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Abstract 

This thesis studies the relative importance of liquidity risk compared to credit risk for ten euro 

area sovereign yield spreads over various periods of time. Using a unique decomposition 

technique based on 𝑅2, the findings show that credit risk dominates liquidity risk especially in 

peripheral countries. However, time variation in the importance of liquidity risk relative to credit 

risk can be observed. As such, liquidity risk has a relatively big role in the boom period 

considered, while credit risk is more important in the bust period that followed. Yet, no relative 

change is visible between different stress levels. 
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CHAPTER 1 Introduction 
 

After a long period of low yield spreads, the sovereign debt crisis of 2007 was the starting point 

of big yield differences within the euro area. Within the Economic and Monetary Union (EMU) 

exchange rate risk is absent for the sovereign issuers, which isolates credit risk and liquidity risk 

as the two main explanatory factors of sovereign yield spreads (Codogno et al., 2003). Since 

Merton (1974), literature explaining credit risk has expended rapidly. However, even after the 

LTCM crisis of May 1998 and the liquidity and solvency crisis of September 2008 the literature 

explaining liquidity risk lagged behind. This thesis especially aims to contribute to the literature 

by improving the understanding of the sudden widening of the yield spread when the sovereign 

debt crisis started. 

 

Beber et al. (2009) did focus on liquidity risk and concluded there is a flight-to-liquidity in times 

of high market uncertainty. Therefore, market uncertainty plays an important role in determining 

which risk factors are important in explaining the sovereign yield spread. Sovereign bond 

spreads are widely considered to be an extensive measure of a country’s overall risk premium. 

Risks such as liquidity risk and credit risk drive the spread. The difference between uncertainty 

and risk is important to look at. Uncertainty (an unknown information set) implies a situation 

where future events are unknown. Risk (a known information set) is the probability something 

loses value. In contrast to uncertainty, risk can be measured and is controllable.  

 

From a policy perspective it would be good to know which risk factors drive the sovereign yield 

spread to implement effective regulations. Credit risk or default risk, which is the probability of a 

loss due to the issuer’s failure to meet contractual obligations, can be reduced by focusing on 

actions addressing an increase in the issuer’s solvency. Liquidity risk, which is the probability of 

a loss due to a leak of the marketability of the asset, can be reduced by focusing on measures 

which improve the functioning of markets. By holding until maturity a bondholder can avoid 

selling at a discount. He weights the proceeds from selling now against the expected value of 

waiting and the risk involving being forced to sell at a worse price in the near future. From an 

investor’s perspective, disruption in market liquidity would refer to the attractiveness of a long-

term investment, while for high credit risk this would not be the case (Longstaff, 2009). 
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This thesis looks at interactions between liquidity and credit risk within and across the sovereign 

bond market of ten countries in the EMU and its effect on the sovereign yield spreads. This will 

be done with data from the period of January 2008 till January 2016. The sample period captures 

the build-up, core and ending of the European sovereign debt crisis. As can be seen in Figure 2 

(page 12), the yield spread is close to zero beyond the scope of 2008-2016, indicating a 

neglectable country’s overall risk premium. This thesis will examine changes in correlation and 

changes in the credit to liquidity contribution ratio if market stress is at its highest compared to 

more normal market circumstances. Yield is divided into five quintile groups to indicate the level 

of market stress. The sovereign yield spread will be the summation of credit risk (the credit 

default swap) and liquidity risk (bid-ask and volume) taken as the difference between individual 

EMU-countries and Germany. The comparison with Germany will generate a country-specific 

analysis. In addition, a unique decomposition technique of sovereign yield spreads in terms of 𝑅2 

will be used to show the importance of liquidity risk in times of stressed markets. Finally, this 

thesis will examine the explanatory value of credit risk on sovereign yield spreads when 

controlling for the highest market stress to see if its explanatory value will increase. All in all, 

the abovementioned analysis serves the goal of answering the main research question of this 

paper, which is as follows: 

 

Main question: What is the relative importance of liquidity risk relative to credit risk for euro area 

sovereign yield spreads over time? 

 

The cross-section analysis shows credit risk dominates liquidity risk in explaining euro area 

sovereign yield spreads. In particular in peripheral countries credit risk is high, giving relatively 

less importance to liquidity risk compared to credit risk. However, time variation can be 

observed in the importance of liquidity risk relative to credit risk. For example, in the boom 

period liquidity risk plays a bigger role, while in the bust period credit risk is more important. 

Nevertheless, no differences are observable in the relative importance for different stress periods. 

Both the importance of credit risk as the importance of liquidity risk increases in times of high 

market stress. The high positive correlation makes it difficult to disentangle the two risk sorts. 

The likelihood ratio test shows liquidity risk does add value in explaining the yield spread next to 

credit risk. 
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The thesis has the following structure. In Chapter 1 an introduction in given to liquidity and 

credit risk in EMU sovereign yield spreads. Earlier research on this topic is discussed in Chapter 

2, while formulating the hypotheses. In Chapter 3 the data is reported and in Chapter 4 the 

methodology is given per hypothesis. Chapter 5 describes the empirical results, while Chapter 6 

presents the robustness checks. Chapter 7 discusses the hypotheses by looking at the test results. 

Finally, Chapter 8 draws a conclusion based on the outcomes of this thesis. 
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CHAPTER 2 Related Literature 
 

The Related Literature is divided into three parts. Firstly, the setting is given, involving the 

introduction of the euro and the European Central Bank (ECB) as well as the sovereign debt 

crisis. Secondly, the determinants of the sovereign yield spread are discussed in detail. Thirdly, 

the development of the hypotheses is introduced and elaborated upon. 

 

2.1 Setting 
The construction of the Economic and Monetary Union (EMU) dates back to January 1st, 1999. 

Signs towards an economic integration can be observed many decades before. In 1929, Germany 

introduced the plan of a single European currency to the League of Nations as a way to stabilize 

the economy after the First World War. The idea of a single European currency was not taken 

into action. Moreover, the great depression following these words did not bring integration, but 

fragmentation for Europe. Consistent with this reasoning, Pieterse-Bloem et al. (2016) found 

multiple structural breakpoints in the financial integration process in Europe. By looking at the 

corporate bond market they discovered an increase in integration in times of the introduction of 

the EMU in July 1999 and a decrease in integration at the time of the global financial crisis in 

November 2007. Studies analyzing the period before the crisis usually find a high level of 

integration. Abad et al. (2010) is a good example, because they look at the period 1999-2008. 

 

In the second part of the 19th century economic integration got more attention than in the first 

half of the century. This led to the decision in 1969 to make an Economic and Monetary Union 

as an official objective during a summit in The Hague. The integration would not only include 

the introduction of a European currency, but also full liberalization of capital flows and the final 

fixing of countries. In 1979, the European Monetary System (EMS) was introduced in which the 

nations of the European Economic Community (EEC) linked their currency to stabilize 

variability in their exchange rate. Besides the conversion in currencies, a unification of economic 

and fiscal policies was introduced. This happened in the form of an independent institution 

known as the European Central Bank (ECB), launched in 1999. 
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Galati and Tsatsaronis (2003) showed that as the launch date of the euro approached, the yield 

curves of the founding nations of the EMU converged. The resulting narrowing of the yield 

spread was assumed to be caused by vanishing currency risk premiums and the alignment of 

monetary policies. Moreover, Galati and Tsatsaronis (2003) showed an increased liquidity after 

the introduction of the euro in 1999, by using the proxy transaction volume. As can be seen in 

Table 1, the diminishment of factors driving the sovereign yield spread caused a yield spread of 

zero for almost all countries founding the EMU. 

 

Notes: This table presents the yearly sovereign yield spreads of the ten countries used in this thesis. Sovereign bond yield is 

the interest paid on a government bond and the spread is a measure of the risk premium. It is taken as the yield of the countries 

relative to Germany. So, yield spread = government bond yield𝑖,𝑡 - government bond yield𝐺𝐸𝑅,𝑡. In which i captures country 

i with t as the year in question. GER stands for Germany, which is taken as a benchmark to calculate the spread. 

 

Table 1 also shows an increased yield spread for the period 2009-2018 compared to the period 

1999-2008. This is caused by the European sovereign debt crisis, which started in 2009. Several 

countries in southern Europe were unable to refinance their government debt without the help of 

other European countries, the ECB, and the International Monetary Fund (IMF). This inability to 

Table 1 

Sovereign yield spreads from 1999 to 2018 based on a 10 year benchmark bond 

Date Austria Belgium Finland France Netherlands Greece Ireland Italy Portugal Spain 

1999-2008 0.152 0.190 0.131 0.353 0.089 0.521 0.079 0.162 0.210 0.152 

1999 0.183 0.253 0.228 0.242 0.133 1.863 0.195 0.110 0.319 0.233 

2000 0.294 0.330 0.221 0.487 0.143 0.795 0.148 0.151 0.324 0.263 

2001 0.261 0.313 0.225 0.431 0.140 0.456 0.137 0.096 0.354 0.298 

2002 0.176 0.198 0.193 0.350 0.102 0.271 0.115 0.144 0.185 0.170 

2003 0.057 0.097 0.051 0.316 0.039 0.143 -0.009 0.106 0.059 0.040 

2004 0.073 0.095 0.052 0.308 0.038 0.139 -0.141 0.169 0.050 0.046 

2005 0.017 0.051 -0.027 0.274 -0.003 0.136 -0.099 0.112 -0.006 0.010 

2006 0.023 0.038 0.005 0.281 0.003 0.293 -0.024 0.080 0.144 0.008 

2007 0.069 0.100 0.065 0.333 0.058 0.266 0.022 0.177 0.190 0.079 

2008 0.370 0.429 0.302 0.513 0.238 0.850 0.447 0.475 0.482 0.378 

2009-2018 0.422 0.703 0.272 0.729 0.257 8.875 2.094 1.259 3.592 1.838 

2009 0.681 0.646 0.483 0.640 0.431 1.887 1.786 0.280 0.891 0.723 

2010 0.458 0.694 0.243 0.611 0.223 6.709 3.187 0.584 2.631 1.483 

2011 0.672 1.586 0.358 0.931 0.342 16.219 6.699 2.243 7.728 2.793 

2012 0.818 1.446 0.329 1.224 0.380 21.511 4.492 3.082 8.823 4.291 

2013 0.386 0.786 0.237 0.836 0.337 8.460 2.176 1.731 4.686 2.938 

2014 0.257 0.483 0.218 0.661 0.224 5.854 1.009 0.852 2.406 1.491 

2015 0.214 0.308 0.192 0.543 0.159 10.094 0.461 0.655 1.773 1.203 

2016 0.274 0.373 0.263 0.611 0.190 8.198 0.488 0.806 3.031 1.291 

2017 0.221 0.361 0.185 0.684 0.161 5.588 0.437 0.917 2.632 1.193 

2018 0.236 0.343 0.210 0.552 0.125 4.224 0.203 1.441 1.316 0.971 
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refinance their debt resulted in higher risks of holding government bonds in countries such as 

Greece, Ireland, Italy, Portugal and Spain. In particular the yield of Greece was high, with an 

average difference in yield between Greece and Germany of 21.511 in 2012. 

 

2.2 Determinants of the sovereign yield spread 
Sovereign yield spreads are widely considered to display a country’s overall risk premium. 

Following Dungey et al. (2000), international bond yield spreads can be decomposed into three 

types of risk factors, namely global factors, regional factors, and national factors (see Figure 1). 

In this thesis, a strict difference between global and national risk factors is made, leaving the 

figural grey area in between as regional risk factors. 

 

By aggregate risk factors, the global level of instability is meant. An increase in the global level 

of instability is caused by higher risk aversion among investors worldwide. As such, higher 

investors’ risk aversion implies a higher risk premium and, thus, a higher yield spread. The 

analysis of Caceres et al. (2010) showed global risk aversion played a significant role in 

explaining euro area sovereign spreads, whilst more recently country-specific factors play a more 

dominant role. 

 

Papers about regional risk factors, encompassing everything between global and national factors, 

focus on contagion, regional institutions, and exchange rate risk. Contagion captures negative 

externalities diffusing from one crashing market to another. De Santis (2012) found significant 

spillovers from Greece to other southern-European countries, such as Spain, Italy, Ireland and 

Portugal from 2008 to 2011. Additionally, regional institutions form a risk factor that is 

important for explaining sovereign yield spreads. This factor measures the influence of 

institutions on the financial market and, thereby, also on sovereign bond yields. Lastly, exchange 

rate risk can play a role in explaining sovereign yield spreads, as well. Codogno et al. (2003) 

showed a steady convergence of government bond yields in the euro area as the introduction of 

the euro approached. The introduction of the euro took away expected exchange rate movements 

and, thereby, exchange rate risk.  
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The importance of the national factors in times of crisis was emphasized by Dotz and Fischer 

(2010). The increased expected loss component in their study suggests the important role of 

country-specific factors compared to global factors. As a drawback, they only look at the very 

beginning of the crisis. Codogno et al. (2003) mentioned the convergence of government bond 

yields to be due to harmonization of tax treatments before the start of the monetary union in 

1999, while credit risk (e.g. controls on capital movements) had been removed a long time before 

that.  This would leave only credit risk and liquidity risk as being relevant for a study on country 

level (as this thesis is). According to earlier research, for example by Longstaff et al. (2005), 

credit risk is the most prominent risk factor for explaining government yields. With credit default 

swaps as a proxy for credit risk they found a significant factor for all rating categories. Credit 

risk captures the risk that the issuer (in this case the government) is unable to meet its required 

payments. Liquidity risk however, refers to the event in which a security cannot be traded fast, 

without influencing the price on the market. Favero et al. (2010) suggested that sovereign yields 

are increasing in illiquidity. On the contrary, Bernoth et al. (2012) found periods in which the 

liquidity premium vanishes completely. This would mean there is no role for liquidity at all. 

 

Figure 1 

Factors affecting sovereign bond yields 

  
Notes: This figure shows all factors influencing international sovereign bond yields based on earlier research. 

Depending on the level and research type, one can zoom in on specific factors. 
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Based on the findings of the literature discussed in this paragraph, it is assumed that by looking 

at a country level and differences between countries, global and regional factors are not 

important. Even tax treatment and control risk are so much harmonized within the euro area that 

only liquidity risk and credit risk play a notifiable role in determining the yield spreads for the 

sample of this paper. In that sense, more recent studies, such as Beber et al. (2009), are observed 

for the decomposition in this paper. 

 

2.3 Hypothesis development 
For many decades a positive relation between credit risk and yield spreads has been assumed 

(Merton, 1974). However, the extent to which it can explain sovereign yield spreads is still a 

disputed part of the finance literature. Especially liquidity risk is regarded to have important 

explanatory value on a country level. There is consensus in earlier empirical literature on the 

observation that the liquidity risk premium decreases with the level of market integration. For 

example Bernoth et al. (2004) found a decrease in the liquidity risk premium with the 

introduction of the euro. Manganelli and Wolswijk (2009) discovered a higher liquidity risk 

premium since the start of the financial crisis in 2007. They even propose the solution of policy 

measures enhancing further integration to eliminate the liquidity risk premium.  

 

Using yield quintiles as the indication for market stress within the EMU-country in question, the 

first hypothesis has the objective to show that credit risk is not the only factor affecting the yield 

spread on a county-specific level. Although indicating towards a liquidity risk premium this 

hypothesis at least shows that there is a non-credit risk factor explaining the yield spread in times 

of high market stress. Hypothesis 1 is therefore formulated as follows: 

 

Hypothesis 1: The positive correlation between credit risk and sovereign yield spreads drops in times of 

high market stress. 

 

In related literature, credit risk is considered to be the main driver of EMU yield spreads since 

the introduction of the euro. As such, Lemmen and Goodhart (1999) pointed to credit risk as the 

principal source of government debt markets in EMU. Longstaff et al. (2005) concluded that 

default risk accounts for more than 50% of the variation in corporate spreads.  
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By means of an unconditional cross-sectional decomposition of the sovereign yield spread, the 

dominance of credit risk in explaining the spread is pointed out. This is done numerically in the 

form of a credit to liquidity contribution ratio and graphically in the form of a stacked bar chart. 

This leads to the second hypothesis: 

 

Hypothesis 2: Credit risk always dominates liquidity risk in explaining the sovereign yield spread. 

 

Duffie et al. (2003) concluded that there is a significant variation of Russian sovereign yield 

spreads over time. They also found both credit risk and liquidity risk to be the main drivers of the 

Russian spread. Besides a large default component, Longstaff et al. (2005) observed systematic 

time variation and mean reversion in the non-default component of the corporate spread, as well.  

 

To understand the relative importance of credit and liquidity risk, Hypothesis 3 looks at the time 

variation of the relative explanatory value. Following the methodology of Xiong et al. (2010) a 

decomposition is made of the time-series from sovereign yield spreads in terms of 𝑅2. The third 

hypothesis is formulated as follows: 

 

Hypothesis 3: There is a time variation in the significance of the importance of liquidity risk relative to 

credit risk. 

Hypothesis 1 leads to the question: “what causes the decline in correlation between credit risk 

and sovereign yield spreads in the EMU?” As mentioned previously, liquidity risk has an 

important explanatory value to sovereign yield spreads according to earlier research. The 

important explanatory factor of liquidity risk is caused by investors who try to defensively 

rebalance their portfolio when there is an increase in market uncertainty by looking more at 

short-term liquidity risk (and transaction costs) and relatively less at long-term credit risk (Beber 

et al. 2009). Such a finding implies an important role for liquidity, especially in low credit risk 

countries and in times of high market uncertainty. Ericsson and Renault (2006) on the other 

hand, found an increase in the illiquidity component in their model when default becomes more 

likely. The increased illiquidity component implies a bigger role for liquidity in high credit risk 

countries. 
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To measure market stress, five groups of yield level have been composed for the first hypothesis. 

The cross-sectional credit to liquidity ratio from the second hypothesis can now be used to see 

whether there are differences in this ratio between different groups. This way the forth 

hypothesis is tested. 

 

Hypothesis 4: The role of liquidity risk increases in times of market stress relative to credit risk. 

 

Assuming that the correlation between liquidity and the sovereign yield spread is positive, the 

estimator in a simple linear regression of sovereign yield spread on credit risk would be too high, 

representing a positive bias. In the paper asset pricing with liquidity risk, Acharya and Pederson 

(2005) expanded their regression model by using a liquidity-adjusted capital asset pricing model 

(CAPM). Likewise, a liquidity factor can be added to the simple linear regression of sovereign 

yield spread on credit spread. This gives a regression of sovereign yield spreads onto credit 

spread and liquidity spread. From this regression a credit to liquidity contribution ratio can be 

calculated for different EMU-countries. By comparing the credit to liquidity contribution ratio 

for different stress levels, the preferences for liquidity can be calculated per EMU-country. This 

can be used as an additional explanation to Hypothesis 2.  

 

If liquidity risk is taken into account when market stress is at its highest, excluding market stress 

would increase the explanatory value of credit risk on sovereign yield spreads. This increase 

would underline the trade-off effect between credit risk and liquidity risk when explaining 

sovereign yield spreads. Hypothesis 5 controls for the quintile of highest yield to proxy times of 

greatest market stress. 

 

Hypothesis 5: By controlling for the quintile of greatest market stress, the explanatory value of credit risk 

on sovereign yield spreads increases. 

 

Hypothesis 5 would be especially of importance for research only looking at credit risk. By 

controlling for liquidity risk the upward bias in the simple regression of sovereign yield spread 

on credit risk is removed. The argumentation could be raised that by controlling for market 

uncertainty the data is not representative anymore. However, using data with and without 

controlling for the greatest market stress solves this problem. 
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CHAPTER 3 Data 
 

The Data Chapter is split into two parts. The first part looks at the sample and the scope of the 

sample period for this thesis. The second part discusses the sources and construction of the data. 

This involves the construction of the liquidity measure, which needed to be aggregated to 

country and daily level to correspond with the other variables. 

 

3.1 The sample and the scope of the sample period 
In this empirical research, a sample consisting of 11 countries within the Economic and 

Monetary Union (EMU) is used. These countries are Austria, Belgium, Finland, France, Greece, 

Germany, Ireland, Italy, the Netherlands, Portugal, and Spain. The sample period is January 

2008 until January 2016 and is used in order to give a balanced panel dataset. In other time 

periods, the sovereign yield spread in EMU-countries is close to zero, making it an uninteresting 

time period for a decomposing of yield spreads. The chosen time period includes instances of 

great uncertainty, for example the global financial crisis of 2008 and the European sovereign 

debt crisis. In Figure 2, the evolution of 10 year sovereign yields are represented graphically. The 

sample period captures at least the European sovereign debt crisis. After a stable period, a time 

of uncertainty for European sovereign states started in 2009, followed by a rapid increase of 

yields in 2010 and 2011. Most government yields started to show a decline in 2012, which is 

mostly due to the implementation of structural reforms in the peripheral countries (Karanikolos 

et al., 2013). Following the words of Mario Dragi from November 2014, the crisis ended in the 

second quarter of 2013. However, he also mentioned some real factors remained weak: “The 

euro area exited recession in the second quarter of 2013, but underlying growth momentum 

remains weak. Unemployment is only falling very slowly. And confidence in our overall 

economic prospects is fragile and easily disrupted, feeding into low investments.” This refers to 

the peripheral countries within the EMU. The countries within the dataset can be grouped into 

two categories based on sovereign bond yields. By using Figure 2, a difference is made between 

core counties, including Austria, Belgium, Finland, France, Germany, and the Netherlands and 

the more peripheral counties, including Greece, Ireland, Italy, Portugal, and Spain.1 A clear 

difference between the two groups can be seen when comparing the corresponding yields. 

                                                           
1 The peripheral counties are also known under the abbreviations southern- or GIIPS-countries. 
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Figure 2 

10 year sovereign bond yields in EMU-countries 

Notes: This figure shows evolution of the sovereign bond yields with 10 years to maturity. The yield is taken from 

an index of generic yields. The yield is the net realized return/principal amount for a bond, with the government as 

issuer. 

 
Figure 3 

10 year credit default swaps in EMU-countries 

Notes: This figure shows the evolution of credit default swaps on government bonds with 10 years to maturity. The 

CDS is a derivative contract enabling market participants to swap credit risk with other market participants. In this 

figure the price of the CDS can be seen. The CDS of Greece has been winsorized at a level of 2500. 
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3.2 The sources and construction of the data 
As represented in Table 1, the sample consists of a great variety of data. The most important of 

which are the sovereign bond yields and the proxies for liquidity risk and credit risk, which are 

the three liquidity measures based on trade and quote information and the credit default swaps 

respectively. Further there are some bond characteristics mentioned, which have been used for 

the aggregation of the variables to daily and country level.  

 

The sovereign bond yields represented graphically above are taken from the database 

Bloomberg. These are the historical, generic yields of an index from Markit with a daily 

frequency. As can be seen in Table 1, the dataset contains of a wide range of time intervals for 

the bonds looked at, consisting of a o maturity form one year up until and including 20 years. 

The sovereign yield spreads are constructed on country level by subtracting the sovereign yields 

of the country in question by the sovereign yields of Germany. The yield of Germany is taken as 

a benchmark, because the risk on these bonds are usually neglectable. This gives five yield 

spreads for core countries and five yield spreads for peripheral countries. 

 

The data of the credit default swaps, which proxies credit risk, is taken from Bloomberg. These 

are again ex-post prices, this time from Ice Norge AS with a daily frequency. The bond 

characteristics of the credit default swaps are by construction similar to the sovereign yields, 

mentioned in the last paragraph. As so, the time to maturity, 10 years, corresponds with other 

data used and again Germany is used as a benchmark. In Figure 3 can be seen that Germany has 

the lowest CDS, making them a relevant benchmark. As a drawback, however, there is 

counterparty risk included, because the CDS are issued by banks. Especially in the time period of 

the global financial crisis of 2008 this could lead to biased estimates. Nevertheless, Rodrigues et 

al. (2018) showed over the time period 2005-2016 that the CDS spreads had the ability to predict 

sovereign crisis, while credit ratings had no predictive ability. This means that CDS would be the 

best credit risk measure according to earlier research. What also can be seen from Figure 3 is that 

the CDS of Greece is winsorized at a level of 2500, because it affects the data too much if it 

would jump to a level over 20,000 (what it did). 
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The data for the liquidity measures are taken from the Mercato telematico dei Titoli di Stato 

(MTS) interdealer platform, which are observed at an intra-day frequency. On the MTS platform, 

all sovereign debt securities are quoted in the order book data, allowing to create quote based 

liquidity measures. For measuring the tightness of liquidity, in this research two common types 

of liquidity measures are being used, namely: the bid-ask, and the depth of the liquidity based on 

the quoted volume. Both measures are constructed in such a way that it gives the level of 

illiquidity. Therefore, a higher value indicates more liquidity risk. The bid-ask and the depth of 

the liquidity only look to a single dimension: price and volume, respectively. Nevertheless, both 

of these measures are of importance. In the exceptional case of a tight spread and no tradable 

volume or a large spread and a generous volume the measures would contradict. In the main text 

of this thesis the bid-ask spread is used. This leaves the quoted volume as liquidity measure for 

the robustness checks of Chapter 6.  

 

Both liquidity measures have been aggregated to daily level and country level for 10 years to 

maturities to match the sovereign yields and the credit default swap data. Another frequently 

used dimension is seasonedness (e.g. how recently a security was issued). Since this dataset 

consists only of on-the-run securities this dimension would not add anything. The aggregation of 

the high intra-day frequency to a daily level has been done in correspondence with Boyd Buis, 

following his paper (Buis et al., 2018)2. A value-weighted liquidity measure holds a bias, 

because liquidity is increasing in issue size (Pellizzon et al., 2013).3 Therefore, the aggregation to 

country level has been done equally-weighted. An allowance of 10% in the time to maturity has 

been accepted to make the country level aggregation per maturity to make buckets of them (e.g. a 

maturity between nine and eleven for ten years to maturity et cetera).  

 

3.3 Summary statistics 

Credit risk is captured by credit default swaps, while liquidity risk is captured by an equally-

weighted bid-ask spread within the Empirical Results of this paper. The summary statistics of 

                                                           
2 Nonetheless, this thesis contributes a lot to existing literature such as Buis et al. (2018) by making a decomposition 

based on 𝑅2 and using different yield quintiles as a proxy for market stress. 
3 One can argue equal weights generates a bias (e.g. a lower liquidity measure) as well in the case of a small, illiquid 

bond in their maturity bucket. However, Figure 8 (page 42) shows there are no outliers, resulting in the fact that the 

bias is neglectable in this research. 
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these two measures are represented in Table 2, where Panel A analyses days at which the 20% 

highest yield was denoted and Panel B analysis days at which the 20% lowest yield was denoted. 

These two quintiles give an indication whether the data is about periods of high stress or low 

stress. Panel A overall gives higher values for the for credit default swaps and the bid-ask spread 

than Panel B. For the CDS these higher values can only be observed for the GIIPS-countries. The 

core countries, on the contrary, show a decrease of CDS in stressed periods. The bid-ask spread 

increases for all countries except Germany in stressed periods of high yield. 

 

Thus, periods of higher stress are associated with high credit risk and liquidity risk for most 

countries. This gives preliminary information about the movements of the two risk types. Despite 

these absolute observations, no conclusions can be drawn based on Table 2. In the next chapter 

the methodology for relative measurements is discussed. 

 

Table 2 

Summary statistics on CDS and bid-ask for the lowest and highest yield quintile 
Panel A: Highest quintile 

  credit default swap bid-ask 

Variable Mean Median Std. dev. Min. Max. Mean Median Std. dev. Min. Max. 

Germany 25.953 24.790 17.294 7.600 70.895 0.066 0.059 0.028 0.032 0.200 

Austria 73.728 68.500 63.282 10.500 260.140 0.416 0.269 0.356 0.070 1.936 

Belgium 132.526 142.250 102.364 21.200 400.000 0.292 0.214 0.261 0.048 2.298 

Finland 33.313 28.390 21.771 9.900 94.150 0.299 0.160 0.367 0.025 5.657 

France 38.941 27.795 36.568 9.600 260.330 0.169 0.106 0.142 0.030 0.773 

Netherlands 43.028 33.500 34.541 9.600 126.330 0.163 0.155 0.117 0.030 1.532 

Greece 2320.324 2500.000 412.176 935.410 2500.000 1.542 1.371 0.885 0.094 7.205 

Ireland 550.783 539.020 81.009 371.260 952.770 0.400 0.323 0.296 0.079 2.419 

Italy 364.890 405.520 144.337 35.000 566.195 2.809 2.512 1.160 0.738 7.232 

Portugal 737.464 778.130 156.228 423.480 1161.100 4.794 3.903 2.602 1.176 12.834 

Spain 371.442 362.280 92.432 208.440 570.510 0.540 0.444 0.327 0.145 2.245 

Panel B: Lowest quintile 

  credit default swap bid-ask 

Variable Mean Median Std. dev. Min. Max. Mean Median Std. dev. Min. Max. 

Germany 41.834 38.375 15.378 30.500 137.510 0.070 0.066 0.022 0.028 0.196 

Austria 52.526 51.000 5.777 40.720 77.025 0.092 0.060 0.152 0.027 1.693 

Belgium 82.225 81.010 6.556 66.845 170.010 0.064 0.040 0.123 0.025 1.215 

Finland 48.480 49.000 2.826 39.920 63.105 0.062 0.050 0.075 0.021 0.996 

France 79.428 78.010 13.542 37.470 131.295 0.055 0.048 0.032 0.027 0.332 

Netherlands 46.303 43.000 10.421 32.500 95.000 0.045 0.029 0.079 0.017 1.432 

Greece 111.294 109.550 58.160 41.800 261.700 0.313 0.227 0.333 0.047 3.215 

Ireland 94.027 95.000 7.254 75.665 115.820 0.114 0.088 0.122 0.028 1.851 

Italy 169.357 165.000 21.054 133.970 235.060 0.246 0.220 0.213 0.079 4.034 

Portugal 235.373 234.000 28.030 173.715 308.330 0.365 0.295 0.275 0.077 2.520 

Spain 137.830 138.000 15.740 97.005 176.990 0.187 0.157 0.142 0.064 1.998 

Notes: This table reports a comparison of both credit default swap and the bid-ask between periods of high yield and 

periods of low yield. High yield is classified as the 20% highest yield and low yield as the 20% lowest yield.  Both are 

based on a daily sample of eight years generating 2079 observations per country. 
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Table 3 presents the Spearman correlations among yield, CDS and bid-ask. The relation between 

liquidity measure bid-ask and yield resembles Table 2. For all countries there is a significant 

positive relation, except for Germany. The relationship between liquidity risk and yield is 

insignificant in Germany. The relationship between CDS’s and yield is more various. While the 

GIIPS-countries all show a strong positive relationship, most core countries show a negative 

relationship. Exceptions are Belgium (no relation) and Austria (a positive significant 

relationship). More troublesome is the positive relation between credit risk and liquidity risk. 

This positive relation underlines the need to decompose the yield and look at differences in stress 

level.  
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CHAPTER 4 Methodology 
 

The Methodology discusses the method employed for this thesis with respect to evaluating the 

five hypotheses. Although the proxies are already mentioned in the Data (as displayed in the 

Data Summary of Table 2) and the hypotheses are developed in the Related Literature, the 

construction of the variables is described below. After the Methodology, only spreads are used, 

as opposed to the chapters before the Methodology where Germany is not yet used as a 

benchmark. The tests used in this research follow in this chapter ordered per hypothesis. 

 
Hypothesis 1: The positive correlation between credit risk and sovereign yield spreads drops in times of 

high market stress. 

 

For Hypothesis 1, yield is scaled into five quintiles as a proxy for the level of market stress. Per 

country, the daily level of yield is put in one of the five baskets. The correlation between CDS 

spreads for sovereign yield spreads on that day is measured and is put in that basket/quintile. 

Then, an average correlation is calculated and differences in correlation between credit risk and 

yield can be observed per stress level (e.g. per quintile/basket). If the correlation decreases when 

looking at a higher quintile, Hypothesis 1 is accepted. 

 

As a first step towards Hypothesis 2, a simple linear regression equation is used to regress 

sovereign yield spread onto credit risk. The formula is as follows: 

𝑌𝑖,𝑡 − 𝑌𝐺𝐸𝑅,𝑡 = α + 𝛽𝑖 (𝐶𝐷𝑆𝑖,𝑡 −  𝐶𝐷𝑆𝐺𝐸𝑅,𝑡) + 휀𝑖,𝑡                                                                        (1) 

In the formula the sovereign yield spread is given for county i on time t as the dependent variable 

with Germany as benchmark. The difference between the credit default swap of country i on time 

t and the credit default swap of Germany on time t is used as a proxy for credit risk, which is the 

independent variable. Beta gives the sensitivity of the sovereign yield spread when the credit risk 

changes for country i. Alpha displays the amount of the sovereign yield spread that cannot be 

explained by the credit risk and epsilon gives the white random error component of country i on 

time t. 

 

Hypothesis 2: Credit risk dominates liquidity risk in explaining the sovereign yield spread. 
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According to earlier research, liquidity also plays a big role in explaining sovereign yield spreads 

(Acharya & Pederson, 2005). This would mean that there is an omitted variable bias in the 

previous regression. Using a multiple linear regression formula including both credit and 

liquidity risk would solve this problem. The following model is based on Beber et al. (2009): 

𝑌𝑖,𝑡 − 𝑌𝐺𝐸𝑅,𝑡 = α + 𝛽𝑖 (𝐶𝐷𝑆𝑖,𝑡 −  𝐶𝐷𝑆𝐺𝐸𝑅,𝑡) + 𝛿𝑖 (𝐿𝐼𝑄𝑖,𝑡 −  𝐿𝐼𝑄𝐺𝐸𝑅,𝑡) + 휀𝑖,𝑡                               (2) 

The only difference is the added liquidity risk, taken as the difference between the liquidity 

measure of country i on time t and the liquidity measure of German on time t. Also, the 

sensitivity measure delta is added to the equation. Beta can be interpreted as the sensitivity of the 

sovereign yield spread to credit risk, while delta is the sensitivity to liquidity risk. If beta is 

bigger than delta for all countries, Hypothesis 2 can be accepted. As an addition a credit to 

liquidity contribution ratio is calculated for a boom and bust period per country. Figure 2 can be 

used to find the peak in the sovereign bond yield for each country.  

To be able to interpret the regression results the natural logarithm is used for the credit default 

swaps and the bid-ask. The logarithmic transformation moderates the effect of extreme values. 

Running regressions while using absolute values would lead to biased results. The logarithmic 

transformation is defined as follows: 

𝐶𝐷𝑆𝑖,𝑡 = log(𝑐𝑑𝑠𝑖,𝑡)   &   𝐿𝐼𝑄𝑖,𝑡 = log(𝑙𝑖𝑞𝑖,𝑡) 

To look at Hypothesis 2 graphically, a stacked bar chart is used to show the proportions of the 

credit contribution and the liquidity contribution graphically. 𝑅2 is used to make a difference 

between the explained part of credit risk and liquidity risk, generating three percentages per 

country. The formulas below are used to calculate the credit and liquidity proportion. When 

adding up to 100%, the remaining part is the unexplained proportion. 

 

𝐶𝑟𝑒𝑑𝑖𝑡 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑖 =
|𝑐𝑟𝑒𝑑𝑖𝑡 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑖|

|𝑐𝑟𝑒𝑑𝑖𝑡 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑖| + |𝑙𝑖𝑞𝑢𝑖𝑑𝑖𝑡𝑦 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑖|
∗  𝑅2 

𝐿𝑖𝑞𝑢𝑖𝑑𝑖𝑡𝑦 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑖 =
|𝑙𝑖𝑞𝑢𝑖𝑑𝑖𝑡𝑦 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑖|

|𝑐𝑟𝑒𝑑𝑖𝑡 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑖| + |𝑙𝑖𝑞𝑢𝑖𝑑𝑖𝑡𝑦 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑖|
∗ 𝑅2 

𝑈𝑛𝑒𝑥𝑝𝑙𝑎𝑖𝑛𝑒𝑑 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑖 = 1 - 𝐶𝑟𝑒𝑑𝑖𝑡 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑖 - 𝐿𝑖𝑞𝑢𝑖𝑑𝑖𝑡𝑦 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑖 
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Hypothesis 3: There is a time variation in the significance of the importance of liquidity risk relative to 

credit risk. 

 

In addition, a decomposition of the time-series from sovereign yield spread in terms of 𝑅2 can be 

made, following the methodology of Xiong et al. (2010). Beta and delta are made time-varying 

using covariance and variance per country as the formulas beneath show.  

 

𝛽𝑖,𝑡 = 
𝐶𝑜𝑣 ((𝑌𝑖,𝑡−𝑌𝐺𝐸𝑅,𝑡),(𝐶𝐷𝑆𝑖,𝑡− 𝐶𝐷𝑆𝐺𝐸𝑅,𝑡))

𝑉𝑎𝑟(𝐶𝐷𝑆𝑖,𝑡− 𝐶𝐷𝑆𝐺𝐸𝑅,𝑡)
   &   𝛿𝑖,𝑡 =  

𝐶𝑜𝑣 ((𝑌𝑖,𝑡−𝑌𝐺𝐸𝑅,𝑡),(𝐿𝐼𝑄𝑖,𝑡− 𝐿𝐼𝑄𝐺𝐸𝑅,𝑡)) 

𝑉𝑎𝑟(𝐿𝐼𝑄𝑖,𝑡− 𝐿𝐼𝑄𝐺𝐸𝑅,𝑡) 
 

 

In contrast to the regression used for Hypothesis 2, beta is time-varying in this formula. Beta is 

given for country i on time t. Sovereign yields and credit default swaps are given for county i on 

time t as well with Germany as a benchmark to calculate the spread. Also, the proportions used 

for credit risk and liquidity risk change to time-varying variables based on Beber et al. (2009): 

 

𝐶𝑟𝑒𝑑𝑖𝑡 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑖,𝑡 =
|𝑐𝑟𝑒𝑑𝑖𝑡 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑖,𝑡|

|𝑐𝑟𝑒𝑑𝑖𝑡 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑖,𝑡| + |𝑙𝑖𝑞𝑢𝑖𝑑𝑖𝑡𝑦 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑖,𝑡|
 

𝐿𝑖𝑞𝑢𝑖𝑑𝑖𝑡𝑦 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑖,𝑡 =
|𝑙𝑖𝑞𝑢𝑖𝑑𝑖𝑡𝑦 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑖,𝑡|

|𝑐𝑟𝑒𝑑𝑖𝑡 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑖,𝑡| + |𝑙𝑖𝑞𝑢𝑖𝑑𝑖𝑡𝑦 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑖,𝑡|
 

 

A 100% stacked area graph is used to show the time variation in the two proportions above. A 

half-yearly rolling window with time periods of one year is used to make the graph. To answer 

Hypothesis 3, a likelihood ratio test between Model 1 and Model 2 is done per years. Based on 

the significance of the chi-squares, a conclusion can be drawn about the added value of liquidity 

risk relative to credit risk. When the goodness of fit of Model 2 relative to Model 1 changes in 

significance, there is significant time variation in the importance of liquidity risk relative to 

credit risk and Hypothesis 3 is accepted. 

 
Hypothesis 4: The role of liquidity risk increases in times of market stress relative to credit risk. 

 

The CDS spread, liquidity spread, and yield spread based on natural logarithms utilized for 

Hypothesis 2, are used for Hypothesis 4, as well. Similar to the approach in Hypothesis 1, yield 
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quintiles are used to create market stress buckets. The credit to liquidity contribution ratio is 

averaged per quintile. If the difference between the highest and the lowest quintile is 

significantly bigger than zero Hypothesis 4 can be accepted.  

 

Hypothesis 5: By controlling for the quintile of greatest market stress, the explanatory value of credit risk 

on sovereign yield spreads increases. 

 

To test Hypothesis 5, the cross-sectional regression from Hypothesis 2 is used again. When 

erasing the highest yield quintile from the dataset, beta (e.g. the sensitivity of the sovereign yield 

spread to credit risk) should increase to be able to accept Hypothesis 5. 
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CHAPTER 5 Empirical Results 
 

The Empirical Results Chapter describes how the hypotheses, which were developed in Chapter 

2, are tested. Each of the five hypotheses is either accepted or rejected based on the test results. 

These test results are represented in tables and graphs within this chapter. Differences are made 

between, among others, peripheral and core countries, boom and bust periods, and various stress 

levels.  

 

Table 4 shows Spearman correlations among CDS spread and yield spread, which can be used to 

answer Hypothesis 1. The correlations are shown for different yield quintiles (Panel A) and 

different years (Panel B). The columns show different counties, a specific average core, and an 

average peripheral column. The table supports earlier literature by displaying a positive 

coefficient in almost all correlations. Especially the difference in total correlation between core 

countries and peripheral countries is notable. Where the yield spread from the former is, with an 

average correlation of 0.60, weakly positively related to the CDS spread, the latter shows an 

almost one-on-one relation between the two variables, as they have an average correlation of 

0.94. The higher total correlation than the correlation in all quintiles seems counterintuitive, but 

can be explained by Simpson’s paradox: a trend appears in the whole dataset, but gets smaller in 

the subsamples. 

 

Panel A fails to depict a lower correlation between the CDS spread and the yield spread for 

higher yield levels. When comparing the first yield quintile and the fifth yield quintile, the 

correlation seems to increase per yield quintile for both core and peripheral countries. Such a 

finding indicates a higher correlation between the CDS spread and the yield spread, leaving less 

space for liquidity in high stressed markets. This goes against the flight-to-liquidity principle 

discussed by Beber et al. (2009). Hypothesis 1 is therefore rejected. In spite of this rejection, the 

average correlations of 0.44 and 0.74 in the fifth yield quintile leave enough space for the 

liquidity spread to have explanatory value in determining the yield spread.  
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Panel B of Table 4 shows a lower correlation in the second half of the dataset for all countries. 

This emphasizes the importance to look at a boom and a bust period, which is done for 

Hypothesis 2. In addition, the average correlation of core countries shows an important 

development. It gets more and more insignificant towards the end of the sovereign debt crisis. 

The increasing insignificance of the results can be interpreted as liquidity risk being the only 

driver of the yield spread in the time period after the crisis. 

 

 

Table 4 

Spearman correlations among CDS spread and yield spread 

Panel A: per yield quintile 

Quintile Austria Belgium Finland France Netherlands 
Average 

Core 
Greece Ireland Italy Portugal Spain 

Average 

Peripheral 

1nd  0.70 

(0.00) 

-0.46 

(0.00) 

0.57 

(0.00) 

-0.12 

(0.01) 

0.15 

(0.00) 
0.10 

(0.06) 

0.74 

(0.00) 

0.20 

(0.00) 

0.31 

(0.00) 

0.61 

(0.00) 

0.11 

(0.03) 
0.39 

(0.00) 

2nd  0.72 

(0.00) 

0.83 

(0.00) 

0.74 

(0.00) 

0.82 

(0.00) 

0.61 

(0.00) 
0.57 

(0.00) 

0.82 

(0.00) 

0.62 

(0.00) 

0.64 

(0.00) 

0.89 

(0.00) 

0.58 

(0.00) 
0.71 

(0.00) 

3th 0.82 

(0.00) 

0.79 

(0.00) 

0.64 

(0.00) 

0.91 

(0.00) 

0.45 

(0.00) 
0.55 

(0.00) 

0.77 

(0.00) 

0.94 

(0.00) 

0.88 

(0.00) 

0.73 

(0.00) 

0.92 

(0.00) 
0.85 

(0.00) 

4th 0.75 

(0.00) 

0.68 

(0.00) 

0.43 

(0.00) 

0.51 

(0.00) 

0.42 

(0.00) 
0.42 

(0.00) 

0.73 

(0.00) 

0.84 

(0.00) 

0.93 

(0.00) 

0.77 

(0.00) 

0.97 

(0.00) 
0.85 

(0.00) 

5th  0.89 

(0.00) 

0.55 

(0.00) 

0.14 

(0.12) 

0.00 

(0.99) 

0.83 

(0.00) 
0.44 

(0.00) 

0.61 

(0.00) 

0.66 

(0.00) 

0.91 

(0.00) 

0.65 

(0.00) 

0.86 

(0.00) 
0.74 

(0.00) 

total 0.84 

(0.00) 

0.89 

(0.0) 

0.72 

(0.00) 

0.83 

(0.00) 

0.57 

(0.00) 
0.60 

(0.00) 

0.86 

(0.00) 

0.96 

(0.00) 

0.96 

(0.00) 

0.97 

(0.00) 

0.95 

(0.00) 
0.94 

(0.00) 

Panel B: per year 

Date Austria Belgium Finland France Netherlands 
Average 

Core 
Greece Ireland Italy Portugal Spain 

Average 

Peripheral 

2008 0.84 

(0.00) 

0.83 

(0.00) 

0.81 

(0.00) 

0.41 

(0.00) 

0.77 

(0.00) 
0.73 

(0.00) 

0.93 

(0.00) 

0.90 

(0.00) 

0.91 

(0.00) 

0.79 

(0.00) 

0.82 

(0.00) 
0.87 

(0.00) 

2009 0.83 

(0.00) 

0.80 

(0.00) 

0.72 

(0.00) 

0.14 

(0.00) 

0.83 

(0.00) 
0.566 

(0.00) 

0.65 

(0.00) 

0.69 

(0.00) 

0.75 

(0.00) 

0.09 

(0.00) 

0.24 

(0.00) 
0.48 

(0.00) 

2010 0.38 

(0.00) 

0.87 

(0.00) 

0.10 

(0.00) 

0.58 

(0.00) 

0.12 

(0.01) 
0.41 

(0.00) 

0.89 

(0.00) 

0.96 

(0.00) 

0.92 

(0.00) 

0.86 

(0.00) 

0.92 

(0.00) 
0.91 

(0.00) 

2011 0.91 

(0.00) 

0.95 

(0.00) 

0.45 

(0.00) 

0.91 

(0.00) 

0.43 

(0.00) 
0.73 

(0.00) 

0.87 

(0.00) 

0.69 

(0.00) 

0.96 

(0.00) 

0.92 

(0.00) 

0.86 

(0.00) 
0.86 

(0.00) 

2012 0.92 

(0.00) 

0.93 

(0.00) 

0.62 

(0.00) 

0.83 

(0.00) 

0.50 

(0.00) 
0.76 

(0.00) 

-0.62 

(0.00) 

0.84 

(0.00) 

0.88 

(0.00) 

0.89 

(0.00) 

0.73 

(0.00) 
0.55 

(0.00) 

2013 0.04 

(0.66) 

0.54 

(0.00) 

0.29 

(0.00) 

0.13 

(0.01) 

0.80 

(0.00) 
0.36 

(0.00) 

0.81 

(0.00) 

0.78 

(0.00) 

0.75 

(0.00) 

0.83 

(0.00) 

0.74 

(0.00) 
0.78 

(0.00) 

2014 0.57 

(0.00) 

-0.57 

(0.00) 

0.36 

(0.00) 

0.14 

(0.00) 

0.70 

(0.00) 
0.24 

(0.00) 

0.82 

(0.00) 

0.78 

(0.00) 

0.26 

(0.00) 

0.78 

(0.00) 

0.54 

(0.00) 
0.64 

(0.00) 

2015 0.77 

(0.00) 

-0.15 

(0.00) 

0.31 

(0.00) 

-0.40 

(0.00) 

-0.09 

(0.14) 
0.09 

(0.14) 

0.74 

(0.00) 

0.26 

(0.00) 

0.69 

(0.00) 

0.81 

(0.00) 

0.62 

(0.00) 
0.62 

(0.00) 

Notes: This table reports Spearman correlations between CDS spread and yield spread. For both variables, Germany has been taken as 

a benchmark. Five yield quintiles are denoted in Panel A to the show differences in correlation for different stress levels. Panel B denotes 

the differences in correlation per year. In addition, a difference between core countries and peripheral countries is made. The number of 

observations per country is 2079. P-values are denoted in parentheses.  
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In Table 5, a positive bias can be observed when looking at the coefficient for credit risk in the 

simple non-linear regression of Model 1 and the coefficient for credit risk in the multiple non-

linear regression of Model 2 (except for France). The positive bias is not surprising, because 

liquidity risk has a positive effect on the yield spread and earlier literature found a positive 

correlation between credit risk and liquidity risk (Ericsson and Renault, 2006). Moreover, Table 

3 shows a positive relation between bid-ask and CDS for all countries (before the spread was 

calculated)4. The adjusted 𝑅2 reveals significant explanatory power of the models in especially 

peripheral countries. For example, in Ireland, credit risk and liquidity risk explain 82.2% of the 

variance in the country’s yield spread. The adjusted 𝑅2 is lower in Model 1 for all countries. The 

higher adjusted 𝑅2 in Model 2 relative to Model 1 (as well as the positive bias) points to an 

important role for liquidity risk. 

                                                           
4 Even the negative bias for France can be explained by Table 3, because France is the only country with a 

correlation between bid-ask and CDS lower than Germany. 

Table 5 

The cross-sectional relation between sovereign yield spread, credit risk, and liquidity risk 

Panel A: Model 1 

 sovereign yield spread 

 Austria Belgium Finland France Netherlands Greece Ireland Italy Portugal Spain 

Constant -0.023*** 

(0.006) 

-1.550*** 

(0.015) 

0.082*** 

(0.009) 

0.044*** 

(0.006) 

0.115*** 

(0.008) 

-20.950*** 

(0.505) 

-8.255*** 

(0.166) 

-5.875*** 

(0.117) 

-9.522*** 

(0.197) 

-5.986*** 

(0.100) 

Credit risk 0.164*** 

(0.006) 

0.603*** 

0.015 

0.082*** 

(0.003) 

0.135*** 

(0.006) 

0.085*** 

(0.004) 

4.667*** 

(0.089) 

2.261*** 

(0,348) 

1.596*** 

(0.024) 

2.511*** 

(0.040) 

1.651*** 

(0.022) 

Adj. R2 0.432 0.610 0.316 0.233 0.299 0.631 0.784 0.774 0.703 0.803 

Panel B: Model 2  
sovereign yield spread 

 Austria Belgium Finland France Netherlands Greece Ireland Italy Portugal Spain 

Constant 0.320*** 

(0.019) 

-1.094*** 

(0.048) 

0.208*** 

(0.013) 

0.221*** 

(0.019) 

0.211*** 

(0.012) 

-4.846*** 

(0.757) 

-4.990*** 

(0.203) 

-4.255*** 

(0.104) 

-4.977*** 

(0.213) 

0.320*** 

(0.106) 

Credit risk 0.116*** 

(0.005) 

0.054*** 

(0.013) 

0.063*** 

(0.003) 

0.138*** 

(0.055) 

0.081*** 

(0.004) 

1.653*** 

(0.123) 

1.503*** 

(0.039) 

1.588*** 

(0.021) 

1.503*** 

(0.039) 

0.116*** 

(0.021) 

Liquidity risk 0.081*** 

(0.004) 

0.048*** 

(0.005) 

0.040*** 

(0.002) 

0.051*** 

(0.004) 

0.025*** 

(0.002) 

0.552*** 

(0.110) 

0.151*** 

(0.024) 

0.833*** 

(0.008) 

0.151*** 

(0.034) 

0.081*** 

(0.011) 

Adj. R2 0.574 0.643 0.417 0.392 0.340 0.635 0.822 0.808 0.775 0.817 

           

Boom  

C/L ratio 
1.668 8.246 1.625 2.204 3.302 3.873 2.501 15.498 8.087 11.119 

Bust 

C/L ratio 
1.265 33.084 4.731 27.483 5.936 10.409 15.989 85.801 9.990 9.201 

Notes: This table reports the outcomes of the regression:  𝑌𝑖,𝑡 − 𝑌𝐺𝐸𝑅,𝑡 = α + 𝛽𝑖 (𝐶𝐷𝑆𝑖,𝑡 − 𝐶𝐷𝑆𝐺𝐸𝑅,𝑡)+ 휀𝑖,𝑡 for Panel A and 

 𝑌𝑖,𝑡 − 𝑌𝐺𝐸𝑅,𝑡 = α + 𝛽𝑖 (𝐶𝐷𝑆𝑖,𝑡 −  𝐶𝐷𝑆𝐺𝐸𝑅,𝑡) + 𝛿𝑖 (𝐿𝐼𝑄𝑖,𝑡 − 𝐿𝐼𝑄𝐺𝐸𝑅,𝑡) + 휀𝑖,𝑡 for Panel B. The difference in generic yield, CDS and bid-ask of 

country i at time t and that of Germany at time t is taken to calculate the spreads used in this regression. The natural logarithm is taken for the 

credit and liquidity measure. All coefficients are for bonds with 10 years to maturity. A significance level of 0.01 is denoted as *** and White 

standard errors are denoted in parentheses. 
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Nevertheless, the credit to liquidity contribution ratio in the boom and the bust periods shows a 

bigger explanatory value for credit risk than for liquidity risk, because the ratio is bigger than 

1.000 for all countries. Especially in the bust, the ratio is high: in eight out of ten counties the 

credit to liquidity contribution ratio is higher in the bust than in the boom. This means that in 

most cases credit risk dominates liquidity risk in explaining the sovereign yield spread in the 

period after the peak. This adds to the literature mentioning credit risk as the most important 

factor explaining the yield spread (Longstaff et al., 2005; Lemmen and Goodhart, 1999). 

 

Figure 4 

The explanatory proportions of credit risk and liquidity risk 

 
Notes: This figure shows the cross-sectional proportion of credit risk and liquidity risk on the sovereign yield 

spread. The proportions are calculated by the following formulas:  𝐶𝑟𝑒𝑑𝑖𝑡 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑖 =
|𝑐𝑟𝑒𝑑𝑖𝑡 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑖|

|𝑐𝑟𝑒𝑑𝑖𝑡 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑖|+|𝑙𝑖𝑞𝑢𝑖𝑑𝑖𝑡𝑦 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑖|
∗  𝑅2 and 𝐿𝑖𝑞𝑢𝑖𝑑𝑖𝑡𝑦 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑖 =

|𝑙𝑖𝑞𝑢𝑖𝑑𝑖𝑡𝑦 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑖|

|𝑐𝑟𝑒𝑑𝑖𝑡 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑖|+|𝑙𝑖𝑞𝑢𝑖𝑑𝑖𝑡𝑦 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑖|
∗ 𝑅2. When adding the three to 100%, the remaining part is the 

𝑈𝑛𝑒𝑥𝑝𝑙𝑎𝑖𝑛𝑒𝑑 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑖. 

 

The proportions of the contributions are shown graphically in Figure 4. The unexplained part is 

substantial in the core countries. In their recent study, Podstawski and Velinov (2018) find an 

increase in credit risk for peripheral countries in times of market stress and a decrease for core 

countries, due to the country-specific bank exposure on sovereign risk. This could explain the 

higher credit risk in peripheral countries. The unexplained part is biggest in the Netherlands. This 

could be due to a lack of investor diversification. The Dutch government recently (May 2019) 

issued green bonds, partly to attract a new group of investors. The money raised through the 
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bond issue, is used to finance sustainable projects. As a dark side, different types of bonds also 

bring fragmentation besides diversification. 

 

 In most countries displayed in Figure 4 credit risk accounts for less than 50% of the variation in 

the yield spread. Only the proportion of credit risk in Ireland, Italy and Portugal are in line with 

outcome of Longstaff et al. (2005) on corporate bonds, showing a credit proportion of more than 

50%. Moreover, Figure 4 shows a bigger bar for credit proportion than for liquidity proportion 

for all ten countries. Therefore, credit risk dominates liquidity risk in all cases. Such findings 

indicate the importance of credit risk. Hence, Hypothesis 2 can be accepted. 

 

 

 

 

 

 

 

Table 6 

Likelihood ratio test on the importance of liquidity risk relative to credit risk 

Date Austria Belgium Finland France Netherlands Greece Ireland Italy Portugal Spain 

2008 
1.59 

(0,207) 

25.84 

(0.000) 

3.93 

(0.047) 

44.84 

(0.000) 

9.86 

(0.002) 

13.36 

(0.000) 

14.86 

(0.000) 

21.14 

(0.000) 

60.73 

(0.000) 

57.39 

(0.000) 

2009 
53.22 

(0.000) 

35.26 

(0.000) 

49.14 

(0.000) 

92.87 

(0.000) 

41.68 

(0.000) 

87.45 

(0.000) 

0.05 

(0.815) 

79.02 

(0.000) 

227.34 

(0.000) 

202.43 

(0.000) 

2010 
6.02 

(0.014) 

0.38 

(0.536) 

7.14 

(0.008) 

0.56 

(0.454) 

1.53 

(0.216) 

12.70 

(0.000) 

35.44 

(0.000) 

21.11 

(0.000) 

1.17 

(0.279) 

22.29 

(0.000) 

2011 
84.42 

(0.000) 

31.80 

(0.000) 

5.38 

(0.020) 

12.55 

(0.000) 

15.37 

(0.000) 

2.43 

(0.119) 

43.98 

(0.000) 

24.14 

(0.000) 

67.81 

(0.000) 

23.12 

(0.000) 

2012 
1.19 

(0.275) 

19.20 

(0.000) 

4.43 

(0.035) 

8.78 

(0.003) 

0.79 

(0.375) 

0.58 

(0.446) 

20.17 

(0.000) 

0.10 

(0.746) 

14.61 

(0.000) 

1.09 

(0.297) 

2013 
34.21 

(0.000) 

3.82 

(0.051) 

1.21 

(0.271) 

0.89 

(0.345) 

0.20 

(0.652) 

2.99 

(0.084) 

97.74 

(0.000) 

76.89 

(0.000) 

33.31 

(0.000) 

121.35 

(0.000) 

2014 
2.43 

(0.119) 

42.43 

(0.000) 

9.10 

(0.003) 

13.27 

(0.000) 

0.09 

(0.770) 

8.61 

(0.003) 

8.28 

(0.004) 

16.81 

(0.000) 

6.20 

(0.013) 

0.74 

(0.391) 

2015 
7.27 

(0.007) 

12.98 

(0.000) 

13.26 

(0.000) 

0.22 

(0.643) 

3.67 

(0.055) 

6.65 

(0.010) 

2.01 

(0.156) 

48.75 

(0.000) 

62.12 

(0.000) 

3.52 

(0.061) 

Notes: This table presents the chi-squares from the likelihood ratio test of the following models: 𝑌𝑖,𝑡 − 𝑌𝐺𝐸𝑅,𝑡 = α + 𝛽𝑖 

(𝐶𝐷𝑆𝑖,𝑡 −  𝐶𝐷𝑆𝐺𝐸𝑅,𝑡) + 휀𝑖,𝑡 & 𝑌𝑖,𝑡 − 𝑌𝐺𝐸𝑅,𝑡 = α + 𝛽𝑖 (𝐶𝐷𝑆𝑖,𝑡 −  𝐶𝐷𝑆𝐺𝐸𝑅,𝑡) + 𝛿𝑖 (𝐿𝐼𝑄𝑖,𝑡 − 𝐿𝐼𝑄𝐺𝐸𝑅,𝑡) + 휀𝑖,𝑡. The former is 

nested in the latter, giving one degree of freedom. The difference in generic yield, CDS, and bid-ask of country i at time t 

and that of Germany at time t is taken to calculate the spreads used in this regression. P-values are denoted in parentheses. 

260 observations are used per year. 
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Table 6 denotes an insignificant added value of liquidity to the relation of credit risk on the 

sovereign yield spread in every country for at least one year5. In the Netherlands even five of the 

eight chi-squares show an insignificant outcome at a 0.05 significance level. Although Figure 4 

shows a small liquidity proportion in the Netherlands, it is relatively big compared to the credit 

proportion. Nevertheless, in most cases the extended model has a significant better fit than the 

simple regression has. So, in most cases restricting liquidity risk to zero would significantly 

reduce the fit of the model. 

 

Hypothesis 3 deals with the time variation of the importance of liquidity risk relative to credit 

risk. The chi-squares in Table 6 undergo large changes over time. Based on the fact that each 

country has both a significant and an insignificant chi-square over eight years, the hypothesis 

that there is significant time variation can be accepted. 

 

Figure 5 shows the time variation in the credit and liquidity proportion based on the yearly 

variance and co-variance. In correspondence with Figure 4, Austria, Belgium and Spain have the 

biggest liquidity. Furthermore, credit risk seems to grow relative to liquidity risk after 2009. A 

clear example can be found in the data of France, where liquidity is relatively high in 2008 and 

2009, while credit risk is relatively high in 2010 until 2013. This example translates to a high 

chi-squares for France in 2008 and 2009 (44.84 and 92.87 respectively). The cause is intuitively 

understandable: in a period when securities are more difficult to sell, a period of capital 

constraints will follow, resulting in a higher probability of default. This corresponds with the 

finding of Beber et al. (2009), because investors try to defensively rebalance their portfolio in 

times of increasing market uncertainty by looking at liquidity. 

 

                                                           
5 The addition of one variable to the model, namely liquidity risk, gives all chi-squares in Table 6 the property of 

one degree of freedom. 
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Table 7 denotes the multiple regression analysis used in Table 5 Panel B as well, but than for 

different yield quintiles. Interestingly, the adjusted 𝑅2 is bigger in periods of high stress than in 

low stress for nine out of the ten considered countries. The six insignificant results based on a 

0.05 significance level in the regression can be explained by the high White standard error, 

pointing to outliers caused by the low number of observations. Supporting the result drawn for 

Hypothesis 2, credit risk dominates liquidity risk based on all credit to liquidity contribution 

ratio’s (C/L ratio’s) in Table 7 (displaying a value bigger than 1.000). The C/L ratio is smaller in 

the highest quintile compared to the lowest quintile in six out of ten countries. The results are, 

however, not enough to conclude that liquidity risk increases relative to credit risk in times of 

high market stress. Therefore, Hypothesis 4 cannot be accepted.  

 

 

 

 

 

 

 

Table 7 

Credit and liquidity risk for different stress levels 

Panel A: Highest quintile 

 sovereign yield spread 

 Austria Belgium Finland France Netherlands Greece Ireland Italy Portugal Spain 

Credit risk 0.829*** 

(0.056) 

0.493*** 

(0.020) 

0.115*** 

(0.005) 

0.053*** 

(0.012) 

0.156*** 

(0.010) 

15,697*** 

(0.548) 

5,533*** 

(0.296) 

2,204*** 

(0.050) 

5,440*** 

(0.326) 

3,339*** 

(0.112) 

Liquidity risk 0.105*** 

(0.010) 

0.012** 

0.005 

0.033*** 

(0.006) 

0.048*** 

(0.006) 

0.009** 

(0.006) 

-0.268 

(0.386) 

-0,102 

(0,119) 

0.110*** 

(0.037) 

0,882*** 

(0.118) 

0,218*** 

(0.042) 

Adj. R2 0.783 0.745 0.726 0.149 0.674 0.553 0.477 0.869 0.618 0.796 

C/L ratio 7.895 41.083 3.485 1.104 17.333 58.571 54.245 20.036 6.168 15.317 

Panel B: Lowest quintile  
sovereign yield spread 

 Austria Belgium Finland France Netherlands Greece Ireland Italy Portugal Spain 

Credit risk 0.066*** 

(0.016) 

0.208*** 

(0.035) 

0.055*** 

(0.013) 

-0.033** 

(0.015) 

0.009** 

(0.004) 

0.880*** 

(0.037) 

0.225*** 

(0.069) 

0.493*** 

(0.073) 

1.349*** 

(0.071) 

-0.065 

(0.052) 

Liquidity risk 0.005** 

(0.003) 

0.005 

(0.003) 

0.010** 

(0.004) 

-0.003 

(0.003) 

0.007** 

(0.003) 

0.042*** 

(0.011) 

0.061*** 

(0.016) 

-0.005 

(0.008) 

0.140*** 

(0.013) 

-0.031*** 

(0.009) 

Adj. R2 0.245 0.119 0.174 0.013 0.027 0.862 0.078 0.106 0.542 0.024 

C/L ratio 13.200 41.600 5.500 11.000 1.286 20.952 3.689 98.600 9.621 2.097 

Notes: This table reports the outcomes of the regression: 𝑌𝑖,𝑡 − 𝑌𝐺𝐸𝑅,𝑡 = α + 𝛽𝑖 (𝐶𝐷𝑆𝑖,𝑡 −  𝐶𝐷𝑆𝐺𝐸𝑅,𝑡) + 𝛿𝑖 (𝐿𝐼𝑄𝑖,𝑡 − 𝐿𝐼𝑄𝐺𝐸𝑅,𝑡) + 휀𝑖,𝑡. The 

difference in generic yield, CDS, and bid-ask of country i at time t and that of Germany at time t is taken to calculate the spreads used in this 

regression. The natural logarithm is taken for the credit and liquidity measure. Yields are used to create stress quintiles. A significance level 

of 0.01 is denoted as ***, 0.05 as **, and 0.10 as *. White standard errors are denoted in parentheses. 416 observations are used per quintile. 
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Table 8 points out results from the regression analysis of sovereign yield spread on credit risk for 

the full sample (Panel A), and whilst controlling for the 20% highest yield (Panel B). In eight out 

of ten cases, controlling for high yield does not increase the sensitivity of the credit risk variable 

to the sovereign yield spread. Moreover, the adjusted 𝑅2 does not improve in nine out of ten 

cases. This means that the explanatory value of credit risk on the sovereign yield spread does not 

improve when controlling for periods of high yield, resulting in the rejection of Hypothesis 5. 

 

 

 

 

 

 

 

 

Table 8 

Credit and liquidity risk when controlling for market stress 

Panel A: without controlling 

 sovereign yield spread 

 Austria Belgium Finland France Netherlands Greece Ireland Italy Portugal Spain 

Constant -0.023*** 

(0.006) 

-1.550*** 

(0.015) 

0.082*** 

(0.009) 

0.044*** 

(0.006) 

0.115*** 

(0.008) 

-20.950*** 

(0.505) 

-8.255*** 

(0.166) 

-5.875*** 

(0.117) 

-9.522*** 

(0.197) 

-5.986*** 

(0.100) 

Credit risk 0.164*** 

(0.006) 

0.603*** 

0.015 
0.082*** 

(0.003) 

0.135*** 

(0.006) 
0.085*** 

(0.004) 
4.667*** 

(0.089) 
2.261*** 

(0,348) 
1.596*** 

(0.024) 
2.511*** 

(0.040) 
1.651*** 

(0.022) 

Adj. R2 0.432 0.610 0.316 0.233 0.299 0.631 0.784 0.774 0.703 0.803 

Panel B: with controlling  
sovereign yield spread 

 Austria Belgium Finland France Netherlands Greece Ireland Italy Portugal Spain 

Constant 0.005 

(0.008) 

-1.860*** 

(0.075) 

0.082*** 

(0.003) 

-0.209*** 

(0.043) 

0.154*** 

(0.008) 

-13.288*** 

(0.292) 

-5.099*** 

(0.138) 

-3.594*** 

(0.081) 

-5.315*** 

(0.111) 

-5.172*** 

(0.108) 

Credit risk 0.147*** 

(0.023) 

0.675*** 

(0.019) 

0.051*** 

(0.010) 

0.220*** 

(0.012) 

0.057*** 

(0.004) 

3.196*** 

(0.053) 

1.509*** 

(0.032) 

1.089*** 

(0.018) 

1.564*** 

(0.025) 

1.464*** 

(0.025) 

Adj. R2 0.317 0.607 0.183 0.379 0.193 0.782 0.743 0.572 0.678 0.765 

Notes: This table reports the outcomes of the regression:   𝑌𝑖,𝑡 − 𝑌𝐺𝐸𝑅,𝑡 = α + 𝛽𝑖 (𝐶𝐷𝑆𝑖,𝑡 − 𝐶𝐷𝑆𝐺𝐸𝑅,𝑡) + 휀𝑖,𝑡 for Panel A and Panel B. The 

difference in generic yield, CDS, and bid-ask of country i at time t and that of Germany at time t is taken to calculate the spreads used in this 

regression. The natural logarithm is taken for the credit and liquidity measure. A significance level of 0.01 is denoted as *** and White 

standard errors are denoted in parentheses. 2079 observations are used  per country for Panel A and 1663 for Panel B. 
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CHAPTER 6 Robustness Checks 
 

As a robustness check, volume is used as a measure of liquidity risk instead of bid-ask, which 

was used in earlier chapters. Table 2 displays the summary statistics showing high values for 

volume. As opposed to bid-ask, volume has lower values in the highest quintile (Panel A) than 

the lowest quintile (Panel B). However, a low volume means high liquidity risk, while low bid-

ask means low liquidity risk. This means that liquidity risk is higher in periods of high stress 

according to the volume measure, which is in agreement with the findings on bid-ask. The credit 

default swap is higher in the highest quintile and, consequently, in periods of high stress. Despite 

these outcomes, Table 2 only provides preliminary information. No conclusions can be drawn 

with respect to the hypotheses. 

 
Table 9 

Summary statistics on CDS and volume for the lowest and highest yield quintile 
Panel A: Highest quintile 

  credit default swap volume 

Variable Mean Median Std. 

dev. 

Min. Max. Mean Median Std. dev. Min. Max. 

Germany 25.953 24.790 17.294 7.600 70.895 2.10E+07 2.21E+07 4.83E+06 5.00E+06 3.08E+07 

Austria 73.728 68.500 63.282 10.500 260.140 3.22E+07 3.16E+07 8.40E+06 5.00E+06 5.77E+07 

Belgium 132.526 142.250 102.364 21.200 400.000 4.50E+07 4.50E+07 1.83E+07 1.19E+07 9.18E+07 

Finland 33.313 28.390 21.771 9.900 94.150 2.87E+07 2.56E+07 1.02E+07 1.32E+07 6.44E+07 

France 38.941 27.795 36.568 9.600 260.330 2.64E+07 2.63E+07 7.08E+06 1.27E+07 4.54E+07 

Netherlands 43.028 33.500 34.541 9.600 126.330 3.74E+07 3.63E+07 7.33E+06 1.84E+07 6.67E+07 

Greece 2320.324 2500.000 412.176 935.410 2500.000 3.50E+06 2.11E+06 2.64E+06 2.00E+06 1.40E+07 

Ireland 550.783 539.020 81.009 371.260 952.770 2.67E+07 2.49E+07 9.20E+06 7.51E+06 5.78E+07 

Italy 364.890 405.520 144.337 35.000 566.195 5.16E+07 5.16E+07 1.47E+07 1.81E+07 1.03E+08 

Portugal 737.464 778.130 156.228 423.480 1161.100 2.13E+07 2.04E+07 4.49E+06 1.31E+07 3.69E+07 

Spain 371.442 362.280 92.432 208.440 570.510 4.09E+07 4.01E+07 7.60E+06 1.84E+07 6.11E+07 

Panel B: Lowest quintile 

  credit default swap volume 

Variable Mean Median Std. 

dev. 

Min. Max. Mean Median Std. dev. Min. Max. 

Germany 41.834 38.375 15.378 30.500 137.510 3.29E+07 3.32E+07 4.44E+06 1.76E+07 4.50E+07 

Austria 52.526 51.000 5.777 40.720 77.025 3.23E+07 3.17E+07 3.88E+06 2.23E+07 4.66E+07 

Belgium 82.225 81.010 6.556 66.845 170.010 8.13E+07 8.16E+07 8.85E+06 4,05E+07 1.03E+08 

Finland 48.480 49.000 2.826 39.920 63.105 7.16E+07 7.19E+07 8.55E+07 3.81E+07 1.00E+08 

France 79.428 78.010 13.542 37.470 131.295 3.45E+07 3.35E+07 4.87E+06 1.91E+07 5.31E+07 

Netherlands 46.303 43.000 10.421 32.500 95.000 5.42E+07 5.27E+07 1.09E+07 3.67E+07 1.08E+08 

Greece 111.294 109.550 58.160 41.800 261.700 3.46E+07 3.30E+07 1.03E+07 9.32E+06 6.73E+07 

Ireland 94.027 95.000 7.254 75.665 115.820 6.67E+07 6.37E+07 1.49E+07 3.16E+07 1.15E+08 

Italy 169.357 165.000 21.054 133.970 235.060 7.82E+07 8.02E+07 1.45E+07 1.22E+07 1.08E+08 

Portugal 235.373 234.000 28.030 173.715 308.330 6.59E+07 6.26E+07 3.33E+07 1.00E+07 1.55E+08 

Spain 137.830 138.000 15.740 97.005 176.990 5.75E+07 5.67E+07 8.17E+06 2.40E+07 9.03E+07 

Notes: This table reports a comparison of both credit default swap and the volume between periods of high yield and 

periods of low yield. High yield is classified as the 20% highest yield and low yield as the 20% lowest yield.  Both are 

based on a daily sample of eight years generating 2079 observations per country. 
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The proportions of the contributions from the credit default swap spread (credit proportion) and 

the volume spread (liquidity proportion) on the sovereign yield spread are shown in Figure 6. 

The proportion of the volume spread is comparable to the bid-ask spread in Figure 4 liquidity 

measure. Nonetheless, the volume spread proportion is slightly smaller for all countries. Based 

on Figure 6, four peripheral countries (Greece, Ireland, Italy, and Portugal) are in line with the 

results of Longstaff et al. (2005), displaying a credit proportion of more than 50%. The blue bar, 

representing the credit proportion, is bigger than the orange bar for all countries. Based on this 

observation, credit risk dominates liquidity risk in explaining the sovereign yield spread. 

Therefore, Hypothesis 2 can be accepted. This result is in line with the findings in the Empirical 

Result Chapter.  

 
Figure 6 

Robustness check on the explanatory proportions 

 
Notes: This figure shows the cross-sectional proportion of credit risk and liquidity risk on the sovereign yield 

spread. The proportions are calculated by the following formulas: 𝐶𝑟𝑒𝑑𝑖𝑡 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑖 =
|𝑐𝑟𝑒𝑑𝑖𝑡 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑖|

|𝑐𝑟𝑒𝑑𝑖𝑡 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑖|+|𝑙𝑖𝑞𝑢𝑖𝑑𝑖𝑡𝑦 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑖|
∗  𝑅2 and 𝐿𝑖𝑞𝑢𝑖𝑑𝑖𝑡𝑦 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑖 =

|𝑙𝑖𝑞𝑢𝑖𝑑𝑖𝑡𝑦 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑖|

|𝑐𝑟𝑒𝑑𝑖𝑡 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑖|+|𝑙𝑖𝑞𝑢𝑖𝑑𝑖𝑡𝑦 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑖|
∗ 𝑅2. When adding the three to 100%, the remaining part is the 

𝑈𝑛𝑒𝑥𝑝𝑙𝑎𝑖𝑛𝑒𝑑 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑖. 
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Table 10 shows the likelihood ratio test denoting the added value of the volume spread (liquidity 

risk) on the credit default swap spread (credit risk) on the sovereign yield spread. The chi-

squares of the volume spread is slightly smaller than those of the bid-ask spread shown in Table 

6, indicating a lower added value to the simple regression. Nevertheless, every country has both 

significant and insignificant chi-squares. These outcomes suggest time variation in the 

importance of liquidity risk relative to credit risk. In correspondence with the results in Chapter 

5, Hypothesis 3 can be accepted.  

 

 

 

 

 

 

 

 

 

Table 10 

Robustness check on the likelihood ratio test 

Date Austria Belgium Finland France Netherlands Greece Ireland Italy Portugal Spain 

2008 
0.12 

(0,733) 

54.31 

(0.000) 

0.04 

(0.047) 

13.10 

(0.000) 

1.24 

(0.265) 

0.08 

(0.771) 

59.41 

(0.000) 

12.53 

(0.000) 

82.08 

(0.000) 

16.48 

(0.000) 

2009 
5.21 

(0.022) 

122.09 

(0.000) 

9.24 

(0.002) 

2.45 

(0.117) 

23.25 

(0.000) 

0.01 

(0.941) 

4.64 

(0.031) 

62.28 

(0.000) 

168.04 

(0.000) 

162.90 

(0.000) 

2010 
0.80 

(0.370) 

42.49 

(0.000) 

5.04 

(0.025) 

6.84 

(0.009) 

0.20 

(0.656) 

10.50 

(0.001) 

5.52 

(0.019) 

7.94 

(0.048) 

2.82 

(0.093) 

4.12 

(0.042) 

2011 
41.70 

(0.000) 

2.85 

(0.009) 

55.14 

(0.000) 

0.00 

(0.975) 

17.82 

(0.000) 

9.54 

(0.000) 

11.80 

(0.001) 

4.24 

(0.040) 

30.04 

(0.000) 

24.11 

(0.000) 

2012 
15.63 

(0.000) 

25.03 

(0.000) 

29.72 

(0.035) 

5.42 

(0.020) 

5.84 

(0.016) 

18.81 

(0.000) 

0.04 

(0.850) 

2.24 

(0.135) 

0.46 

(0.498) 

120.85 

(0.000) 

2013 
6.23 

(0.013) 

4.26 

(0.039) 

2.92 

(0.088) 

4.88 

(0.027) 

1.10 

(0.295) 

0.01 

(0.905) 

25.33 

(0.000) 

48.52 

(0.000) 

0.10 

(0.755) 

6.67 

(0.010) 

2014 
30.20 

(0.000) 

17.50 

(0.000) 

12.46 

(0.000) 

2.46 

(0.116) 

89.41 

(0.000) 

3.83 

(0.050) 

54.63 

(0.000) 

75.07 

(0.000) 

0.41 

(0.522) 

10.92 

(0.001) 

2015 
0.11 

(0.745) 

1.64 

(0.200) 

31.19 

(0.000) 

0.07 

(0.798) 

0.03 

(0.864) 

25.96 

(0.000) 

41.47 

(0.000) 

55.38 

(0.000) 

31.92 

(0.000) 

0.18 

(0.669) 

Notes: This table presents the chi-squares from the likelihood ratio test of the following models: 𝑌𝑖,𝑡 − 𝑌𝐺𝐸𝑅,𝑡 = α + 𝛽𝑖 

(𝐶𝐷𝑆𝑖,𝑡 −  𝐶𝐷𝑆𝐺𝐸𝑅,𝑡) + 휀𝑖,𝑡 & 𝑌𝑖,𝑡 − 𝑌𝐺𝐸𝑅,𝑡 = α + 𝛽𝑖 (𝐶𝐷𝑆𝑖,𝑡 −  𝐶𝐷𝑆𝐺𝐸𝑅,𝑡) + 𝛿𝑖 (𝐿𝐼𝑄𝑖,𝑡 − 𝐿𝐼𝑄𝐺𝐸𝑅,𝑡) + 휀𝑖,𝑡. The former is 

nested in the latter, giving one degree of freedom. The difference in generic yield, CDS, and volume of country i at time t 

and that of Germany at time t is taken to calculate the spreads used in this regression. P-values are denoted in parentheses. 

260 observations are used per year. 
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CHAPTER 7 Discussion 
 

In this chapter the five hypotheses used in this paper will be discussed based on the test results of 

this thesis and earlier research. In addition, limitations and suggestions for further research will 

be mentioned here. The discussion will be structured per hypothesis, starting with Hypothesis 1: 

 

Hypothesis 1: The positive correlation between credit risk and sovereign yield spreads drops in times of 

high market stress. 

 

Hypothesis 1 indicates, the yield spread is increasing in liquidity risk by showing that at least 

there is a non-credit factor influencing the yield spread in times of high market stress. However, 

the outcomes show that credit risk increases in times of high market stress. The hypothesis is 

therefore rejected. While Beber et al. (2009) found a flight to liquidity in times of market 

uncertainty, credit risk still plays an important role. Nonetheless, still a significant non-credit 

factor could be found. The summary statistics show that credit and liquidity risk are positively 

correlated. It can therefore still be true that the correlation between liquidity risk and the 

sovereign yield spread increases, as well, in times of high market stress. This, however, is 

captured by Hypothesis 4.  

 

The rejection of Hypothesis 1 confirms the findings of Merton (1974), who concluded that there 

is a positive correlation between credit risk and the yield spread. This positive correlation 

underlines the importance of credit risk in explaining the sovereign yield spread on which the 

following hypothesis is based. 

 

Hypothesis 2: Credit risk always dominates liquidity risk in explaining the sovereign yield spread. 

 

Hypothesis 2 is accepted based on the fact that higher credit risk makes a higher contribution to 

explaining the sovereign yield spread for all ten countries. Especially in peripheral countries the 

credit component is high which could be due to the effect of country-specific bank exposure on 

sovereign risk, as Podstawski and Velinov (2018) suggested. Besides, banks are usually the 

protection sellers in a CDS agreement, generating counterparty risk when selling the CDS. This 

is a limitation of the credit risk measure used in this thesis. As a mitigation, Rodrigues et al. (2018) 
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found CDS spreads could predict the European sovereign debt crisis, while credit rating had no predicting 

power at all. 

 

The domination of credit risk in explaining the sovereign yield spread supports work of Lemmen 

and Goodhart (1999) as well as Longstaff et al. (2005), who both showed the importance of 

credit risk earlier on. This thesis, however, also shows the significant importance of liquidity risk 

in especially the boom period, while credit risk is relatively more important in the bust period. 

Because of this shift in importance, regulators should focus less on liquidity instruments and 

more on solvency instruments, such as financial leverage. The findings also denote an 

unexplained proportion based on 𝑅2. The unexplained proportion leaves an interesting topic for 

further research. Possibilities are risk aversion as mentioned by Dungey et al. (2000) or 

contagion as mentioned by De Santis (2012). 

 

Another addition for further research would be to use the limit order book slope (LOS) as a 

measure for liquidity risk. Wuyts (2008) found this to be a superior measure to bid-ask and 

volume, because it combines the two measures. Such a measure would give a higher quality of 

liquidity measuring as he finds the LOS-measure to be significantly better than the other two 

measures. In addition, different maturities can be used in the decomposition used to answer 

Hypothesis 2. Ericsson and Renault (2006) found a downward-sloping term structure of liquidity 

spreads. Whether this influences the decomposition can be sought out. 

 

Hypothesis 3: There is a time variation in the significance of the importance of liquidity risk relative to 

credit risk. 

 

Based on the likelihood ratio test, Hypothesis 3 is accepted. The likelihood ratio test tests if 

liquidity risk adds significant value to the regression of credit risk on the sovereign yield spread 

per year. Because every country has significant and insignificant chi-squares, there is time 

variation in the significance of the importance of liquidity risk relative to credit risk. This finding 

supports work of Longstaff et al. (2005), who found significant time variation in the non-default 

component of the yield spread. It is also important in explaining why Duffie et al. (2003) found a 
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significant variation in yield spreads. Hence, it can be concluded that liquidity risk explains at 

least a part of the variation in the yield spread over time. 

 

Hypothesis 4: The role of liquidity risk increases in times of market stress relative to credit risk. 

 

Hypothesis 4 is rejected based on the yield quintiles approach in this thesis. Even so, the 

approach of comparing the highest and lowest yield quintile is a unique addition to the literature 

on this topic. The approach is for example completely different than the fund flow approach of 

Beber et al. (2009).Whilst investigating Hypothesis 1, an important role for credit risk can be 

observed in times of high market stress. As such, the rejection of Hypothesis 4 does not come as 

a complete surprise. Nevertheless, many significant liquidity factors are found. Especially in the 

boom period, liquidity risk plays an important role compared to credit risk. While the rejection of 

Hypothesis 1 suggests a more important role for credit risk in times of high market stress, the 

results of Hypothesis 4 do not do so for liquidity risk. Moreover, the stress level does not seem to 

influence the effect from liquidity risk on the sovereign yield spread at all. 

 

In further research, more observations could be used to increase the significance of the results. 

By collecting high frequency CDS and yield data, the data can be aggregated to a higher 

frequency than the daily level in this research. A technique such as the Nelson-Siegel structure 

can be used as it parsimoniously model yield curves to match times to maturity at a high 

frequency (Nelson and Siegel, 1987).  

 

Hypothesis 5: By controlling for the quintile of greatest market stress, the explanatory value of credit risk 

on sovereign yield spreads increases. 

 

In line with the results from Hypothesis 1, Hypothesis 5 needs to be rejected, too. As can be seen 

in the correlations from Hypothesis 1, the positive correlation between credit risk and the 

sovereign yield spread increases in times of high market stress. Based on this finding, controlling 

for the quintile of greatest market stress would result in a decrease in the explanatory value of 

credit risk on sovereign yield spreads. The outcomes from Hypothesis 5 indeed show a decrease 

in this explanatory value after controlling.  
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CHAPTER 8 Conclusions 
 

This thesis examines the relative importance of liquidity risk compared to credit risk for euro 

area sovereign yield spreads in different time periods as the main question. By using 𝑅2 in the 

decomposition and comparing different yield quintiles as a proxy for market stress, this thesis 

contributes to earlier research on this topic, such as Buis et al. (2018) and Beber et al. (2009). 

While the findings show that both liquidity and credit risk are increasing in periods of high 

market stress, no significant difference in the relative importance of liquidity risk compared to 

credit risk can be found for different stress levels. Disentangling credit risk and liquidity risk is 

difficult because they move together very tightly. The correlation between them is positive in all 

countries observed.  

 

Even though credit risk dominates liquidity risk in all ten countries examined, liquidity risk has a 

significant explanatory value on the sovereign yield spread. This significance supports Favero et 

al. (2010) in the discussion within the literature about liquidity risk. Especially in the boom 

period liquidity risk is relatively high. Credit risk takes a more important role in the bust period 

of the crisis compared to liquidity risk. From a policy perspective, this means regulators such as 

bank supervisors should focus less on liquidity instruments. More important is the credit risk that 

follows liquidity risk. Therefore, solvency instruments would be a better choice when the crisis 

passed its peak. 

 

The importance of liquidity risk is thus smaller than credit risk when explaining the euro area 

sovereign yield spread over time. Especially in peripheral countries credit risk is high, giving 

relatively less important role to liquidity risk compared to credit risk. Because credit and 

liquidity risk show the same patterns over time, they are arduous to unravel. Nonetheless, time 

variation can be observed in the relative importance of the two, supporting earlier research (e.g. 

Longstaff et al., 2005). As such, liquidity risk is more important in a boom period than in a bust 

period. No changes in the relative importance of liquidity risk relative to credit risk could be 

found based on the comparison of the highest and the lowest quintile (e.g. market stress). Both 

risks increase with similar proportions in times of high market stress. 
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APPENDIX 
 

Notes: This table presents the proxy, source, database and frequency used for the different variables used in this 

paper. The table can be used for relevant proxies for further research. It also points to independent data sources 

with high quality and high frequency. 

 
 

Figure 7 

10 year sovereign bond yields in EMU-countries for 1999-2019 

Notes: This figure shows the evolution of the 10 year sovereign bond yields for the 11 EMU-countries this paper 

looks at. It is the same data used for Figure 2, only this figure is zoomed out to the period 1999-2019. This shows 

that the yield spread is nearly always zero except for the sample period chosen for this paper. 

 

 

 

 

Table 11 

Data summary 

   

Variable name Proxy Source Database Frequency 

Yield spread Sovereign yields Markit Bloomberg daily 

Credit risk CDS and credit ratings Ice Norge, S&P, Fitch and 

Moody 

Bloomberg daily 

Liquidity risk Bid-ask spread and price volume MTS Markets MTS Platform daily 

Issue size - Markit Bloomberg daily 

Years to maturity - Markit Bloomberg daily 
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Table 12 

Summary statistics on sovereign yield spreads for different yield quintiles 
Panel A: Highest quintile 

 sovereign yield spread 

Variable Mean Median Std. dev. Min. Max. 

Germany 3.773 3.760 0.420 3.235 4.681 

Austria 4.243 4.200 0.277 3.725 4.921 

Belgium 4.346 4.286 0.284 3.615 5.814 

Finland 4.074 4.043 0.309 3.585 4.863 

France 4.042 3.996 0.352 3.609 4.844 

Netherlands 4.096 4.045 0.323 3.523 4.856 

Greece 22.770 22.287 5.721 14.727 33.702 

Ireland 9.169 9.058 1.287 7.224 13.786 

Italy 5.608 5.571 0.601 4.876 7.244 

Portugal 10.844 10.885 1.557 7.964 16.605 

Spain 5.791 5.601 0.506 5.178 7.566 

Panel B: Lowest quintile 

 sovereign yield spread 

Variable Mean Median Std. dev. Min. Max. 

Germany 0.603 0.665 0.287 0.074 1.243 

Austria 0.908 0.904 0.345 0.195 1.595 

Belgium 1.029 0.972 0.356 0.340 1.966 

Finland 0.824 0.850 0.319 0.139 1.468 

France 1.035 0.989 0.339 0.351 1.754 

Netherlands 0.863 0.831 0.333 0.223 1.584 

Greece 4.825 4.846 0.309 4.215 5.362 

Ireland 1.431 1.298 0.458 0.647 2.604 

Italy 1.991 1.892 0.473 1.125 2.945 

Portugal 2.728 2.654 0.524 1.546 3.672 

Spain 1.939 1.935 0.410 1.141 2.859 

Notes: This table reports a comparison of sovereign yield spreads between periods of 

high yield and periods of low yield. High yield is classified as the 20% highest yield and 

low yield as the 20% lowest yield.  Both are based on a daily sample of eight years 

generating 2079 observations per country. 
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Table 14 

10 year bid-asks and the bid-ask spreads per country from 2008-2015 

Panel A: Core countries 

bid-ask Benchmark bid-ask spread 

Date Austria Belgium Finland France Netherlands Germany Austria Belgium Finland France Netherlands 

2008 0.323 0.206 0.262 0.224 0.148 0.058 0.265 0.149 0.205 0.166 0.091 

2009 0.447 0.138 0.264 0.134 0.154 0.083 0.364 0.056 0.181 0.051 0.071 

2010 0.305 0.193 0.103 0.104 0.101 0.085 0.220 0.108 0.019 0.020 0.016 

2011 0.350 0.393 0.252 0.175 0.134 0.087 0.263 0.306 0.166 0.088 0.047 

2012 0.304 0.186 0.145 0.139 0.140 0.082 0.223 0.104 0.064 0.058 0.059 

2013 0.114 0.067 0.070 0.067 0.054 0.054 0.060 0.013 0.015 0.013 -0.001 

2014 0.088 0.045 0.053 0.056 0.047 0.058 0.030 -0.014 -0.005 -0.002 -0.011 

2015 0.089 0.074 0.063 0.056 0.037 0.076 0.014 -0.001 -0.013 -0.020 -0.038 

Panel B: Peripheral countries 

bid-ask Benchmark bid-ask spread 

Date Greece Ireland Italy Portugal Spain Germany Greece Ireland Italy Portugal Spain 

2008 0.325 0.491 0.232 0.346 0.215 0.058 0.268 0.434 0.174 0.288 0.157 

2009 0.436 0.416 0.191 0.313 0.237 0.083 0.354 0.333 0.108 0.230 0.154 

2010 1.117 0.977 0.161 1.339 0.288 0.085 1.033 0.892 0.077 1.254 0.203 

2011 1.629 2.758 0.412 3.674 0.489 0.087 1.542 2.672 0.326 3.587 0.402 

2012 1.436 2.764 0.294 5.052 0.603 0.082 1.354 2.683 0.212 4.970 0.521 

2013 1.078 0.547 0.108 1.342 0.302 0.054 1.024 0.493 0.053 1.288 0.247 

2014 0.746 0.258 0.075 0.464 0.205 0.058 0.688 0.200 0.017 0.406 0.147 

2015 1.070 0.227 0.131 0.315 0.186 0.076 0.994 0.152 0.056 0.240 0.111 

Notes: This table reports the bid-ask spread as a measure for liquidity risk. The bid-ask spread is calculated with Germany as 

benchmark as represented by the formula in the Methodology: (LIQ𝑖.𝑡 − 𝐿𝐼𝑄𝐺𝐸𝑅.𝑡). The bid-asks in this table are aggregated to a 

yearly level by taking the average of the equally-weighted observations of bid-ask. A sample is used consisting of 2079 

observations per country (e.g. a daily level for 8 years). 

 

Table 13 

10 year credit default swaps and the CDS spreads per country from 2008-2015 

Panel A: Core countries 

CDS Benchmark CDS spread 

Date Austria Belgium Finland France Netherlands Germany Austria Belgium Finland France Netherlands 

2008 39.848 40.039 24.364 25.092 28.131 19.012 20.835 21.027 5.352 6.080 9.119 

2009 108.129 67.561 39.528 42.881 56.621 39.176 68.953 28.385 0.352 3.705 17.445 

2010 85.508 118.600 35.912 80.567 52.081 48.378 37.130 70.222 -12.466 32.189 3.703 

2011 128.827 218.379 66.164 151.150 85.254 87.371 41.456 131.008 -21.207 63.779 -2.117 

2012 150.828 206.041 81.137 187.481 114.121 101.734 49.094 104.306 -20.597 85.747 12.387 

2013 70.289 110.375 48.412 123.977 85.184 64.886 5.403 45.488 -16.474 59.091 20.298 

2014 63.015 86.370 47.927 90.793 59.733 44.583 18.432 41.787 3.343 46.210 15.149 

2015 50.164 80.593 47.478 73.799 40.464 37.018 13.145 43.575 10.460 36.780 3.446 

Panel B: Peripheral countries 

CDS Benchmark CDS spread 

Date Greece Ireland Italy Portugal Spain Germany Greece Ireland Italy Portugal Spain 

2008 93.247 66.442 72.805 58.604 58.444 19.012 74.235 47.430 53.793 39.592 39.431 

2009 174.189 195.561 109.458 82.686 96.353 39.176 135.013 156.385 70.282 43.510 57.177 

2010 595.296 287.790 171.706 276.253 207.494 48.378 546.918 239.412 123.328 227.875 159.116 

2011 1631.131 568.861 305.700 674.031 313.190 87.371 1543.760 481.490 218.329 586.659 225.818 

2012 2500.000 436.556 398.588 688.854 419.492 101.734 2398.266 334.822 296.853 587.120 317.757 

2013 1529.807 198.787 278.079 439.514 269.234 64.886 1464.921 133.901 213.193 374.628 204.348 

2014 593.962 110.706 182.543 261.061 144.148 44.583 549.378 66.123 137.960 216.478 99.565 

2015 1416.451 92.385 165.727 230.604 141.717 37.018 1379.433 55.367 128.708 193.585 104.699 

Notes: This table reports the CDS spread as a measure for credit risk. The CDS spread is calculated with Germany as benchmark 

as represented by the formula in the Methodology: (𝐶𝐷𝑆𝑖.𝑡 − 𝐶𝐷𝑆𝐺𝐸𝑅.𝑡). The CDS’s in this table are aggregated to a yearly level 

by taking the average of the end of trading day observations of CDS. A sample is used consisting of 2079 observations per country 

(e.g. daily level for 8 years). 
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Figure 8 

Correlation between German liquidity and amount outstanding 

 
Notes: This figure shows the amount outstanding of the 10 year sovereign bonds for Germany. It is meant to show 

there are no outliers with respect to amount outstanding and liquidity, indicating an equally-weighted liquidity 

measure would contain no biases. 

 


