.209

4.187
4.236

4.238
4.467

Austria
3.473

3.522
3.727

3.775
3.874

4.14
4.436
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Government Bond Yields (%*100) at End of Data Period 

 

Country
Yield_end_2y

Yield_end_3y
Yield_end_4y

Yield_end_5y
Yield_end_6y

Yield_end_7y
Yield_end_8y

Yield_end_9y
Yield_end_10y

Yield_end_15y
Yield_end_20y

Yield_end_25y
Yield_end_30y

Belgium
-0.537

-0.48
-0.363

-0.194
-0.051

0.161
0.375

0.545
0.734

1.121
1.438

Spain
-0.309

-0.139
0.021

0.265
0.47

0.783
1.043

1.301
1.61

2.24
2.394

2.836

Portugal
-0.05

0.42
0.966

1.547
2.024

2.177
2.385

2.926
3.444

Netherlands
-0.682

-0.58
-0.429

-0.245
-0.062

0.106
0.261

0.42
0.576

0.576
1.005

Italy
-0.142

0.141
0.457

0.839
1.106

1.509
1.719

1.906
2.171

2.703
2.851

3.259

Ireland
-0.513

-0.412
-0.137

0.267
0.512

0.756
1.236

1.653

Greece
3.132

4.689
5.669

6.445
6.661

6.467

Germany
-0.681

-0.624
-0.475

-0.269
-0.149

-0.013
0.132

0.307
0.464

0.669
0.967

1.246

France
-0.589

-0.41
-0.343

-0.007
-0.01

0.272
0.474

0.664
0.747

1.155
1.46

1.847

Finland
-0.646

-0.47
-0.383

-0.148
0.039

0.336
0.622

0.925

Austria
-0.567

-0.477
-0.358

-0.155
0.017

0.194
0.641

1.114
1.206

1.466



Page 141 of 149 
 

Coefficients for Model 3 

 

Country
Infl_Coef_2y

Infl_Coef_3y
Infl_Coef_4y

Infl_Coef_5y
Infl_Coef_6y

Infl_Coef_7y
Infl_Coef_8y

Infl_Coef_9y
Infl_Coef_10y

Infl_Coef_15y
Infl_Coef_20y

Infl_Coef_25y
Infl_Coef_30y

Belgium
69.97810%

77.22520%
78.31038%

86.61341%
88.16228%

89.58142%
90.60164%

91.87092%
93.24790%

97.13521%
97.53386%

Spain
8.89536%

20.48086%
19.05686%

15.95366%
17.08409%

15.47912%
11.18773%

11.29922%
13.64970%

13.40767%
14.59115%

8.08134%

Portugal
91.11355%

1.95624%
-11.75800%

-43.62948%
-63.18070%

-70.04644%
-78.44368%

-82.84853%
41.53788%

Netherlands
6.94553%

7.96765%
11.89272%

16.15525%
4.17085%

16.11064%
17.13628%

16.14087%
16.09041%

16.09041%
18.49804%

Italy
-29.06016%

44.60294%
-15.55561%

-12.16631%
-13.90802%

-11.86604%
-9.32701%

-6.78102%
-3.51524%

7.59786%
-6.10356%

10.00374%

Ireland
-20.93632%

-22.69250%
-5.58904%

29.64187%
-11.08743%

-16.98773%

Greece
-157.42236%

91.29854%
110.21541%

110.43903%
98.95965%

122.57266%

Germany
18.19788%

7.09332%
2.61448%

1.04724%
-1.68724%

-1.91750%
1.89478%

4.52576%
2.32103%

-19.33672%
-2.13355%

0.79267%

France
19.49701%

21.57061%
16.65085%

14.50101%
14.79201%

13.06218%
12.06853%

15.41072%
15.64110%

19.23978%
19.78049%

20.17605%

Finland
2.69844%

-10.03370%
-3.18577%

-3.13447%
7.43217%

7.65743%
8.82047%

3.96728%

Austria
16.70282%

18.79131%
20.13570%

21.81649%
17.47143%

15.73807%
3.13120%

6.18043%
-40.41377%
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Coefficients for Intercepts for Model 3 

 

Country
Infl_Coef_Int_2y

Infl_Coef_Int_3y
Infl_Coef_Int_4y

Infl_Coef_Int_5y
Infl_Coef_Int_6y

Infl_Coef_Int_7y
Infl_Coef_Int_8y

Infl_Coef_Int_9y
Infl_Coef_Int_10y

Infl_Coef_Int_15y
Infl_Coef_Int_20y

Infl_Coef_Int_25y
Infl_Coef_Int_30y

Belgium
-0.01496%

-0.01554%
-0.01470%

-0.01449%
-0.01350%

-0.01190%
-0.01022%

-0.00895%
-0.00754%

-0.00481%
-0.00216%

Spain
-0.03012%

-0.02875%
-0.02863%

-0.02674%
-0.02565%

-0.02405%
-0.02367%

-0.02258%
-0.02076%

-0.01521%
-0.01793%

-0.01515%

Portugal
-0.02517%

-0.02716%
-0.02461%

-0.02506%
-0.02286%

-0.02310%
-0.02355%

-0.01970%
-0.05249%

Netherlands
-0.04461%

-0.04365%
-0.04287%

-0.03978%
-0.03789%

-0.03720%
-0.03617%

-0.03534%
-0.03422%

-0.03422%
-0.03164%

Italy
-0.04397%

-0.03576%
-0.03831%

-0.03503%
-0.03266%

-0.02909%
-0.02752%

-0.02600%
-0.02436%

-0.01994%
-0.04753%

-0.01708%

Ireland
-0.04158%

-0.04196%
-0.03303%

-0.13381%
-0.03167%

-0.03142%
-0.04509%

Greece
0.03821%

0.03344%
0.04045%

0.04706%
0.04974%

0.04637%

Germany
-0.04199%

-0.04210%
-0.04187%

-0.04000%
-0.03896%

-0.03803%
-0.03660%

-0.03475%
-0.03378%

-0.02403%
-0.03364%

-0.03021%

France
-0.03317%

-0.03224%
-0.03293%

-0.03091%
-0.03133%

-0.02989%
-0.02913%

-0.02831%
-0.02880%

-0.02816%
-0.02575%

-0.02370%

Finland
-0.00559%

-0.00531%
-0.00381%

-0.00167%
0.00112%

0.00384%
0.00656%

0.00882%

Austria
-0.04412%

-0.04281%
-0.04020%

-0.03865%
-0.03781%

-0.03548%
-0.03514%

-0.03290%
-2.01359%
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Standard Errors for Model 3 Coefficients 

 

Country
Infl_StdErr_2y

Infl_StdErr_3y
Infl_StdErr_4y

Infl_StdErr_5y
Infl_StdErr_6y

Infl_StdErr_7y
Infl_StdErr_8y

Infl_StdErr_9y
Infl_StdErr_10y

Infl_StdErr_15y
Infl_StdErr_20y

Infl_StdErr_25y
Infl_StdErr_30y

Belgium
12.89465%

12.41774%
12.31982%

12.31633%
12.23497%

12.31160%
12.50970%

12.67041%
12.83693%

13.32986%
13.19987%

Spain
21.04972%

20.30118%
19.02289%

18.27037%
17.44787%

16.20532%
15.58155%

15.19688%
14.56912%

13.92951%
12.81897%

12.59807%

Portugal
51.11809%

25.30458%
24.22326%

22.29785%
22.61084%

20.94578%
19.59918%

22.49163%
19.71796%

Netherlands
10.42143%

10.68057%
10.61860%

11.56689%
4.85527%

11.77905%
12.03033%

12.27005%
12.57712%

12.57712%
13.49731%

Italy
28.38077%

31.95124%
25.30529%

24.01367%
23.06614%

22.26044%
20.71035%

19.35645%
18.65848%

16.77435%
22.93639%

13.52699%

Ireland
78.77992%

68.13614%
49.83969%

43.62179%
37.08466%

32.92646%
42.33459%

Greece
815.55692%

144.80462%
56.76817%

50.21503%
284.23708%

41.28988%

Germany
16.80055%

18.01759%
18.91206%

18.55478%
19.22350%

19.46864%
19.41229%

19.77929%
19.18218%

26.53195%
21.25229%

21.79519%

France
11.61409%

11.67712%
11.77629%

12.12527%
11.97634%

12.27333%
12.50086%

12.70714%
12.90365%

13.20572%
13.19251%

13.56433%

Finland
25.51136%

25.76537%
25.79973%

26.10905%
20.51811%

22.74974%
27.56611%

25.52022%

Austria
16.44702%

18.19530%
16.82418%

17.17879%
17.02999%

17.35147%
23.88882%

24.63605%
142.03155%
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Standard Errors for Model 3 Intercept Coefficients 

 

Country
Infl_StdErr_Int_2y

Infl_StdErr_Int_3y
Infl_StdErr_Int_4y

Infl_StdErr_Int_5y
Infl_StdErr_Int_6y

Infl_StdErr_Int_7y
Infl_StdErr_Int_8y

Infl_StdErr_Int_9y
Infl_StdErr_Int_10y

Infl_StdErr_Int_15y
Infl_StdErr_Int_20y

Infl_StdErr_Int_25y
Infl_StdErr_Int_30y

Belgium
0.03689%

0.03552%
0.03524%

0.03523%
0.03500%

0.03522%
0.03579%

0.03625%
0.03672%

0.03813%
0.03776%

Spain
0.04515%

0.04354%
0.04080%

0.03919%
0.03742%

0.03476%
0.03342%

0.03259%
0.03125%

0.02988%
0.02749%

0.02702%

Portugal
0.11089%

0.12622%
0.12094%

0.11100%
0.11200%

0.10327%
0.09628%

0.11007%
0.04466%

Netherlands
0.01729%

0.01772%
0.01762%

0.01920%
0.02009%

0.01955%
0.01996%

0.02036%
0.02087%

0.02087%
0.02240%

Italy
0.04740%

0.05337%
0.04227%

0.04011%
0.03853%

0.03718%
0.03459%

0.03233%
0.03116%

0.02802%
0.03462%

0.02259%

Ireland
0.10961%

0.10317%
0.07435%

0.04788%
0.05532%

0.04912%
0.04884%

Greece
3.07196%

0.54544%
0.21383%

0.18914%
1.07064%

0.15553%

Germany
0.01728%

0.01853%
0.01945%

0.01908%
0.01977%

0.02002%
0.01996%

0.02034%
0.01973%

0.02373%
0.02186%

0.02241%

France
0.01861%

0.01871%
0.01887%

0.01943%
0.01919%

0.01967%
0.02003%

0.02036%
0.02068%

0.02116%
0.02114%

0.02174%

Finland
0.04243%

0.04285%
0.04291%

0.04342%
0.03412%

0.03783%
0.04584%

0.04244%

Austria
0.02012%

0.02226%
0.02058%

0.02102%
0.02083%

0.02123%
0.02437%

0.03014%
0.10494%



Page 145 of 149 
 

R-squared values for Model 3 

 

Country
Infl_R2_2y

Infl_R2_3y
Infl_R2_4y

Infl_R2_5y
Infl_R2_6y

Infl_R2_7y
Infl_R2_8y

Infl_R2_9y
Infl_R2_10y

Infl_R2_15y
Infl_R2_20y

Infl_R2_25y
Infl_R2_30y

Belgium
0.20388426

0.25166871
0.25999571

0.30071922
0.31105949

0.31524313
0.31324395

0.31373787
0.314522288

0.315887206
0.321923344

Spain
0.00157787

0.00892649
0.00880301

0.00670235
0.00841301

0.00800951
0.00454158

0.00486844
0.00770798

0.008132239
0.011335573

0.00362829

Portugal
0.02734617 

9.9968E-06
0.00039319

0.0063879
0.01306964

0.01878536
0.026881152

0.023032023
0.025840442 

Netherlands
0.00402174

0.0050337
0.01127485

0.01742478
0.00666388

0.016722
0.01811122

0.01548779
0.014661038

0.014661038
0.016788462

Italy
0.00944137

0.01740734
0.0034235

0.00232807
0.00329424

0.00257651
0.00184042

0.00111445
0.000322571

0.001861613
0.000982556

0.00494739

Ireland
0.00070577

0.0010654
0.00011127

0.0067446
0.00079041

0.000894175
0.001728407

Greece
0.00032388

0.00344482
0.031737317

0.040363312
0.00105293

0.07117631

Germany
0.01084613

0.00144642
0.00017858

2.977E-05
7.199E-05

9.0652E-05
8.9031E-05

0.00048906
0.000136811

0.0064359
9.41823E-05

1.23615E-05

France
0.02433264

0.02931257
0.01738446

0.01249895
0.01331999

0.00992423
0.00818056

0.01284861
0.012835723

0.018438079
0.019506787

0.019203304

Finland
0.00010358

0.00140222
0.00014116

0.00013343
0.0012134

0.00104793
0.000947104

0.000223716

Austria
0.0092888

0.00960312
0.01285446

0.01445009
0.00947763

0.007423381
0.000188759

0.000571813
0.001225216
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All Summary Statistics Produces for Model 2 

 

Country
Exp_Infl_Start

Exp_Infl_End
Exp_Infl_QE_Coef

Exp_Infl_QE_Int_Coef
Exp_Infl_QE_SE

Exp_Infl_QE_Int_SE
Exp_Infl_QE_R2

Belgium
1.86667%

1.73333%
0.00000010620%

-0.00001145987%
0.000000017%

0.00022400177%
0.2525

Spain
2.73333%

1.63333%
0.00000006695%

-0.00024945034%
0.000000012%

0.00027116731%
0.2189

Portugal
2.36667%

1.46667%
0.00000030426%

-0.00026548928%
0.000000048%

0.00024711726%
0.2495

Netherlands
2.20000%

1.66667%
0.00000003968%

0.00001814078%
0.000000014%

0.00023630059%
0.0660

Italy
1.93333%

1.66667%
0.00000005420%

-0.00029022407%
0.000000007%

0.00018722641%
0.3609

Ireland
2.58333%

0.26667%
0.00000009140%

-0.00004709207%
0.000000027%

0.00024300147%
0.0866

Greece
3.35000%

0.85000%
0.00000019329%

-0.00012432396%
0.000000039%

0.00031140006%
0.1719

Germ
any

1.97500%
1.10000%

0.00000002584%
-0.00027310292%

0.000000003%
0.00015417042%

0.3867

France
1.60000%

1.35000%
0.00000003156%

-0.00016084582%
0.000000004%

0.00016094896%
0.3524

Finland
2.00000%

1.30000%
0.00000002966%

0.00007321696%
0.000000019%

0.00022258036%
0.0207

Austria
2.00000%

1.65000%
0.00000023574%

-0.00014729165%
0.000000025%

0.00015319974%
0.4255
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CDS Spreads 

 

 

Deposit Facility Rate 

 

 

 

 

 

 

 

 

 

 

 

 

 

Country CDS_Start CDS_End

Belgium 17.50 18.38

Spain 29.50 63.55

Portugal 34.50 139.06

Netherlands 9.20 16.07

Italy 38.30 138.24

Ireland 27.50 32.02

Greece 42.94 518.46

Germany 9.00 14.30

France 9.75 20.42

Finland 15.67 14.28

Austria 8.10 18.53

Country DepoFaci_start DepoFaci_end

ECB 3 -0.4
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Shadow Yields 

 

Country
Shadow_Yield_End_2y

Shadow_Yield_End_3y
Shadow_Yield_End_4y

Shadow_Yield_End_5y
Shadow_Yield_End_6y

Shadow_Yield_End_7y
Shadow_Yield_End_8y

Shadow_Yield_End_9y
Shadow_Yield_End_10y

Shadow_Yield_End_15y
Shadow_Yield_End_20y

Shadow_Yield_End_25y
Shadow_Yield_End_30y

Belgium
0.2321

0.3445
0.4400

0.5051
0.5787

0.7131
0.8275

0.8821
0.9630

1.1709
1.3326

Spain
0.8107

0.7439
0.9507

1.1338
1.1661

1.2803
1.5237

1.7542
1.9589

2.0494
3.0834

3.0662

Portugal
2.4376

2.2159
2.5182

3.5340
3.6589

4.1064
4.4691

5.2027

Netherlands
0.4190

0.5045
1.2816

0.7018
0.7857

0.9096
1.1314

1.2921
1.4230

-5.6386
1.4230

1.8788

Italy
1.7801

1.8739
2.5850

2.9784
3.1950

3.7364
4.1731

4.3861
4.6171

5.4436
6.7286

Ireland
0.0412

0.1192
0.2263

0.6571
0.9237

Greece
7.8104

9.6578
15.2602

19.7518
7.4844

22.4081

Germany
1.3782

1.2717
1.3814

1.3544
1.3115

1.3623
1.4195

1.4275
1.4656

2.1553
2.0615

France
0.7413

0.8899
1.0240

1.2061
1.2731

1.4407
1.6166

1.8595
1.9851

2.6657
2.6783

2.9945

Finland
0.7025

0.6824
0.7271

0.7289
0.9377

Austria
0.6816

0.7937
1.2624

1.3722
1.5986

2.2069
2.8837
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Yield Spreads 

 

Country
Yield_spread_2y

Yield_spread_3y
Yield_spread_4y

Yield_spread_5y
Yield_spread_6y

Yield_spread_7y
Yield_spread_8y

Yield_spread_9y
Yield_spread_10y

Yield_spread_15y
Yield_spread_20y

Yield_spread_25y
Yield_spread_30y

Belgium
0.7691

0.8245
0.8030

0.6991
0.6297

0.5521
0.4525

0.3371
0.2290

0.0499
-0.1054

Spain
1.1197

0.8829
0.9297

0.8688
0.6961

0.4973
0.4807

0.4532
0.3489

-0.1906
0.6894

0.2302

Portugal
2.4876

1.7959
1.5522

1.9870
1.6349

1.9294
2.0841

2.2767

Netherlands
1.1010

1.0845
1.7106

0.9468
0.8477

0.8036
0.8704

0.8721
0.8470

-5.6386
0.8470

0.8738

Italy
1.9221

1.7329
2.1280

2.1394
2.0890

2.2274
2.4541

2.4801
2.4461

2.7406
3.4696

Ireland
0.5542

0.5312
0.3633

0.3901
0.4117

Greece
4.6784

4.9688
9.5912

13.3068
0.8234

15.9411

Germany
2.0592

1.8957
1.8564

1.6234
1.4605

1.3753
1.2875

1.1205
1.0016

1.1883
0.8155

France
1.3303

1.2999
1.3670

1.2131
1.2831

1.1687
1.1426

1.1955
1.2381

1.5107
1.2183

1.1475

Finland
1.3485

1.1524
1.1101

0.8769
0.3157

Austria
1.2486

1.2707
1.4174

1.3552
1.4046

1.5659
1.6777


