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Executive Summary 

Any strains or irregularities in the interbank market can have severe consequences for the 

general economy. Assessing how periods of financial turmoil affect the interbank market is 

therefore important for both policy makers and market participants. 

Academic research on risk premiums contained in unsecured interbank rates sparked during in 

the recent financial crisis. In the early months of 2008 the nationalization of Northern Rock 

and the subsequent collapse of Lehman Brothers sent shockwaves through the interbank 

market. The result was escalating risk premiums reaching levels never seen before.  

This thesis shows the devastating effects the recent financial crisis had on the Danish 

interbank market. Although Danish banks had limited exposure to subprime mortgages and 

Collateralized Debt Obligations (CDOs), the Danish market was largely affected by the 

development abroad. Utilizing various econometric techniques, this thesis demonstrates how 

movements in the US and the Euro area dictated minor market participants such as Denmark 

during the crisis. 

Moreover, the transmission of market tensions from foreign markets to the Danish market 

created what economic theory defines as spillover effects. We show how to measure and 

quantify spillover effects, and moreover, why it is used as an indicator of systematic risk. This 

relationship is interesting as the long prevailing portfolio theory states that risk is reduced 

through diversification. However, we identify a transition from low to high correlation 

between interbank markets during the crisis. Highly correlated financial markets undermine 

the benefits associated with portfolio diversification.  

Finally, this thesis shows how severely mispriced foreign exchange (FX) swaps induced 

higher liquidity risk in the Danish market. Due to the breakdown of the interbank market, 

Danish financial institutions were forced to obtain crucial USD and Euro funding through the 

FX swap market. As the swap market turned one-sided with few sellers and many potential 

buyers, the costs of accessing USD and Euro increased, effectively generating liquidity risk in 

the Danish market.      

 

 

 



 

3 of 130 

 

Preface 

The interbank market is a crucial driver of financial markets. Therefore, any strains or 

irregularities may come with severe consequences. This is especially noticeable in periods of 

great uncertainty. We were surprised when discovering that research on risk premiums 

contained in unsecured interbank rates did not appear until the late 1990s Asian crisis. The 

recent financial crisis, however, sparked a great deal of interest on the topic. The reason was 

that interbank markets and the inherent risk premiums were deeply ingrained in the turbulence 

that occurred.  

The choice of topic reflects our common interests in financial markets, and more specifically, 

how the interaction across markets can rapidly evolve through different periods. Several 

aspects with Denmark made this market appealing for our analysis. Firstly, being a relatively 

small country with a fixed exchange rate against the Euro, Denmark stands the risk of being 

exposed to financial turmoil without having critical monetary policies available if needed. 

Secondly, this thesis has the potential to provide insight into a new area of research.1

 

 Hence, 

the primary target group of this thesis is people within academia. Finally, providing additional 

motivation was the opportunity to combine a theoretical framework with empirical data. For 

supplying us with much of the data material and in general helpful advices, we would like to 

thank our supervisor Erik Haller Pedersen from Denmark’s National Bank. 

                        Fredrik A. R. Slettvold        Espen L. Fjermestad 

Oslo, September 2010    Oslo, September 2010 

 

 

 

 

                                                 
1 To the best of our knowledge, an analysis of spillover effects from foreign interbank markets to the Danish 
market has never been performed. 
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Part 1: Introduction 

This thesis seeks to uncover some of the challenges associated with highly correlated financial 

markets. Our starting point is the recent financial crisis, where the dramatic development in 

the US interbank market transmitted over to other markets, generating what economic theory 

defines as spillover effects. This empirical study of spillover effects will be based on the 

spread between unsecured and secured interbank market rates, i.e. the risk premium. 

Below we set the stage for the thesis and describe our research question. Next, we clarify the 

methodology and the necessary delimitations, followed by a short literature review. Finally, 

we present the structure of the thesis. 

1.1 Research Question 

The research question of the thesis is: 

Was the Danish interbank market affected by foreign market tensions during the recent 

financial crisis? 

In order to derive a proper conclusion, the research question will be examined through the 

following sub-questions: 

a. Do interbank markets move in conjunction during periods of financial turmoil? 

b. What were the primary contributors to increasing uncertainty in interbank markets 

during the crisis? 

c. If the Danish market was affected, is it possible to find specific transmission channels 

of foreign market tension? 
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1.2 Methodology 

This thesis will utilize and go beyond econometrical methods as taught in the Applied 

Economics and Finance line at Copenhagen Business School. Since our results rely heavily 

upon the methodology we use, it is of outmost importance that our findings are derived using 

theoretically founded procedures. To allow the reader to gain a solid understanding of the 

methods used in this thesis, we explain every model and technique either directly in the 

relevant section or in the Appendix. This section outlines the most important aspects of our 

research. 

1.2.1 Research Approach 

Aligning empirical data with established theories is always a demanding task. We focus on 

both a deductive and an inductive approach, forming a framework that relies on existing 

theories but at the same sheds light on new aspects within these theories. Since we have 

reproduced results from other working papers in order to validate our own estimates, any 

discrepancies compared to similar research must be explained by the difference in the data 

material. 

1.2.2 Research Data 

This thesis employs high frequency (daily) data from short-term interbank markets. Our focus 

is on three markets: the Danish (DK), the Euro area (Euro) and the United States (US). 

Following Bank of England (2007), the spread between the 3-month interbank rate and the 

Overnight Interest Swap rate (OIS) is used to represent the risk premium in interbank markets. 

For the Danish market the 3-month Copenhagen Interbank Offered Rate (Cibor) is used to 

represent the interbank rate, while the Copenhagen Interest T/N Average Swap (Cita) is used 

to represent the future overnight expected interest rate.2

                                                 
2 Cita is utilized as there is no OIS available for the Danish market. According to Strömqvist and Soultanaeva 
(2009) the Tomorrow/Next (T/N) rates will be slightly higher than true overnight swap rates. We therefore 
perform an ANOVA robustness test after subtracting a 14-day moving average of the difference between the 
T/N rate and the corresponding 3-month repo rate. The choice of Cita as a proxy for OIS rates does not affect 
the results since the mean is not significantly different after correction. The test result is found in Appendix 1.2.  

 For the Euro area we collect the 3-

month Euro Interbank Offered Rate (Euribor) and the Euro Overnight Index Average Swap 

rate (Eonia). Corresponding rates for the US market is the 3-month US London Interbank 

Offered Rate (US Libor) and the Overnight Interest Swap rate (OIS). 
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In Part 3 we decompose the risk premium utilizing 5-year Credit Default Swap (CDS) rates, 

which are the most liquid instruments available. For the Danish market we collect 5-year 

Senior CDS data on two of the largest banks operating in Denmark: Danske Bank and 

Nordea. A simple average of the two CDS spreads is used as a proxy for credit risk in the 

Danish market. Data on the iTraxx Senior Financial Index 5Y is employed for the Euro area, 

while the CDX North American Investment Grade 5Y represents the US market. 

Finally, part 5 use data on foreign exchange (FX) spot and forward rates for DKK/USD and 

DKK/Euro, as well as statistics on the FX swap auctions held by Denmark’s National Bank.   

Overall, the dataset covers the period from the 2nd of January 2006 to the 31st of January 2010. 

Interbank and OIS rates are collected from Nordea Analytics and data on CDS, FX spot and 

forward rates from Bloomberg and Reuters. Furthermore, statistics on FX swap auctions are 

gathered from Denmark’s National Bank webpage.  These sources are indentified as reliable 

and should remove any form of discrepancies. Furthermore, due to missing observations from 

e.g. weekends and public holidays, the data has been interpolated from a five-day interval to a 

seven-day interval using a linear interpolation method.3

 

 The total number of observations in 

the analysis is thus 1,491.  

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
3 𝑦 = 𝑦0 + (𝑥 − 𝑥0) 𝑦1−𝑦0

𝑥1−𝑥0
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1.2.3 Delimitations 

An empirical analysis yields a broad range of opportunities and possible paths. With an 

abundant data set, several delimitations are required so that we can maintain focus on the 

predetermined research question. 

Firstly, this thesis investigates the risk premiums contained in unsecured interbank markets 

during the financial crisis. In order to compare and relate occurrences in the crisis with more 

normal market conditions, our time series includes data from 2006 to 2010. 

Secondly, although the recent financial crisis serves as a cornerstone of this thesis, underlying 

triggers will not be addressed. Primarily because we believe the literature on subprime and 

Collateralized Debt Obligations (CDOs) already is extensive, but also because it is outside the 

scope of this thesis. It is emanated from the research question that our primary area of focus is 

on the Danish market. We aim to study whether the Danish market was affected by 

international market tensions generated from the financial crisis, and not the factors causing 

the crisis. 

Thirdly, to answer our research question we limit the thesis to include only the two largest 

financial markets, namely the US and the Euro area. Other markets considered to influence 

the Danish market is the United Kingdom, and to some extent, Norway and Sweden. 

Unfortunately, including too many markets increase the complexity and induce the possibility 

of measurement errors. Instead, we believe that focusing on the most important markets will 

produce more accurate and concise results. 

Fourthly, in the empirical analysis we only utilize London Interbank Offered Rates (Libor) for 

the US dollar. Even though Libor is calculated for Euro and Danish Kroner, we find it more 

appropriate to use the Euribor and Cibor as these are the primary interbank markets for the 

respective currencies. Since these markets are within the same family, there should not be any 

difference between EUR Libor and Euribor, and DKK Libor and Cibor.4

Finally, although this thesis touch upon issues considered to have important implications for 

monetary policies, the discussion is left out as it would require more space and time than this 

master thesis allows for. 

 

                                                 
4 The comparisons between 3-month DKK Libor and Cibor rates, EUR Libor and Euribor rates are found in 
Appendix 1.3. 
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1.3 Literature Review 

Increasing amounts of research on interbank markets have appeared within the last few years. 

An important contributor to the discussion has been publications from central banks in the 

form of Financial Stability Reviews. A well functioning interbank market is vital for central 

banks as it functions as the primary monetary transmission channel. Since market 

irregularities can impair the effectiveness of monetary policies, it induces central banks to 

investigate how their policies and market operations should be oriented towards the interbank 

market.  

We rely on Financial Stability Reviews throughout this thesis. In particular, references from 

the following central banks are used: 

- Denmark’s National Bank (DN) 

- Sweden’s Riksbank (Riksbanken) 

- European Central Bank (ECB) 

- Bank of England (BoE) 

- The Federal Reserve (FED) 

- Bank of Japan (BoJ) 

In addition, several working papers on the interbank market have provided inspiration, as well 

as articles from the Bank for International Settlements (BIS) and the International Monetary 

Foundation (IMF).  

Rather than giving a complete overview of utilized publications here, theories and references 

are made within the sections we find relevant. We believe this will result in a more definite 

thesis, and more importantly, provide a better understanding for the reader as necessary 

background information is displayed at the relevant points of the thesis. 
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1.4 Structure of the Thesis 
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Part 1 is the introductory part where a formal research question is defined and the overall 

structure of the thesis is presented to the reader.  

Part 2 introduces the reader to the unsecured and secured interbank market rates and its 

characteristics. Next, we explain why the spread (risk premium) between the two rates is used 

as a health measure of the interbank market. After discussing recent events in the interbank 

market, the last section is an in-depth examination of the time series utilized in the thesis. As 

violations of underlying assumptions may distort our results, this section discusses and 

investigates the most common issues associated with time series analysis. 

Part 3 focus on the market for credit derivatives. We demonstrate how credit default swap 

(CDS) premiums can be used to infer a risk neutral probability of default in the interbank 

market. Continuing in a similar manner, we decompose the risk premium into a credit and a 

liquidity component. These components provide insight into the key interbank market drivers 

throughout the period.  

Part 4 briefly explains the role of systematic risk in relation to portfolio theory, and why 

increasing systematic risk undermines the benefits of diversification. Furthermore, using 

various techniques for measuring systematic risk, from simple correlations to Vector 

Autoregressive (VAR) models, we address possible spillover effects among interbank 

markets. The overall aim with part 4 is thus to determine whether the Danish market was 

exposed to interbank market tensions stemming from the US and the Euro area. 

Part 5 utilize results from the two previous parts to investigate if increasing risk premiums in 

the Danish market was a result of liquidity shortages in the foreign exchange (FX) swap 

market. The hypothesis springs from the development in the FX swap market where 

especially US dollars and Euros became increasingly difficult to obtain, indicating increasing 

funding costs for Danish financial institutions.  

Part 6 concludes, first based on the respective parts, and in the end, on an overall level. Here 

we evaluate our results and align them against the research question as defined in Part 1.  



 

15 of 130 

 

Part 2: Data Analysis and Econometric Discussion 

As discussed in the introductory part, an empirical analysis depends crucially on the quality of 

the data set. In this thesis we therefore devote the second part to a comprehensive time series 

analysis. To familiarize the reader to the various interest rates utilized, we start by defining 

unsecure and secure lending rates. Next, we demonstrate why the spread between unsecure 

and secure rates is a good proxy of the health of the banking system. After discussing recent 

events in the interbank market, the last section investigates the time series for possible pitfalls 

that may distort findings. 

2.1 Data Description 

This section briefly describes the interest rates used in the thesis. An important element is the 

fact that these rates are reported rates and thus do not necessarily reflects actual traded rates. 

Moreover, we show the close relationship between target interest rates set by central banks 

and secure lending rates. In the end we illustrate why the spread between unsecure and secure 

lending rates acts as a proxy for the general stress level in interbank markets. This connection 

is useful when we later consider the key drivers in the interbank market. 

2.1.1 Interbank Rates – Unsecured Lending 

Interbank rates are reference interest rates for uncollateralized lending between prime banks. 

This implies that the lending is unsecured and does not require collateral for a loan advance. 

The loan repayment depends on the borrower’s ability to repay, and hence involves 

counterparty risk. According to Denmark’s National Bank (2008), the unsecured rates reflect 

both the current and expected monetary policy interest rates, credit risk and liquidity risk. 

Furthermore, the interbank rates are quoted at maturities of 1 week, 2 weeks and 1 to 12 

months. Even though the quotes reflect each reporting bank’s required rate for interbank 

lending, the banks are not obligated to deliver liquidity at their reported rate. In other words, 

the true lending rate may differ from the quoted rate. Consequently, interbank rates should 

only be interpreted as a benchmark for unsecured short-term lending.  

The interbank market is organized on a bilateral basis where only the two parties involved in 

the transaction receive information on the final agreed rate. Moreover, the interbank market is 

used as common groundwork for fixing interest rate for many financial products, e.g. the 
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Eurocurrency and the Eurobond market. In total, it is safe to say that the development in 

interbank rates have major impacts on financial markets worldwide. 

The Libor is calculated for the Australian Dollar (AUD), Canadian Dollar (CAD), Swiss 

Franc (CHF), Danish Krone (DKK), Euro (EUR), Sterling (GBP), Japanese Yen (JPY) and 

New Zealand Dollar (NZD) based on the interest rates provided by the reporting banks. The 

USD Libor is based on 16 reporting banks and published by the British Bankers’ Association 

(BBA) at 11:00 am (GMT). The Euribor is calculated on the basis of a panel of 43 reporting 

banks and published by the European Banking Federation (EBF) at 11:00 am (CET). At the 

current time there are eight Cibor reporting banks and the fixed rate is published by 

Denmark’s National bank and Finansrådet at 11:00 am (CET).  

2.1.2 Overnight Index Swaps – Secured Lending 

According to Credit Suisse (2001), an Overnight Index Swap (OIS) is a fixed interest swap 

with the floating leg tied to a published index of a daily overnight rate reference. In the United 

States the overnight rate is the effective federal funds rate.5

In a transaction the two parties agree to exchange the difference between the interest accrued 

at the agreed fixed rate and the interest rate accrued through geometric averaging of the 

floating index rate. Since it is only an exchange of the difference between the fixed and the 

floating rate, the transaction is considered secure and close to risk-free. As Credit Suisse 

defines it: 

 The OIS rate is thus used as an 

approximation of the risk-free rate and closely related to collateralized lending rates. 

“Receiving the fixed rate in an OIS is equivalent to lending cash, while paying the fixed rate 

in an OIS is like borrowing cash.”6

 In addition, the OIS is an instrument that allows financial institutions to swap floating interest 

rates for fixed rates without having to refinance and change the terms of the loans. The swap 

therefore allows banks to manage their liquidity requirements more effectively. The following 

example accentuates the main features of an OIS transaction: 

 

                                                 
5 (Federal Reserve, Economic Synopses, 2009), p.1 
6 (Credit Suisse, 2001), p. 1 
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Table 2.1 Example of OIS Transaction 
The table shows an example of a 3-month OIS transaction with a national amount of 10 million USD.  

Example of a 3-month OIS Transaction 

Input: 

Bank A (pays a floating rate and receives a fixed rate)  

3-month OIS rate: 2 percent (fixed) 

Bank B (pays a fixed rate and receives a floating rate) 

Geometric average effective federal funds rate after 3 months: 1.91 percent (floating) 

Notional amount: 10 million USD 

Output: 

Net cash inflow: (2 percent – 1.91 percent) x 3/12 * $10 million = $2,250 

At the time of maturity, Bank A receives $2,250 from its counterparty Bank B. This is because Bank A receives 

the fixed rate at 2 percent and pays the floating rate at 1.91 percent. Bank B therefore has a net cash outflow of 

$2,250. 

Since the OIS represents the expected overnight future interest rate, the OIS should tail and 

reflect the market’s expectation of the target rate set by the central bank over the term of the 

swap. We can easily test this hypothesis by regressing the 3-month OIS on the target rate. Our 

estimated r-square values of 0.99, 0.94, and 0.98 for the US, Euro area and Denmark, 

respectively, shows a strong relationship between these two variables.7

Figure 2.1 Development in Target Interest Rates and OIS Rates 

 

The graph shows the development in target interest rates and corresponding Overnight Interest Swap rates in the 
US, Euro area and the Danish market during January 2007 and January 2010.  
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Typically, the OIS rate is higher than the target rate in periods where future central bank 

policy rates are expected to increase. On the contrary, the opposite is true when the market 

expects future rates to decline. In addition, the figure also shows that the OIS tends to drops 

prior to cuts in policy rates.  

2.1.3 The OIS Spread – a Health Measure 

As discussed earlier, the Overnight Index Swap rate is a good approximation of the risk-free 

rate. The unsecured rates, however, have a markup due to the level of risk involved. It is 

therefore possible to utilize the spread between unsecured interbank rates and secured OIS 

rates as an indicator of the total credit and liquidity premiums contained in the unsecured 

rate.8

“LIBOR-OIS remains a barometer of fears of bank insolvency” 

 Following the Federal Reserve (2009), this spread is employed as a measure of the 

overall health of the banking system. This is because it reflects what banks believe is the risk 

associated with lending to other banks.  

Alan Greenspan (former Fed Chairman)9

Modern financial markets are highly securitized, meaning that assets with the same level of 

risk and characteristics are aggregated in pools and tranches.

 

10 The pools are issued as new 

securities backed by the underlying assets and their cash flows before sold to investors. This 

is known as the “originate and distribute” model.11

                                                 
8 (Denmark’s National Bank, 2008), p.48 

 According to Brunnermeier (2009), the 

banking system has undergone an important transformation from the traditional banking 

model where the issuing bank hold loans until they are repaid. In that sense, the “originate to 

distribute” model has replaced the traditional banking model. Although the transition has led 

to declining lending standards, the gains have been enhancements of liquidity and more 

efficient use of credit in capital markets. Since the OIS spread captures these measures, it is 

well suited as a barometer of the overall health of the banking system. 

9 (Federal Reserve Economic Synopses, 2009), p.1 
10 (Brunnerheimer, 2009) reports that during the first half of 2007, $1200 billion worth of asset-backed 
commercial thesiss (ABCP) were outstanding in the United States. As the financial crisis evolved the 
outstanding amount was cut to less than 800 billion USD in January 2009. 
11 (Brunnermeier, 2009), p.78 
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Note that we in the rest of this thesis refer to the OIS spread as the risk premiums contained in 

unsecured rates:  

𝑅𝑖𝑠𝑘 𝑃𝑟𝑒𝑚𝑖𝑢𝑚 = (3𝑀 𝑈𝑛𝑠𝑒𝑐𝑢𝑟𝑒𝑑 𝑅𝑎𝑡𝑒 − 3𝑀 𝑆𝑒𝑐𝑢𝑟𝑒𝑑 𝑅𝑎𝑡𝑒) 

2.2 Recent Events 

In order to understand the development in interbank markets, it is important to consider the 

key drivers of these markets. Before analyzing our time series, we will therefore provide a 

brief summary of the most important events and the effects they had on the risk premiums. 

For an excellent and more detailed discussion of the turmoil in interbank markets during the 

crisis we refer to Taylor and Williams (2008). 

From the start of our data set, which is in January 2006, and until August 2007, the risk 

premiums are at relatively low levels. The three interbank markets seem to follow each other 

closely in an interval from 5 - 15 basis points. Heider et al. (2009) explains the calm market 

conditions with a well-functioning interbank market where both the supply and demand side, 

i.e. lenders and borrowers, are fully participating.  

From August 2007, however, interbank markets experience a dramatic increase in the risk 

premiums. The change can largely be explained by rising concerns towards the US subprime 

mortgage market and its closely linked structured products. These structured products were 

not only in the portfolios of many American banks, but also other international and 

Scandinavian ones. Furthermore, due to the complexity and over-the-counter (OTC) nature of 

these mortgage related products, it was hard for banks to determine the potential 

consequences and worst-case scenarios they could generate.  
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Figure 2.2 Development in International Interbank Risk Premiums  
The figure depicts the development of the risk premiums from January 2007 to January 2010. 2006 is left out as 
the risk premiums are approximately zero. 

 

The result was that much of the supply side in the interbank market dried up as banks became 

more reluctant to lend to each other, effectively increasing the risk premiums in both the US 

and the Euro area to approximately 100 basis points. The Danish risk premium peaks at 50 

basis points, far from the level of its two counterparts. According to Denmark’s National 

Bank (2008), there were two reasons for this divergence. Firstly, Danish banks had limited 

exposure to US subprime mortgages in comparison to American and European banks. 

Secondly, Danish banks were holding substantial amounts of liquidity in the form of 

certificates of deposits issued by Denmark’s national bank. In addition, Strömqvist and 

Soultanaeva (2009) derives a similar conclusion for the Swedish risk premium, which is a 

market considered similar to the Danish one.  

The breakdown of several interbank markets towards the end of 2007 induced a series of 

liquidity injections by the central banks.12

                                                 
12 The liquidity injections and TAFs are described in greater detail in (McGuire and Peter, 2008) and the 
European Central Bank (2008) 

 Besides injecting Euros and USDs into the 

corresponding interbank markets, the European Central Bank (ECB) and the Federal Reserve 

(FED) initiated special term auction facilities (TAFs) to provide liquidity to the Euro area and 
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the US. These market interventions were required because, among other things, financial 

institutions outside the US needed financing for their extensive dollar investments in 

mortgage-related products.13

Denmark’s National Bank (2008) reports that no extraordinary open market operations or 

adjustments to the liquidity management were necessary due to the relatively modest 

exposure to US subprime mortgages. However, for the European and American banks which 

were exposed, the various monetary policies and cooperation between the central banks 

helped stabilize interbank markets, effectively reducing the risk premiums. 

  

Still, at around 50 basis points there was much uncertainty in the market concerning the 

potential future losses. Further skepticism evolved after the forced bailout of Northern Rock 

in February 2008 and the subsequent collapse of Bear Sterns. Heider et al. (2009) ascribe the 

elevated risk premiums to signs of an adverse selection problem in the interbank market. The 

higher interest rates reflected that only the riskier borrowers remained in the market, whereas 

the safe ones dropped out.   

Nevertheless, the Lehman Brothers bankruptcy in September 2008 was by far the most 

important event during this four-year period. The effect it had on interbank rates was 

dramatic. In the following months, the US risk premium reached an astounding 364 basis 

points, while the Euro area peaks at 194. Moreover, the Danish risk premium followed the 

Euro area with a peak at 207 basis points in November, indicating that the Danish market was 

affected by the Lehman collapse.  

Turning to 2009, the general trend was that the risk premiums receded somewhat. However 

IMF (2009) reports that market participants still were concerned.  Moreover, some banks 

continued to deposit surplus liquidity with central banks instead of lending it out to other 

financial institutions. In the same paper IMF (2009) adds that central banks are likely to 

remain major suppliers of term funding until banks balance sheets concerns are eliminated. 

Aggregated these factors made the risk premiums prevail at levels prior to the Lehman 

collapse, with the only difference being a slightly higher Danish risk premium compared to 

the European and the US risk premium.  

                                                 
13 McGuire and von Peter (2008) provide a comprehensive discussion on the USD funding requirements by the 
European banks from mid-2007.  
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Although our time period ends on the 31st of January 2010, we note that the risk premiums 

have received a fair share of attention also in 2010. As of July 2010, the risk premiums are 

back to levels not seen since the last quarter of 2009. One of the current discussions relates to 

why longer periods of very low deposit rates from central banks have not reduced the risk 

premiums. The fear is that persistent high interbank market rates will result in higher lending 

rates from the banks, which eventually will hurt consumers and firms. Another debate 

concerns the effect of central banks’ intervention with programs such as the Trouble Asset 

Relief Program (TARP) had on the interbank market. Interestingly, the recent quarterly 

review from Banks for International Settlement (BIS, 2010) includes a discussion on the 

persistent dislocation-problem in the FX swap market. We comment on this discussion in Part 

5 of this thesis.   
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2.3 Time Series Analysis 

To employ the time series correctly, we must first analyze their behavior over time. Utilizing 

data and functional forms that violates important underlying assumptions in the Ordinary 

Least Square (OLS) procedure may at best produce inefficient results, and at worst, render 

them useless.14

With the methodology used in this thesis, the focus should be on problems with: 

 In the event of a violation, we will discuss the various approximations 

available and the pros and cons associated with the chosen method.  

1. Structural breaks in the data set 

2. Heteroscedastic residual behavior 

3. Correlated variables (multicollinearity)  

4. Nonstationary data 

5. Cointegration 

We devote a section to each of these five issues. In addition, there are a variety of other 

concerns one can find in time series analysis. Many of them are simply resolved by including 

a sufficient number of observations. With close to 1500 observations, problems with e.g. 

normality assumptions should be reduced to a minimum. Others again are so trivial that we do 

not see the benefit of pursuing them any further.15

Analyzing these five issues requires utilizing econometric tests. Many of the tests include 

complex derivation and formal proofs, which we have deliberately omitted. We believe this 

will benefit the reader as it gives the text a better overall flow. Moreover, leaving the 

derivation out leaves more room for a throughout analysis of our findings. 

  

2.3.1 Structural Breaks 

As described earlier, our research examines data from the last four years. For a financial time 

series with daily data this is considered a rather long period. Consequently, there may exist 

several structural breaks in the time series. A structural break occurs when the estimated 

parameters in the model are unstable over time, i.e. there is a significant difference between 

                                                 
14 Ordinary Least Squares (OLS) is a technique for estimating unknown parameters in a linear regression model 
that minimizes the sum of the squared residuals. 
15 Instead, we focus on the most relevant econometric issues. This is in line with similar research, e.g. Abbassi 
and Schnabel (2009) and Kahlid and Kawai (2003).  
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the residual variance from one part of the data to another.16

1. The Quandt-Andrews Unknown Breakpoint Test  

  It is a reasonable hypothesis that 

our time series exhibits structural breaks. The development in the risk premiums illustrated in 

Figure 2.2 suggests that we are at least dealing with two different periods, one pre-crisis 

period and one crisis period. To determine the breakpoint between these two periods, we 

perform two tests for structural breaks: 

2. The Chow Test for Structural Breaks  

Both tests utilize the relationship between the 3-month unsecured interbank market interest 

rate (dependent variable) and the secured market interest rate (explanatory variable). For 

Denmark, this yields the following regression: 

𝐶𝑖𝑏𝑜𝑟 3𝑀 = 𝛽0 + 𝛽1𝐶𝑖𝑡𝑎 3𝑀 + 𝜀𝑡 

2.3.1.1 The Quandt-Andrews Unknown Breakpoint Test 

This test for a structural break has its origins in the Quandt Likelihood Ratio (QLR) statistic 

provided by Richard E. Quandt (1960) in the early literature on structural breaks. Here, one 

searches for the maximum F-statistic from all possible breakpoints with a null hypothesis of 

no change in the parameters. Further development was made through the possibility to test for 

a partial structural change. Andrews (2003) systematized this with asymptotic critical values 

for the Maximum Wald Statistic. Unlike earlier tests for structural breaks, the Quandt-

Andrews test does not assume that we know the exact point of the structural break. Instead, 

the point in the series with the highest Wald statistic determines the breakpoint. 

The test is conducted as follows. Assuming a stationary time series, the Wald statistic for the 

null hypothesis is:17

 

 

𝐻0: 𝛽𝑡 = 𝛽0 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑡  

                                                 
16 (Yaffee, 2000), p.93 
17 In Section 2.3.4 we show that the pre-crisis time series (defined by the structural break found in these two 
tests) is stationary. 
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Against the alternative hypothesis that a particular subset of the parameters does change: 

𝐻𝐴(𝜋): 𝛽𝑡 = � 𝛽1, 𝑡 = 1, . . ,𝑇𝜋
        𝛽2, 𝑡 = 𝑇𝜋 + 1, . . ,𝑇

�  

In other words, we test the null hypothesis of constant parameters against the alternative 

hypothesis that a particular subset of the parameters does change. Accordingly, the Wald 

statistic is analogous to the QLR statistic from Quandt.  Furthermore, we estimate the Wald 

Statistic for all possible breakpoints in our time series.18

Figure 2.3 The Quandt-Andrews Unknown Breakpoint Test  

 We compare the highest of these, 

called sup Wald, against a critical value. Clearly, conventional critical values for the Wald 

Statistic are not appropriate since we are looking for the highest estimated value. Instead we 

use critical values specifically developed for the sup Wald. If the sup Wald statistic exceeds 

the critical value we reject the null hypothesis of constant parameters.  

The table displays the results from the Quandt-Andrews test for structural breaks. The date column shows the 
day in the entire time series with the highest estimated Wald Statistic, i.e. where the structural break is most 
probable. In consistence with general practice, one star (*) represents a coefficient that is significant at a 10 
percent significance level, two stars (**) at a 5 percent level and three stars (***) at a 1 percent level. The 
appropriate asymptotic p-values are significant at a 1% significance level and were calculated using Hansen’s 
(1997) method. For this matter, we allowed for a symmetric “trimming” of 5%.   

The Quandt-Andrews Unknown Breakpoint Test 

  Date sup Wald p-value 
Denmark 10.08.2007 25781.53 0.0000*** 
Euro area 10.08.2007 19845.25 0.0000*** 

US 09.08.2007 4768.91 0.0000*** 

The test suggests a structural break in the beginning of August 2007, depending on which 

market one looks at. In line with most research on the financial crisis, e.g. Taylor and 

Williams (2008), Goodhart (2008) and Abbassi and Schnabel (2009), we therefore define 

August 9th, 2007 as the beginning of the crisis.  

2.3.1.2 The Chow Test for Structural Breaks 

We confirm the results from the Quandt-Andrews test with a simple Chow test. Unlike the 

Quandt-Andrews test, we specify the exact structural breakpoint ourselves. August 9th, 2007 

is therefore set as the first day of the crisis period.  Furthermore, following Gujarati (2003), 

                                                 
18 Formally, the Wald statistics are estimated through the Quandt-Andrews test in EViews 7.  
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we perform three regressions where the first two separates the sample period while the last 

covers the entire period.  

(1) Time Period 02.01.2006 – 08.08.2007:𝑌𝑡 =  𝜔1 + 𝜑2𝑋𝑡 + 𝜇1𝑡 

(2) Time period 09.08.2007 – 31.01.2010: 𝑌𝑡 =  𝛾1 + 𝛾2𝑋𝑡 + 𝜇2𝑡 

(3) Time period 02.01.2006 – 31.01.2010: 𝑌𝑡 =  𝛼1 + 𝛼2𝑋𝑡 + 𝜇3𝑡 

In 1 and 2 we assume that the intercept and the slope coefficients are different. In the last 

regression we assume that both the intercept and slope coefficient remain the same over the 

entire period. That is, 𝛼1 = 𝜔1 = 𝛾1 and 𝛼2 = 𝜔2 = 𝛾2. If there is no structural change in the 

time series, the aggregated residual sum of squares (𝑅𝑆𝑆𝑅) from regression 1 and 2 should 

equal the residual sum of squares (𝑅𝑆𝑆𝑈𝑅) obtained from regression 3. Chow (1960) formally 

defined this relationship as: 

𝐹 =  
(𝑅𝑆𝑆𝑅 − (𝑅𝑆𝑆𝑈𝑅)

𝑘
(𝑅𝑆𝑆𝑈𝑅)

(𝑛1 + 𝑛2 − 𝑘)

 

Where the F-ratio follows the F-distribution with k=2 and df=1487 and a corresponding 

critical value of 4.61 on a 1 percent significance level. Our result is a clear rejection of the 

null hypothesis of parameter stability for all three markets, a result in accordance with the 

findings from the Quandt-Andrews test.19

As a last point in this section we discuss the reasons for not including a third period, namely a 

post-crisis period. One could argue for introducing a third period as the tension in interbank 

markets seemingly is reduced. However, we argue that the market has not fully recovered. 

Interbank rates have increased to levels not seen since the end of 2009. Hence, uncertainty in 

the interbank market still exists, and including a third period may therefore distort our results 

somewhat. In addition, it will make our analysis less comparable to similar research on 

spillover effects as the common approach usually includes only two periods. For these 

  

                                                 
19 All calculated F-values are higher than 100 and thus lead to a clear rejection of the null hypothesis on any 
relevant significance level. See Appendix 2.2 for a full summary. 
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reasons, two periods are defined: a pre-crisis period from the 2nd of January 2006 to the 8th of 

August 2007, and a crisis period from the 9th of August 2007 to the 31th of January 2010.   

2.3.2 Heteroscedasticity 

Another important assumption in time series analysis is that the conditional variance of each 

disturbance term 𝜇𝑖 is the same for all observations. Formally, 

𝐸(𝜇𝑖2) = 𝜎2     𝑓𝑜𝑟 𝑖 = 1,2. . ,𝑛 

With cross-sectional and time-series data, however, we often experience a time varying 

disturbance term:  

𝐸(𝜇𝑖2) = 𝜎𝑖2   𝑓𝑜𝑟 𝑖 = 1,2. . ,𝑛 

If heteroscedasticity is present in our data set, we cannot trust the conventional hypothesis 

tests as the standard errors of the estimated coefficients will be biased and thus produce 

inaccurate results.20

1. White’s General Heteroscedasticity Test  

 This means that standard OLS estimates cannot be trusted. Furthermore, 

heteroscedasticity can interfere with conventional methods for estimating correlation 

coefficients, and as a result, produce inadequate results. This is problematic as we later 

analyze the systematic risk in the interbank market utilizing cross-market correlations. For 

these reasons, it is important that we properly test our time series for heteroscedastic behavior. 

We perform two tests, namely: 

2. Breusch-Pagan Test 

2.3.2.1 White’s General Heteroscedasticity Test 

Following Greene (2002), we start investigating the time series by performing the White’s 

General Heteroscedasticity Test. From the regression: 

                                                 
20 (Gujarati, 2003), p. 399 
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𝑌𝑖 =  𝛽1 + 𝛽2𝑋2𝑖 + 𝛽3𝑋3𝑖 + 𝜇𝑖 

Where 𝑌𝑖 is the risk premium for the dependent area, for example Denmark, and 𝑋𝑖 are the 

corresponding risk premiums for the two other markets, i.e. Euro area and US, we obtain the 

residuals �̂�𝑖2. We then perform the following auxiliary regression:  

�̂�𝑖2  =  𝛼1 + 𝛼2𝑋2𝑖 + 𝛼3𝑋3𝑖 + 𝛼4𝑋2𝑖2 + 𝛼5𝑋3𝑖2 + 𝛼6𝑋2𝑖𝑋3𝑖 + 𝑣𝑖 

That is, regressing the squared residuals on the independent variables, the squared 

independent variables and the cross product of the independent variables. Under the null 

hypothesis of no heteroscedasticity, it can be shown that the sample size n times the 𝑅2 

derived from the auxiliary regression asymptotically follows the chi-square distribution with 

degrees of freedom (df’s) equal the number of regressors in the auxiliary regression.21

Table 2.2 White's General Heteroscedasticity Test 

    

𝑄 = 𝑛 ∙ 𝑅2~ 𝜒𝑑𝑓2  

The table displays the results from the White's test. The 5 percent critical chi-square value with five df’s is 11.07. 
Clearly, heteroscedasticity is present in our data set as all null hypotheses of no heteroscedasticity are rejected.  

White's General Heteroscedasticity Test 
Pre-crisis period (Jan 06 - Aug 07) 

  Q-statistics 
Denmark 161.4*** 
Euro area 76.68*** 

US 123.3*** 
Crisis period (Aug 07 - Jan 10) 

Denmark 110*** 
Euro area 327.3*** 

US 26.43*** 

Clearly, the series show signs of heteroscedasticity as all null hypotheses are rejected on a 1 

percent significance level. After performing the second test for heteroscedasticity, the 

Breusch-Pagan Test, we will discuss the workarounds available to correct the problem of 

changing variance.    

                                                 
21 The proof was provided in an article from White (1980). 
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2.3.2.2 Breusch-Pagan Test 

Similar to the White’s test, we run the regression: 

𝑌𝑖 =  𝛽1 + 𝛽2𝑋2𝑖 + 𝛽3𝑋3𝑖 + 𝜇𝑖 

The variables are defined as in the White’s test. Furthermore, following Gujarati (2003) we 

calculate:   

𝜎� =
∑ �̂�𝑖2

𝑛
  

And use the information to perform the following regression:  

∑ �̂�𝑖2

𝜎�
= 𝛼1 + 𝛼2𝑋2𝑖 + 𝛼3𝑋3𝑖 + 𝜈𝑖  

Obtaining the ESS (explained sum of squares) from the last regression, we calculate the Q-

statistics that follows the chi-square distribution with (m-1) df’s as: 

𝑄 =
1
2
∙ 𝐸𝑆𝑆~ 𝜒𝑑𝑓2  

Table 2.3 Breusch-Pagan Test 
The table displays the results from the Breusch-Pagan test. The 5 percent critical chi-square value with two df’s 
is 6.  

Breusch-Pagan Test 
Pre-crisis period (Jan 06 - Aug 07) 

  Q-statistics 
Denmark 15.34*** 
Euro area 17.37*** 

US 71.87*** 
Crisis period (Aug 07 - Jan 10) 

Denmark 12.89*** 
Euro area 51.56*** 

US 10.59*** 
 

Again, we reject the null hypothesis of no heteroscedasticity on a 1 percent significance level. 

Thus, our two tests clearly indicate that our data set is troubled with heteroscedasticity.  This 

is not surprising as periods of financial turmoil often increase the volatility in the market. 
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Even in periods of less volatility, such as in the pre-crisis period, heteroscedasticity may arise. 

Numerous papers discuss the problems associated with heteroscedasticity in time series, and 

many solutions are suggested. A common practice when the sample size is small is to work 

with various bootstrap methods. Most bootstrap methods originate from an influential paper 

by Efron (1979). Fortunately, our sample size is large. Therefore, we can use OLS methods as 

usual and apply White’s heteroscedasticity-corrected standard errors (se) for inference.22

A more severe problem is that heteroscedasticity can produce biased estimates of standard 

correlation coefficients, which we will later utilize as a measure of systematic risk. In 

academia this is a fairly new discovery, and still no consensus on the issue exists. In Section 

4.1 on systematic risk, we provide a more detailed summary on existing research on this topic. 

In addition, we briefly comment on the methods suggested to incorporate heteroscedasticity 

when estimating correlation coefficients. 

 

These corrected standard errors will obviously change the corresponding t-values, but it 

allows us to employ standard OLS techniques and hypothesis testing, corrected for problems 

with heteroscedasticity. 

2.3.3 Multicollinearity 

A third issue to check for in time series analysis is whether two or more explanatory variables 

are correlated. As a perfect linear relationship among some or all explanatory variables of a 

regression model is a rarity, we usually worry about the degree of multicollinearity in the 

sample. A high degree of multicollinearity may lead to large standard errors of the OLS 

estimators, wrong signs of regression coefficients and difficulties in assessing the individual 

contribution of the explanatory variables to the explained sum of squares.23

Since there are no formal multicollinearity tests available, we must instead utilize a few rules 

of thumb. To start with, high correlation and  𝑅2 values but few significant t-statistics is an 

indicator of multicollinearity. We provide the results from the Variance Inflation Factor (VIF) 

and the Condition Index (CI). Multicollinearity may be a problem if these two tests return 

values more than 10 and 30, respectively.

  

24

                                                 
22 (Gujarati, 2003), pp. 417-418  

 We refer to Appendix 2.3 for a full summary of 

23 (La Cour, 2008), lecture notes 
24 VIF is defined as: 𝑉𝐼𝐹𝑖 = 1

1−𝑅𝑖
2. A consequence of multicollinearity is that the variance increases. The VIF is 

thus a measure of how much the variance is increasing. The CI is derived through matrix algebra and has similar 
characteristics as the VIF. Statistic programs such as SAS provide these tests automatically. 
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these results, but it is safe to say that no indication of multicollinearity appears within these 

tests. 

Table 2.4 VIF and CI check for Multicollinearity 
The table displays the results from the VIF and CI. If the calculated values are above 10 and 30, respectively, we 
may expect multicollinearity to be present. The results indicate that multicollinearity is not a problem in this data 
set.  

Indicators of Multicollinearity 
Pre-crisis period (Jan 06 - Aug 07) 

  VIF CI 
Denmark 1.07 16.18 
Euro area 1.06 11.44 

US 1.00 15.28 
Crisis period (Aug 07 - Jan 10) 

Denmark 6.02 11.05 
Euro area 1.77 6.21 

US 2.84 8.50 

Since all values are far below the defined interval where multicollinearity may be a problem, 

we leave the discussion here. Instead, we move to the forth concern in our analysis, 

nonstationarity. Due to the recent development in interbank markets, we suspect this issue to 

be more problematic. 

2.3.4 Nonstationarity 

When analyzing financial time series we often encounter the problem of nonstationarity. 

Gujarati (2003) defines nonstationary time series as time series with a time-varying mean, a 

time-varying variance or both. This implies that we can only study its behavior for the time 

period currently under consideration, i.e. we cannot generalize it to other time periods. Our 

motivation for including an analysis of nonstationarity is that the Granger Causality tests we 

employ later in this thesis requires the time series to be stationary in order to produce feasible 

estimates.  

We employ the most widely recognized test for nonstationarity, the Augmented Dickey-Fuller 

(ADF) test. 
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2.3.4.1 The Augmented Dickey-Fuller Test 

The ADF-test is a unit root test in three different forms, dependent on whether one allows for 

a zero mean, non-zero mean or non-zero trend. 25

1. 𝑌𝑡 is a random walk: ∆𝑌𝑡 = 𝛿𝑌𝑡−1 + 𝜇𝑡 

 That is: 

2. 𝑌𝑡 is a random walk with drift: ∆𝑌𝑡 = 𝛽1 + 𝛿𝑌𝑡−1𝜇𝑡 

3. 𝑌𝑡 is a random walk with drift around a stochastic trend: ∆𝑌𝑡 = 𝛽1 + 𝛽2𝑡 + 𝛿𝑌𝑡−1𝜇𝑡 

Where 𝑌𝑡 represents the risk premium and t is the time variable. In each case, the null 

hypothesis is that 𝛿 = 0, that is, there is a unit root – the series are nonstationary. The test is 

conducted for both the pre-crisis and the crisis period for all three markets. From Figure 2.2, 

we see clear signs of a non-zero mean in the development in the risk premiums over time. 

Moreover, we cannot reject the presence of a trend in the time series. Thus, our attention 

should be on the results from the single mean and trend models as they are deemed most 

relevant for our time series. In the interest of brevity, we provide a summarized table of 

results from the ADF test. 

Table 2.5 The Augmented Dickey-Fuller Test  
The table displays the results from the ADF test for nonstationarity. The appropriate lag length is determined 
through Akaike’s Information Criteria (AIC). However, since the results do not change with longer lag lengths, 
we only include two lags in this table. Furthermore, we separate the sample in order to include the effects from 
the structural break. A significant coefficient leads to a rejection of the null hypothesis of nonstationarity.   

The Augmented Dickey-Fuller Test 
Pre-crisis period (Jan 06 - Aug 07) 

    Denmark Euro area US 
Type Lags Tau-statistics 
Single mean 0 -4*** -9.31*** -7.92*** 
  1 -2.84* -6.15*** -6*** 

  2 -2.29 -5.21*** -4.87*** 
Trend 0 -6.86*** -9.36*** -9.19*** 
  1 -5.14*** -6.12*** -7.05*** 

  2 -4.41*** -5.13*** -5.88*** 
Crisis period (Aug 07 - Jan 10) 

    Denmark Euro area US 
Type Lags Tau-statistics 
Single mean 0 -1.98 -1.24 -0.98 
  1 -1.91 -1.19 -1.43 

  2 -1.89 -1.47 -1.54 
Trend 0 -1.72 -1.70 -1.38 
  1 -1.67 -1.55 -1.69 
  2 -1.64 -1.75 -1.82 

                                                 
25 This test follows the methodology found in (Greene, 2002), pp. 643-646 
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Overall, the results seem to fit our expectations. In the pre-crisis period the risk premiums 

from the Euro area and the US are stationary at 1 percent significance level, regardless of 

model and lag length. For the Danish data there is some noise in the single mean model, but 

this is corrected at later lags. Altogether, the pre-crisis period is well-behaved and stationary.  

In the crisis period where the volatility is higher, we find the calculated Tau-statistics to be far 

from significant. We therefore conclude that the data from the pre-crisis period is stationary 

while the data from the crisis period contains a unit root process.  

The solution to the unit root problem is usually to take the first difference of the time series.26 

We check that the transformation is successful by running the ADF test again. The calculated 

Tau-statistics for the crisis period are now significant for all risk premiums, i.e. we reject the 

null hypothesis of nonstationarity.27 Hence it is confirmed that our time series in the crisis 

period follows an I(1) process.28

The I(1) properties of the data from the crisis period induce the possibility for the time series 

to be cointegrated. In general, two or more variables are cointegrated if there exists a long-

term equilibrium relationship between them. Although these relationships are rare in financial 

time series, they sometimes appear when working with short-term interest rates. A first 

difference transformation will remove this important relationship if it exists. In the next 

section we therefore investigate whether some or all variables are cointegrated.  

 This is a good result as the time series must be integrated of 

the same order to obtain feasible regression estimates. It is important to note that our pre-

crisis time series are integrated in the order of zero, I(0). However, as we always separate the 

pre-crisis and the crisis period we do not violate this rule. 

As a concluding remark we would like to emphasize certain limitations with employing unit 

root tests for nonstationarity. Firstly, for statistical reasons we would prefer a hypothesis of 

stationarity as our null hypothesis. In this case, we reject the null hypothesis only when the 

evidence against is strong. Secondly, the unit root tests are known for lacking statistical 

power. In practice this means it is hard to distinguish between a unit root process and a near 

                                                 
26 This transformation is applicable since our ADF test finds the time series to be difference stationary (DSP), i.e. 
containing a unit root. (Gujarati, 2003), pp. 820-821. We first difference by ∆𝑌𝑡 = 𝐿𝑁( 𝑌𝑡

𝑌𝑡−1
) 

 
27 The ADF results for the first differenced time series in the crisis period is included in Appendix 2.4 
28 If a time series is I(1), it will contain a unit root and thus has to be differenced once. In general, an I(d) 
process has to be differenced d times in order to be stationary, where d is any integer. (Gujarati, 2003), p. 820 
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unit root process.29 However, the Augmented Dickey-Fuller Test is widely recognized to be 

one of the most appropriate tests for nonstationarity.30 The results are highly significant and 

derived utilizing an abundant data sample. This should reduce the probability of committing a 

type 2 error. In addition, similar findings appear in research from e.g. Ji and Lin (2009).31

2.3.5 Cointegration 

 In 

total, we feel confident in utilizing the first difference of the time series throughout the thesis 

to correct for nonstationarity in the crisis period. We will specify when a first difference 

transformation is employed as not all methods requires a fulfillment of this assumption.  

After establishing the I(1) property of the data from the crisis period in the section above, we 

must check if there is a linear combination between the nonstationary time series which is 

stationary. The possibility for a long-term equilibrium relationship between variables that 

cancels out the stochastic trends is the intuition behind the theory of cointegration.32

If 𝑋1 and 𝑌𝑡 exhibit unit root processes, e.g. I(1), it would be natural to assume that the error 

term 𝜇𝑡 is also nonstationary. The idea is that adding two variables with a certain property 

will produce a result with similar characteristics.

 A simple 

example may illustrate why this is so. Consider the standard regression model expressed by 

the errors: 

𝑌𝑡 = 𝛽0 + 𝛽1𝑋1 + 𝜇𝑡 

𝜇𝑡 = 𝑌𝑡 − 𝛽0 − 𝛽1𝑋1 

33

Cointegration is often found between prices for goods that are close substitutes for each other. 

Working with macroeconomic variables it is thus important to check for cointegration. 

 However, it is possible that the unit root 

process in 𝑋1 and 𝑌𝑡 cancels each other out, leading the resulting error term to be stationary. If 

true, a first difference transformation of the time series will distort the analysis as the error 

terms are in fact stationary. 

                                                 
29 (Gujarati, 2003), pp. 818-819 
30 (Yaffee, 2000), p.487 
31 Ji and In (2009) perform a similar analysis employing the 3-month risk premium for the Australian dollar, 
British pound, Euro, Japanese yen and the USD. In addition to finding higher spreads in the crisis period than 
the pre-crisis, the authors estimate all spreads to be nonstationary in the crisis period. 
32 (Enders, 2003), p. 355 
33 (Koop, 2008), p.218 
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Researchers often find short-term and long-term interest rates to be cointegrated. This 

relationship can be justified by the theory of PPP and the permanent income hypothesis.34

Although we are working with risk premiums, we do not expect to find this behavior in our 

time series. The risk premiums cross-market effects are most likely not strong enough to 

substantiate a cointegration relationship. Furthermore, it is natural to believe that central 

banks’ fiscal policies have more influence on the domestic interest rate than any foreign 

interest rate has. Consequently, we have deliberately omitted variables thought to be a strong 

driver in the risk premiums. This is simply due to the aim of our thesis. We are not interested 

in forecasting the development in the risk premiums. The risk premiums are merely a useful 

tool when analyzing interbank markets. It is nevertheless important to test for cointegration as 

a violation of the assumptions in the Vector Autoregression Models employed later will 

distort, and in a worst-case scenario, falsify our results.  

  

We perform two tests for cointegration: 

1. Cointegration Regression Durbin-Watson Test 

2. Augmented Engle-Granger Test 

Although these two tests are quite simple to perform compared to more complex tests for 

cointegration, they should be adequate for our purpose.35 We perform the cointegration tests 

both with all risk premiums combined and in pairs of all risk premiums. The cointegration 

result for Denmark and the Euro area is of special interest because of the fixed exchange 

rate.36

                                                 
34 Arize and Obi (2002) analyze the relationship between short-term and long-term interest rates (nominal and 
real) in 19 countries in the period 1973-1998. They find cointegration between 18 of the countries when 
looking at nominal interest rates, while 19 is found when using real interest rates.  

  

35 (Koop, 2003), p. 221 
36 From basic economic theory, short-term interest rates are derived from, among other things, the market’s 
expectations of the central bank fiscal policies. Furthermore, the relationship between interest rates and 
exchange rates is generally explained by theories such as the Covered and Uncovered Interest Rate parity. A 
pegged currency means that the policy from one central bank is likely to be followed by the other central bank, 
ceteris paribus.  Thus, the fixed exchange rate policy against the Euro, set by the Denmark’s National Bank, 
induces a close relationship between the two risk premiums that might result in cointegration. 
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2.3.5.1 Cointegration Regression Durbin-Watson (CRDW) Test 

The CRDW test provided by Sargan and Bhargava (1983) is based on the Durbin-Watson d-

statistics. Our model is the linear relationship between the risk premiums, either all combined 

or in pairs. For example, the combined model: 

𝑅𝑖𝑠𝑘 𝑃𝑟𝑒𝑚𝑖𝑢𝑚 𝐷𝐾 =  𝛽0 + 𝛽1𝑅𝑖𝑠𝑘 𝑃𝑟𝑒𝑚𝑖𝑢𝑚 𝐸𝑢𝑟𝑜 +  𝛽2𝑅𝑖𝑠𝑘 𝑃𝑟𝑒𝑚𝑖𝑢𝑚 𝑈𝑆 + 𝜇𝑡 

Unlike the standard Durbin-Watson test where we test the null hypothesis of d=2, our null 

hypothesis is that d=0. This is due to the unit root present in our time series. Following 

Gujarati (2003), we can express the d-statistics and the estimated first-order coefficient of 

autocorrelation 𝜌 as:  

𝑑 ≈ 2�1 −
∑ �̂�𝑡�̂�𝑡−1
∑ �̂�𝑡2

� 𝑎𝑛𝑑 𝜌� =  
∑ �̂�𝑡�̂�𝑡−1
∑ �̂�𝑡2

 

Or simplified: 

𝑑 ≈ 2(1-𝜌�) 

Given the unit root, the estimated 𝜌� will be approximately 1. Thus, solving for d yields: 2(1-1) 

= 0. The critical values provided for the CRDW Test on a 1, 5 and 10 percent significant level 

for the null hypothesis of no cointegration are 0.511, 0.386 and 0.322, respectively.  

Table 2.6 The CRDW Test 
The table displays the results from the CRDW test. In addition to the combined model, we perform the test on all 
the possible pairings. We find none of the calculated d-statistics to be significant and therefore accept the null 
hypothesis of no cointegration.  

Cointegration Regression Durbin-Watson Test 
  Model d-statistics   
  Combined model 0.030   
  DK/Euro 0.025   
  DK/US 0.023   
  Euro/US 0.036   

The CRDW test yields little evidence for cointegration and even the DK/Euro relationship is 

weak and far from significant. We therefore continue with the next cointegration test.  
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2.3.5.2 Augmented Engle-Granger (AEG) Test 

With the same models as in the CRDW test, we perform the AEG test for cointegration. By 

applying maximum likelihood techniques, we can obtain the estimated residuals from the 

CRDW regressions. Furthermore, the change (delta) in the residuals is regressed on the lagged 

residuals: 

∆�̂�𝑡 = �̂�𝑡−1 

The calculated t-value is then compared to the critical values provided by Engle and Granger 

(1987). For the null hypothesis of no cointegration, the 1 and 5 percent critical values with 

t=∞ are -3.90 and -3.33, respectively.37

Table 2.7 The Augmented Engle-Granger Test 

 

The table displays the results from the AEG test. For the Euro/US model we get a borderline rejection of the null 
hypothesis of no cointegration at a 5 percent significance level.  

Augmented Engle-Granger Test 
  Model t-statistics   
  Combined model -2.63   
  DK/Euro -2.47   
  DK/US -2.60   
  Euro/US -3.22   

 

Unlike the CRDW test these results indicate a stronger relationship between some of the 

variables. Especially the Euro/US model produces t-statistics close to the critical value. The 

null hypothesis of no cointegration is nevertheless accepted on a 5 percent significance level.  

The overall picture from the two tests is that there is no clear cointegration relationship 

between the risk premiums, neither from the combined model nor from the pair-wise models. 

Despite the fixed exchange rate between the Denmark and the EU area, the cointegration tests 

do not find any significant relationship between the two risk premiums. An economic 

interpretation of this result is that even though there is a long-run equilibrium relationship 

present in the models, we cannot capture it through pair-wise regressions between the 

                                                 
37 These critical values assume no deterministic trend or intercept. Including a trend, i.e. allowing the error 
terms to grow, would violate the idea of cointegration. This is because we allow for a steady state (equilibrium) 
in a cointegrated relationship between the variables. Furthermore, the intercept is not included since the 
residuals are estimates of errors and therefore should have a mean of zero. See Koop (2008) 
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explanatory variables. In other words, the relationship is dependent on third-factor influences 

for cointegration to occur.  

We relate this to the argument made earlier concerning omitted variables, which we believe 

have a strong impact on the risk premiums. Accordingly, the overall conclusion is that since 

we do not have cointegration between the time series, a first difference transformation that 

corrects for the nonstationarity problem is applicable.  
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Part 3: Decomposition of the Risk Premiums 

There are numerous views on what the key drivers in interbank risk premiums are. According 

to John B. Taylor and John C. Williams (2008), the various explanations can be categorized 

into four groups: counterparty risk (credit risk), liquidity risk, expectations of future interest 

rate changes and end-of-year effects. Credit risk refers to the banks' reluctance to lend to other 

prime banks, fearing that the borrower will default on the loan. Liquidity risk reflects the 

banks’ reluctance to expose its fund as it might need the funds to cover its short-falls in the 

future. In times of financial turmoil this is often referred to as liquidity hoarding. Thirdly, 

expectations about future interest rates, i.e. fall in overnight interest rates, will cause the Libor 

to decline as well. However, in times of financial turmoil the risk premium tends to increase 

as the risk-free rates fall relative to the rates on risky assets. This is called flight-to-safety and 

creates an elevated gap between the OIS and interbank rates. The fourth explanation is the 

need for banks to “cover up” and make their balance sheets respectable in terms of liquidity 

available at the end of the year. During a liquidity strain in interbank markets, cash is 

evidently king. 

Taylor et al. (2008) study the effect of the Term Auction Facility (TAF) on the US risk 

premium. The authors find no significant effect from this facility during the sample period 

tested (2007-2008). Furthermore, they also test for credit effects in the risk premiums by 

using credit default swap rates as controlling variables. Even though the authors note that it is 

difficult to distinguish credit from liquidity risk, they find that counterparty risk acts as a 

significant key driver for the variability in the risk premiums. Moreover, they disregard 

liquidity as an explanatory variable of the risk premiums since there exist a high correlation 

between liquidity-unconstrained Certificate of Deposit (CD) rates and liquidity constrained 

Libor rates. In other words, borrowers of the same credit standing face the same rates in CD 

markets as in interbank markets, which make the liquidity component in the risk premiums 

small or non-existing by definition.   

The paper from Taylor et al. (2008) stands in stark contrast to the findings of Bank of Japan 

(2008). The authors find the credit component, expressed by credit default swaps, to have low 

explanatory power for the fluctuations in the risk premiums in the US, Euro area and Japan. 

Instead, they find the liquidity premium to have higher explanatory power for all currency 

premiums. 
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Furthermore, Heider et al. (2009) present evidence that counterparty risk in interbank markets 

also involves asymmetric information. Banks are privately informed about the risk of their 

illiquid assets after, not prior to portfolio selection. Illiquid assets, even profitable ones, can 

cause repayment problems for banks. As a result, the authors note that asymmetric 

information about counterparty risk cause frictions in interbank markets. In effect, the 

suppliers of liquidity do not really know the total risk of unsecured lending to other prime 

banks. To compensate for this uncertainty, the suppliers charge a higher premium for 

unsecured interbank lending. 

3.1 Methodology used for the Decomposition 

Because the interbank rates contain both credit and liquidity risk, we are interested in the 

proportion and development of the two factors during the financial crisis. Several methods 

have been suggested for extracting the credit and liquidity premium contained in bonds with 

default risk. The most widely applied methods are: 

• Structural Merton Style Model 

• Covered Bonds Method 

• Negative CDS Basis 

3.1.1 Structural Merton Style Model 

Merton (1974) proposes a structural model to determine the probability of default. Pursuant to 

Barrie Hibbert (2009) the method compares the yield on a corporate bond against the cost of 

manufacturing an economically equivalent synthetic position from a risk-free bond and an 

option on the issuing firm’s total assets. The fair spread on the synthetic bond is obtained by 

viewing the company’s equity as a call option on its total assets, where the strike is the face 

value of the debt. The debt can be viewed as a package that combines a risk-free bond with a 

written put option on the firm’s assets. Consequently, the model exclusively describes the 

credit risk. The residual between the implied fair spread and the market spread is referred to 

as the liquidity premium. 
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Figure 3.1 Composition of Market Spreads 
The figure illustrates the composition of market spreads. 

 

Source: Summary of liquidity premium estimation methods – Berrie Hibbert (2009) 

It is appealing to use Merton’s structural model in an analysis of the default risk on corporate 

bonds because of its foundation in quantitative financial theory. According to McDonald 

(2006), it has in recent years been the basis for credit risk analyses provided by Moody’s 

KMV. The Merton model does, however, have some shortcomings. Firstly, it relies heavily on 

expert judgment to secure correct calibration. Secondly, it is also difficult to utilize the model 

in a time series analysis with frequent data because it computes a single default rate on e.g. a 

quarterly or annual basis. In total, the Merton model’s complexity makes it inadequate for our 

purpose and will therefore not be discussed further in this paper.  

3.1.2 Covered Bonds Method 

Covered bonds are debt securities backed by cash flows from mortgages or public sector 

loans. This implies that if the issuer goes into bankruptcy, the holder of the bond claims the 

underlying assets. The claim is, unlike a normal bond, a prioritized claim on an actively 

managed pool of high-grade assets (Barrie Hibbert, 2009). This feature induces investors to 

believe that covered bonds are risk-free. This view is supported by the authors of BIS 

September (2007) Quarterly Review. The authors claim that covered bonds is an alternative to 

developed country government securities for bond investors interested in securities with the 

highest rating. The difference between the yield curve on the covered bond and the 

corresponding swap yield curve reveals the term structure of the liquidity premium contained 

in the covered bonds. Since the method is best suited for analysis of the term structure, it will 

not be applied in this paper.   
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3.1.3 Negative Credit Default Swap (CDS) Basis 

The negative CDS basis approach was introduced by Bank of England (2007) as a tool for 

measuring the credit and non-credit component contained in the risk premiums. By extracting 

a default probability from credit default swaps, a credit derivative, it is possible to infer a 

credit component in the risk premiums. The remaining component, i.e. the residual left after 

subtracting the credit component, is assumed to reflect liquidity factors. The composition of 

credit and liquidity premiums in the interbank rates has important policy implications for 

central banks. Decomposing the risk premiums into a credit and a liquidity premium may 

provide useful information for a central bank. Moreover, different key drivers in the risk 

premiums require different policies and facilities in order to resolve a crisis in interbank 

markets.  

Throughout this section we have discussed several approaches for decomposing the risk 

premium. Our conclusion is that the negative CDS basis approach is the most suitable for the 

analysis performed in this paper. This is because the CDS basis approach is easier to interpret 

and utilize in a time series analysis. 

As the chosen method relies on credit default swaps, the next section will include a brief 

presentation of the market for credit derivatives. 
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3.2 Credit Default Swaps 

According to John C. Hull (2009), a credit default swap (CDS) is defined as a contract that 

provides insurance against the risk of default or failure to pay interest and installments by a 

particular company. In contrast to a regular insurance product, the buyer of a CDS contract is 

not obliged to own the underlying asset. The buyer of the contract makes a series of payments 

to the seller and, in exchange, obtains the right to sell the obligation issued by the company 

for its par value if a credit event occurs.  

This transaction can be further clarified by the following illustration: two parties enter a five 

year credit default swap on May 1st 2010. The CDS premium is traded at 90 bps and the 

notional principal is at 100 million USD. Assuming the company does not default, the buyer 

of the contract pays an annual insurance cost of USD 900,000 on May 1st each of the 

following years.  

Figure 3.2 Basic CDS Overview  
The figure illustrates the basic Credit Default Swap transaction between the CDS protection buyer (left) and 
CDS protection seller (right). 

 
Source: ECB – Credit Default Swaps and Counterparty Risk (2009) 

 

On the other hand, if the obligation issuer should default or fail to pay during these five years, 

the protection seller must pay the difference between the par value of the obligation at 100 

and the market price. In a basic CDS contract, the protection buyer must deliver an acceptable 

bond to the protection seller, and in return receive asset values equal to the notional amount. It 



 

44 of 130 

 

is therefore possible to take a “naked” position in a CDS contract. The buyer would then not 

need to own the underlying obligations. Furthermore, assuming the remaining value is 40 

after the credit event, the protection seller must pay the buyer 60 million in compensation. 

The remaining fraction of the value from a defaulted bond is often referred to as the recovery 

rate. Altman and Kishore (1996) perform a study on more than 700 defaulting bonds issued 

between 1978 till 1995 and find an average recovery rate of $41.70 per $100 par value. 

Presumably, pursuant to this study, the recovery rate used in CDS calculations in Bloomberg 

terminals by market participants is today typically set at 40 percent.  

It is important to know how the CDS contracts are priced if we are to understand why it can 

be used as a proxy for default probability in the interbank market. A CDS contract consists of 

two ground pillars, the premium leg and the protection leg. The premium leg corresponds to 

the present value of the premiums paid by the buyer (Hull 2009):  

𝜔�[u(ti) + e(ti)]pi

𝑛

𝑖=1

+  𝜔𝜋𝑢(𝑇) 

Where: 

T: Life of credit default swap in years. 

pi: Risk-neutral probability of default at time t. 

R: Expected recovery rate on the reference obligation in a risk-neutral world. 

u(t): Present value of payments at the rate of $1 per year on payment dates between time zero 

and time t. 

e(t): Present value of a payment at time t equal to t-t* dollar, where t* is the payment date 

immediately preceding time t. 

v(t): Present value of $1 received at time t. 

𝜔: Payments per year made by credit default swap buyer per dollar. 

s: Value of 𝜔 that causes the credit default swap to have a value of zero. 
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Π: The risk-neutral probability of no credit event during the life of the swap:  

Π = 1 −  �𝑝𝑖

𝑛

𝑖=1

 

The other part of the CDS contract, the protection leg, refers to the risk-neutral expected value 

of the reference obligation if a credit event occurs at time t: 

�[1 − 𝑅 − 𝐴(𝑡𝑖)𝑅]
𝑛

𝑖=1

𝑝𝑖𝑣(𝑡𝑖) 

The premium of a CDS (s) is the value of 𝜔 that makes the present value of the premium leg 

equal to the present value of the protection leg: 

𝑠 =
∑ [1 − 𝑅 − 𝐴(𝑡𝑖)𝑅]𝑛
𝑖=1 𝑝𝑖𝑣(𝑡𝑖)

∑ [u(ti) + e(ti)]pi𝑛
𝑖=1 +  𝜋𝑢(𝑇) 

3.3 Decomposing the Risk Premium – Negative CDS Approach 

Since the CDS premium is derived from a risk-neutral probability model, we can utilize the 

information contained in the premium to infer a credit spread in interbank markets. The 

method presented to decompose the risk premium is often referred to as the negative CDS 

basis.  

The credit component in the risk premiums can be derived from the CDS premium by 

following three steps: 

1) The market implied default probability (MIDP) for a 5-year horizon is calculated from 

the no-arbitrage relationship proposed by Gapen et al. (2008): 

 

𝑀𝐼𝐷𝑃 =
1 − exp(−𝑠 ∗ 𝑡)

1 − 𝑅
 

 

where s, R and t denotes the CDS premium, the recovery rate (assumed to be 40 

percent), and the time horizon (which is equal to 5 years), respectively. We have thus 

extracted ∑ 𝑝𝑖𝑛
𝑖=1  from s. 
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2) Since the MIDP indicates the cumulative default probability for a 5-year horizon, we 

must convert it into a 3-month horizon corresponding to the maturity of the interbank 

market rates in our analysis. The annualized 3-month implied default probability 

(IDP3) is derived assuming the probability in each 3-month interval is unchanged 

during the next five years: 

1 − (1 −𝑀𝐼𝐷𝑃)
1
20 = 𝐼𝐷𝑃3 

 

3) By using the method proposed by Manning (2004) and the Bank of England (2007), 

this probability infers a credit spread on a bond with default risk. This credit premium 

must be large enough so that a risk-neutral investor is indifferent to investing in a risk-

free bond (the OIS rate) and a higher risk bank deposit: 

𝐶𝑟𝑒𝑑𝑖𝑡 𝑃𝑟𝑒𝑚𝑖𝑢𝑚 = −
ln�(1 − 𝑅) ∗ exp �−𝐼𝐷𝑃3 ∗ 1

4� + 𝑅�

1
4

 

After extracting a fair spread from the credit default swaps, the residual in the risk premium is 

presumed to be the liquidity premium: 

𝑀𝑜𝑛𝑒𝑦 𝑚𝑎𝑟𝑘𝑒𝑡 𝑟𝑖𝑠𝑘 𝑝𝑟𝑒𝑚𝑖𝑢𝑚 − 𝑐𝑟𝑒𝑑𝑖𝑡 𝑝𝑟𝑒𝑚𝑖𝑢𝑚 = 𝑙𝑖𝑞𝑢𝑖𝑑𝑖𝑡𝑦 𝑝𝑟𝑒𝑚𝑖𝑢𝑚 

3.3.1 Limitations and Assumptions 

As Strömqvist and Soultanaeva (2009) points out, there are several assumptions and 

limitations involved with this methodology. Firstly, the credit and liquidity components are 

not likely to be entirely independent. It is possible that there is a positive correlation between 

the two factors, i.e. liquidity constraints can affect the default risk and vice versa. According 

to the Basel Committee on Banking Supervision (2009), bank solvency and liquidity risk are 

intimately related during financial distress. After the collapse of Lehman Brothers both the 

interbank and credit derivatives markets were, broadly speaking, illiquid with limited trading 

in the instruments. Therefore, the CDS premiums may not truly reflect the likelihood of a 

bank default at the time. 
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In addition, the method also assumes the investors are risk neutral. As stated in McDonald 

(2006): “A risk-neutral investor is indifferent between a sure thing and a risky bet with an 

expected payoff equal to the value of the sure thing”.38

Another point to notice is that we assume the recovery rates to be constant at 40 percent. 

Altman and Kishore (1996) find the recovery rate to vary among markets. In total, even 

though the methodology has potential flaws and limitations, it is widely recognized by 

academics and market participants as a convenient way of decomposing the risk premium into 

a credit and a liquidity component. As a result, we feel confident about applying the method 

in this paper. 

 Compared to a risk-averse investor a 

risk-neutral investor does not require an extra premium for holding a risky asset. This is a 

strong assumption for the closed form pricing of CDS contracts as the true investor is 

believed to be risk-averse.  

3.3.2 An Overview of the Market for Credit Derivatives 

The market for credit derivatives has increased significantly since its introduction in the early 

1990s (McDonald 2006). One reason could be the increasing focus on risk management. This 

is primarily due to higher volatility observed in the capital markets. Credit derivatives are 

today used by banks, institutional investors, hedge funds and other participants in the capital 

market to both hedge and speculate in counterparty risk.  

A credit default swap is a credit derivative that is traded either on a single-name or a multi-

name basis. While the single-name CDS is a contract that refers to a swap on a single 

reference obligation, the multi-name is an index consisting of several underlying reference 

obligations with similar characteristics. The CDS index is a standardized credit security traded 

on an exchange and is accordingly more liquid than the single-name security which is traded 

over the counter (OTC).  

 

 

 

 

                                                 
38 (McDonald, 2006), p. 346 
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Figure 3.3 National Amounts Outstanding and Gross Market values 
The left graph displays the total national amounts outstanding, that is the value of the reference obligations 
insured by CDS contracts from Dec 2004 to Jun 2009. The right graph represents the gross market values for the 
CDS contracts during the same time period. Data is collected by BIS from banks and brokers in the G10 
countries.     

 
Source: Bank for International Settlements (BIS) 

One of the most commonly applied sources for statistics on the credit derivatives market is 

the Bank for International Settlements (BIS). The organization collects data from the major 

banks and brokers in the G10 countries by performing a questionnaire every six months. As 

Figure 3.3 depicts, the notional amounts outstanding, i.e. the value of the reference 

obligations insured, increased in the period December 2004 to June 2009 from 6.4 trillion 

USD to 36 trillion USD. At the same time, the gross market value of the CDS contracts grew 

from 133 billion to 3000 billion dollars. Just before Lehman Brothers collapsed, the notional 

outstanding peaked at an all-time high of 60 trillion dollars between December 2007 and June 

2008. This shows that the market for both single and multi-name credit instruments has 

increased rapidly during the last decade.   

Recently, there has been a debate regarding the regulations on credit derivatives. The buyer of 

a credit default swap does not need to own the underlying asset: it is possible to take a 

“naked” position in the market. Remember that the protection seller must repay the difference 

between the par value and the market value to the buyer should a credit event occur.  Because 

of this, some argue that speculators in credit risk have an incentive to drive up the borrowing 

costs for both commercial banks and governments, making them default. France and Germany 

have therefore called for a ban on “naked” trading of sovereign default swaps.39

                                                 
39 (The Economist, March 10th 2010) 

 Others have 

denied this criticism by claiming that the proportion between the gross market value of the 

CDS contracts and the notional amounts outstanding is too low for this presumption to be a 

fact.  Secondly, CDS and bond prices have tended to move together, rather than one driving 
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the other.40

3.3.3 CDS Indices 

 In addition, the critics argue that a ban on “naked” positions will only make the 

investors charge public companies a higher premium instead. We will not continue this 

discussion further, but nevertheless find it important to show that there is an ongoing debate 

regarding the regulation of the fairly new credit derivatives market.   

The most commonly traded CDS indices in the European and North American market are the 

indices marketed by Markit Group Limited called iTraxx and CDX. The indices are like the 

single-name contracts characterized by the type of underlying bond quality and maturity, but 

also by sector classification and various benchmarks: 

1. Quality: Senior, Subordinated 

2. Maturity: 1, 3, 5, 7, 10 years 

3. Sectors: Financial, non-financial, industrial, consumer, automobile 

4. Benchmark: Europe, US, high volatility, crossover 

Every CDS index is built on a reference portfolio consisting of the most liquid number of 

OTC contracts related to the sector, benchmark, maturity and quality. In the portfolio, each 

reference is equally weighted and is subject to replacement every six months. This means that 

the indices are built up on rolling series. The roll dates are March 20th and September 20th 

each year (Markit). The reference entities are replaced due to continuous market changes and 

risk profiles. A fair-value spread is specified for every new series that is introduced to the 

index.41

                                                 
40 (The Economist, March 11th 2010) 

 According to Fremmen and Poulsen (2009), this spread indicates the interest rate 

payment that is exchanged every quarter by investing in the series.  Similar to a regular CDS 

contract, if a credit event in the reference portfolio should occur, the protection seller must 

pay the buyer the difference between the par value and the market value. However, since this 

is an index contract, the protection seller must only pay the percentage of the number of 

defaulted bonds to the total reference portfolio times the outstanding notional value.  

41 (Modeling Single-name and Multi-name Credit Derivatives, 2008) p.185 
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3.3.3.1 CDX Investment Grade 

The CDX Investment Grade index covers 125 of the most traded CDS contracts in the US 

market in eight different sectors: communications and technology, consumer cyclical, 

consumer stable, energy, financial, industry, materials and utilities. Thirteen major 

international banks define the index (Markit). Ford and GM were formerly a part of the 

portfolio, but were subsequently replaced because the companies no longer met the required 

investment grade (BBB or higher on the S&P scale). The financial sector in the index 

currently consists of 20 companies.42

3.3.3.2 iTraxx Europe Senior Financials 

 

iTraxx Europe Senior Financials is a specialized index, owing to the fact that it covers 25 of 

the most liquid CDS contracts in the financial sector in Europe. The index consists of twelve 

large, international banks. The reference portfolio in Series 12 currently consists of the 

following companies: 

Table 3.1 iTraxx Europe Senior Financial Index 
The table displays the 25 financial institutions that are currently included in the series. 
Short Name Weight Short Name Weight 
AXA 4 % Cr Agricole SA 4 % 
Aegon N.V. 4 % Credit Suisse Gp Ltd 4 % 
Allianz SE 4 % Deutsche Bk AG 4 % 
Assicurazioni Generali S p A 4 % Hannover Ruck AG 4 % 
Aviva plc 4 % Intesa Sanpaolo SpA 4 % 
BNP Paribas 4 % Munich Re 4 % 
Barclays Bk plc 4 % Royal Bk Scotland plc 4 % 
Bca Monte dei Paschi di Siena S p A 4 % Societe Generale 4 % 
Bco Bilbao Vizcaya Argentaria S A 4 % Swiss Reins Co Ltd 4 % 
Bco Espirito Santo S A 4 % UBS AG 4 % 
Bco SANTANDER SA 4 % UniCredit SpA 4 % 
Bk OF SCOTLAND PLC 4 % Zurich Ins Co 4 % 
Commerzbank AG 4 %     

Since our analysis focuses on the interbank market in the US, Euro area and Denmark, we 

will be utilizing the CDX Investment Grade as a credit variable for the US market and the 

iTraxx Europe Senior Financials for the Euro area. We emphasize that the CDX is not the best 

indicator of default risk in the US interbank market. An average of the CDS premiums for the 

USD Libor reporting banks would be the ideal measurement. However, most researchers use 

                                                 
42 Appendix 3.1 
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the CDX index, as it is by far less time consuming and in addition functions as a good proxy 

of credit risk. In a similar paper, Murphy and Murphy (2009) show that the CDX index 

functions as a good measure of credit risk. Therefore, we also employ the CDX index as an 

approximation of credit risk in the US market. 

3.3.3.3 Scandinavian Banks – the Danish Market 

Having established the credit variable for both the US and Euro area, we now need a credit 

variable for the Danish market. As an estimate of the Swedish credit premium, Strömqvist and 

Soultanaeva (2009) take the average CDS premium from four of the largest Stockholm 

Interbank Offered Rate (Stibor) reporting banks: Swedbank, SEB, Nordea and Svenska 

Handelsbanken (SHB). This methodology is consistent with a similar analysis performed by 

Kjærgaard and Skjærbæk (2008) at Denmark’s National Bank. However, CDS premiums are 

not available for all Cibor reporting banks.43

1. Nordea Bank Danmark A/S 

 As a result we will be utilizing CDS premiums 

from two of the largest Danish banks. According to the Danish Financial Authority (2009), 

six out of 132 financial institutions had a Net Working Capital of over 50 billion Danish 

kroner in the first half of 2009. The list is referred to as Group 1 of the top Danish financial 

institutions: 

2. Danske Bank A/S 

3. Jyske Bank A/S 

4. Sydbank A/S 

5. Nykredit Bank A/S 

6. FIH Erhvervsbank A/S 

All of the financial institutions on this list are Cibor reporting banks. As a further indicator of 

the two largest banks in Denmark we will also look at the total deposits, lendings and balance: 

 

 

 

 

                                                 
43 (Denmark’s National Bank, 2008) 
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Table 3.2 Total Deposits, Lendings and Balance for Top Financial Institutions 
The table displays the largest banks in Denmark. The banks have been ranked accordingly after the Net Working 
Capital, deposits, lendings and total balance. The two largest banks in Denmark are Danske Bank A/S and 
Nordea Bank Denmark A/S.  
Bank Net Working Capital Deposits Lendings Balance Rank 
Danske Bank A/S 1 345 613 732 984 1 120 719 2 678 868 1 
Nordea Bank Denmark A/S 312 589 272 832 257 442 662 010 2 
Jyske Bank A/S 151 456 100 572 114 053 237 184 3 
Sydbank A/S 96 201 74 798 82 306 155 774 4 
Nykredit Bank A/S 73 797 46 964 50 218 192 482 5 

FIH Erhvervsbank A/S 64 341 21 195 58 783 111 320 6 
 
Source: Finansrådet (http://www.finansraadet.dk/tal--fakta/statistik-og-tal/de-stoerste-pengeinstitutter.aspx) 
 

Danske Bank and Nordea Bank Denmark are by far the largest banks operating in Denmark at 

the current time. Consequently, the average CDS premium for Danske Bank and Nordea will 

be utilized in the following analysis as an indicator of credit risk in the Danish interbank 

market.  

3.3.3.4 Development in CDS Markets 

Figure 3.3 displays the development in CDS premiums for the US, Euro area and the Danish 

market from January 2007 to January 2010. Clearly, the CDS spreads are following the same 

pattern as the risk premiums. This indicates that the counterpart risk is a factor driving up the 

risk premiums. Prior to the crisis on the 9th of August 2007, the CDS spreads were reasonably 

stable and below 40 basis points for the North American market and around 10 basis points 

for the Euro area and the Danish market. When the crisis first evolved, the spreads doubled in 

the US and Danish market and more than quadrupled in the Euro area. The Danish CDS 

spread remained at relatively low levels during the crisis period. Recently, the Danish CDS 

spread has reached levels close to the Euro area, represented by iTraxx Europe Senior 

Financials.  
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Figure 3.4 International Credit Default Swap (CDS) Spreads 
The graph shows the development in international CDS spreads from January 2007 to January 2010 for the US, 
Euro area and Denmark. The US market is represented by CDX North American Investment Grade, the Euro 
area iTraxx Europe Senior Financials.  

 

The US market, represented by the CDX, had the highest spread during the crisis period with 

an average of 133 basis points and an all-time high of 279 basis points in December 2009. 

Due to the collapse and nationalization of Northern Rock Bank on the 22nd of February 2008, 

the spreads in the Euro area increased significantly in late February 2008. This sent the 

spreads up to a level above 150 basis points. The largest increase in the CDS spreads 

occurred, nevertheless, when the investment bank Lehman Brothers filed for bankruptcy 

protection (Chapter 11, US Code) on the 15th of September 2008.  This incident sent 

shockwaves through the financial markets and caused the CDS spreads to jump to all-time 

high levels. When the markets opened on the 16th of September 2008 the CDX, iTraxx 

Financials and average CDS spreads in Denmark rose by 43, 19 and 15 basis points, 

respectively.  
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Table 3.3 International CDS Spreads 
Panel A of the table shows descriptive statistics for international CDS spreads for Denmark (average CDS 
premia), Euro area (iTraxx Senior Financials) and the US (CDX IG 5Y). Panel B shows descriptive statistics for 
two of the largest banks in Denmark. 
  Denmark Euro area US 
Panel A: International CDS spreads       
Pre-crisis period (Jan 07 - 8. Aug 07)       
Mean 7.49 10.85 38.68 
Std 3.59 8.43 10.65 
Min 5.00 6.95 29.03 
Max 23.50 49.52 80.92 
Crisis period (9. Aug 07 – Jan 10)       
Mean 79.56 92.66 133.08 
Std 39.77 36.01 51.89 
Min 13.50 20.42 45.47 
Max 175.50 207.43 279.31 

    
 

Danske Bank Nordea 
Panel B: CDS Nordic Banks       
Pre-crisis period (Jan 07 - 8. Aug 07)       
Mean 4.80   10.17 
Std 2.13   5.09 
Min 3.00   7.00 
Max 14.00   33.00 
Crisis period (9. Aug 07 - Jan 10)       
Mean 83.51   75.62 
Std 48.26   34.19 
Min 8.00   19.00 
Max 178.50   172.50 
 

The descriptive statistics indicate that there has been a shift in risk profile for the two Danish 

banks. Prior to the crisis period, CDS contracts on Danske Bank were traded at lower and less 

volatile levels than Nordea. The opposite is true for the crisis period. The 5 year senior CDS 

contract on Nordea was traded at a lower level than the rest of the European market, while 

Danske Bank traded at a higher and more volatile level.  

After exhibiting elevated CDS spreads as a consequence of more perceived counterparty risk, 

the general trend is now descending. From the start of 2010 and onwards, the CDS spreads 

have stabilized at 80-100 basis points.  
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3.4 Results of Decomposition 

This section presents the results from the decomposition of the risk premium for the US, Euro 

area and Danish short-term interbank market. The methodology and consequent breakdown of 

the risk premium is similar to the analysis performed by Bank of England (BoE) and the 

International Monetary Fund (IMF). It gives an indicative description of the two key factors 

influencing the risk premiums in interbank markets: credit and liquidity risk. Again, we stress 

the fact that this decomposition is only indicative as it relies on a number of assumptions. 

3.4.1 Indicative Decomposition of the US Market 

Prior to the financial crisis, the credit component was the key driver of the spread between 

secured and unsecured short-term interest rates between prime banks in the US market. The 

average credit premium in this period was 6.74 basis points, while the liquidity premium had 

an average of 1.58 basis points. The average risk premium was therefore around 8 basis 

points. The standard deviation in the factors was in the same time period at 1.83 for the credit 

premium and 0.97 for the liquidity premium. The factors were accordingly, as the graph also 

depicts, relatively stable in the period before August 2007.   

Figure 3.5 Indicative Decomposition of the US Risk Premium 
The graph illustrates the indicative decomposition of the US short-term risk premium during the period January 
2007 to January 2010. 2006 is left out as it does not provide any additional information. 
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In the crisis period the mean increased to 21.88 basis points for the credit premium and 53.32 

for the liquidity premium. The standard deviation was at 8.17 and 55.39, respectively. 

Although the credit premium rose somewhat in August 2007, the largest increase in the risk 

premium came from the liquidity component. In fact, according to Bank of England (2007), 

the credit component was initially not a determinant of Libor. The credit component later 

became a key factor in the risk premiums. Figure 3.4 shows that the credit component 

increased significantly during the Bear Sterns event in March 2008. Approximately 50 percent 

of the risk premium in March 2008 was contributed by counterparty risk. Although the credit-

to-overall risk ratio fell in the months between March 2008 and September 2008, it was 

relatively stable at 30 percent. This ratio later fell to less than 10 percent due to the collapse of 

Lehman Brothers on the 15th of September. The US risk premium peaked at 363 basis points 

on the 10th of October 2008. 

Figure 3.6 Peak Analysis of the US Risk Premium 
The graph shows the development in liquidity premium (yellow) and credit premium (blue) before and after the 
collapse of Lehman Brothers. It indicates that the key driver in the US risk premium between September and 
October 2008 was the liquidity risk.  

 

The main factor driving the US risk premium during September and October 2008 was the 

liquidity risk. Interestingly, it was in the weeks after the Lehman incident that the risk 

premium really widened. This illustrates how the chain reactions of events in financial 

markets affected the spread. The same analysis on the Euro area and the Danish market is 

placed in Appendix 3.3. We find similar results for these markets. As discussed earlier, 
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financial markets in the second half of 2008 were to a large degree illiquid. Trading in 

financial instruments and interbank lending almost ceased to exist due to liquidity hoarding.  

As a direct result of the flight-to-safety, the gap between unsecured and secured interest rates 

increased significantly. Libor reporting banks became reluctant to lend to other prime banks, 

and if they were willing to lend, it was at a rate much higher than the fixed OIS. In the graph, 

this is represented by the tremendous increase in liquidity premium. Simultaneously, the 

counterparty risk, represented by the credit premium, increased only by a smaller amount – 

from around 25 basis points to 35 basis points in the same period. 

The increasing risk premium forced the Federal Reserve to initiate liquidity funding 

programs. This was primarily done through the Term Auction Facility (TAF) program, and 

according to In et al. (2008), its main purpose was to provide loans at a lower rate than the 

primary lending rate available at the time. Therefore, the TAF was used to decrease the 

liquidity and not the credit component in the risk premiums. The facility was introduced for 

the first time on the 12th of December 2008. As Figure 3.6 shows, the liquidity premium 

decreased dramatically in the period between November 2008 and January 2010. 

Consequently, the question many researchers have asked is: did the TAF program 

significantly decrease the risk premium in short-term interbank market rates?  

Again by inspecting the graph, it is clearly visible that the liquidity premium after May 2009 

is no longer the major component in the US risk premium. As of the 31st of January 2010, the 

stress indicator for the US interbank market consists almost entirely of counterparty risk. 

Strömqvist and Soultanaeva (2009) conclude that this indicates that the crisis developed from 

an initial liquidity crisis to a more credit risk driven crisis, affecting the general economy.  

3.4.2 Indicative Decomposition of the Euro area Market 

Similarly to the US market, the spread between secured and unsecured lending in the Euro 

area interbank market was stable at 5 basis points in the period prior to the crisis period. 

Contrary to the US market, however, liquidity risk was the primary factor driving the risk 

premium in the Euro area in the pre-crisis period. One explanation could be that the iTraxx 

financial index represents only European financial institutions, while the CDX accounts for 

several industries in the US. The average credit premium in this period was 1.88 basis points, 

while the liquidity premium had an average of 3.53 basis points. The standard deviation in the 
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factors was in the same time period at 1.45 for the credit premium and 1.19 for the liquidity 

premium. 

Figure 3.7 Indicative Decomposition of the Euro area Risk Premium 
The graph illustrates the indicative decomposition of the short-term risk premium in the Euro area during the 
period January 2007 to January 2010. 2006 is left out as it does not provide any additional information. 
 

 

In the crisis period the mean increased to 15.50 basis points for the credit premium and 53.85 

for the liquidity premium. The standard deviation was at 5.84 and 34.87, respectively. The 

crisis period was initiated with an increase in the credit premium and then followed by an 

immediate increase in the liquidity premium. Leading up to the nationalization of Northern 

Rock and rescue of Bear Sterns in February/March 2008, the credit-to-overall risk ratio in the 

Euro area rose to roughly 50 percent. This is the same ratio as in the US.  

The Euro area interbank market has similarly to the US market experienced major shifts 

between the second quarter of 2008 and 2009. According to the ECB (2009), the turnover in 

the unsecured interbank market in Europe decreased by 25 percent during this period. The 

European Central Bank ascribes this to an increase counterparty risk in the aftermath of 

Lehman Brothers’ default. In this period several banks reported a shift from unsecured to 

secured transactions. On the other hand, the large liquidity provision provided by the ECB 

through Longer-Term Refinancing Operations (LTRO), a similar facility to the TAF, could 

also have contributed to a lower turnover in the interbank market. 
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3.4.3 Indicative Decomposition of the Danish Market 

As for the Euro area, we derive similar findings for the Danish short-term interbank market. 

The pre-crisis period is characterized by stable levels in the risk premium with an average of 5 

basis points. The average credit premium in the pre-crisis period was 1.30 basis points, while 

the liquidity premium had an average of 3.80 basis points. The standard deviation in the 

factors was during the same time period at 0.62 for the credit premium and at 1.02 for the 

liquidity premium. The perceived risk involved in unsecured interbank transactions, expressed 

by the risk premium, seems therefore to be non-existing in the pre-crisis period in both the 

Euro area and the Danish market.  

Figure 3.8 Indicative Decomposition of the Danish Risk Premium 
The graph illustrates the indicative decomposition of the Danish short-term risk premium during the period 
January 2007 to January 2010. 2006 is left out as it does not provide any additional information. 
 

 

In the crisis period, the mean increased to 13.40 basis points for the credit premium and 68.08 

for the liquidity premium. The standard deviation was at 6.56 and 34.83, respectively. As a 

result, the increase in risk is a combination of an increase in both the mean and the volatility 

of the spread. Interestingly, the risk premium stemming from the credit component has been 

fairly low in the Danish market compared to the US and the overall Euro area. Thus there 

seems to be a greater component of liquidity risk in the Danish market. Furthermore, ever 

since the beginning of 2009 the liquidity premium has been higher in the Danish market than 

in the other markets. In fact, it has on average been 34 basis points more than the Euro area 
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and 65 basis points higher than the US market during January 2009 and January 2010. 

Compared to the Euro area, this implies a higher uncertainty between banks in the Danish 

market. Denmark’s National Bank (2008) writes that this kind of uncertainty is reflected in 

higher-than-normal dispersion in the interest rates reported by Cibor reporting banks. We 

therefore devote the next section to an analysis of the dispersion among Cibor offerers.  

3.5 Dispersion among Cibor Reporting Banks 

According to Coffey et al. (2009), dispersion shows to what extent some banks report greater 

borrowing costs. The dispersion among Cibor offerers can be evaluated in a maximum and 

minimum rate analysis. Although it is tempting to only look at the dispersion between the 

highest and the lowest rates, it is far more important to inspect the difference between the 

rates that are included in the Cibor fixing. According to Denmark’s National Bank, when 

there are twelve or more Cibor offerers the three highest and the three lowest rates will be 

omitted prior to fixing. If there are eleven or fewer offerers, the Central Bank will omit the 

two highest and the two lowest rates. Similarly, if there are fewer than eight Cibor offerers, it 

will omit the highest and lowest rates. In other words, since banks can systematically report 

higher or lower rates, a simple max-min analysis may produce falsified estimates of the 

dispersion in the Cibor. In our sample we have a range of eight to twelve Cibor offeres. To 

measure the dispersion among banks included in the fixing we utilize a min-max analysis of 

the interquartile of the reported rates.44

Denmark’s National Bank (2008) notes that the average dispersion among Cibor reporting 

banks has been approximately 5 basis points in the years prior to the crisis period. The 

analysis uses the difference between the highest and the lowest reported Cibor rates. An 

analysis performed by Michaud and Upper (2008) suggests an average interquartile dispersion 

of 2 basis points for Euribor and US Libor in the years prior to the crisis. We therefore expect 

that the average dispersion among the Cibor interquartile in the pre-crisis period is below 5 

basis points. Consequently, we interpret this as the normal dispersion in Cibor rates. 

 In other words, we measure the distance between the 

75th percentile and the 25th percentile. We then compare the dispersion among the 

interquartile against the dispersion in the whole set of reportings.  

 

                                                 
44 In total 518 daily Cibor fixings from the period January 2008 – January 2010 are utilized in the analysis. The 
data is gathered from Finansrådet: http:/www.finansraadet.dk/tal--fakta/satser/cibor/historiske-satser.aspx 

http://www.finansraadet.dk/tal--fakta/satser/cibor/historiske-satser.aspx�
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Figure 3.9 Dispersion among Cibor Reporting Banks 
The graph depicts the dispersion among Cibor reporting banks from January 2008 and January 2010. The dark 
blue diagram represents the average monthly difference (in basis points) between the maximum and the 
minimum of the reported rates. The light blue diagram represents the average monthly difference (in basis 
points) between the 75th and 25th percentile (interquartile). As a point of reference we have included the average 
monthly Danish risk premium (yellow) in the chart.   

 

The period leading up to the Lehman incident is relatively stable with regards to the 

interquartile dispersion. The effect from the Northern Rock Bank collapse and Bear Sterns 

rescue in March 2008 is only visible when looking at the difference between the highest and 

the lowest offerings. Evidently, since these outliers are omitted the Cibor fixing is not affected 

by more-than-normal dispersion in this period.  

The dispersion in Cibor fixings is noticeable in the aftermath of Lehman. The increase in the 

Danish risk premium is followed by a rise in the dispersion. Although the risk premium peaks 

in November 2008, the dispersion increases in degree in the following months, as indicated by 

both the max-min and the interquartile range. Noticeably, it is in this period that the Danish 

risk premium is higher than the Euro area and the US. Thus, the higher premium may come as 

a result of riskier lenders remaining in the Danish market while a majority of safer ones are 

leaving. The effect is that the risk premium elevates due to the increased dispersion. On the 

one hand, this may imply an adverse selection problem in the Danish interbank market during 

the first half of 2009. On the other hand, although there may be a connection between a higher 

risk premium in the Danish market and a higher dispersion in Cibor fixings, the linkage is not 

as clear when looking at the period between September 2009 and January 2010. In this period 
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the dispersion is back to normal while the risk premium remains at a stable level above the 

Euro area. As a result, it is more likely that the higher risk premium in Denmark is a result of 

other market conditions than dispersion between Cibor reporting banks. In Part 5 we therefore 

propose deviations from Covered Interest Parity (CIP) as a possible explaining factor. 
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Part 4: Spillover Effects in the Interbank Market 

In this part we assess whether the Danish interbank market was affected by market tensions 

stemming from the US and the Euro area during the recent financial crisis. Using the results 

from the decomposition of the risk premiums, we take the analysis further and examine how 

the development in the Danish risk premium relates to the risk premium in the Euro area and 

the US. The part starts with a brief introduction of the role of systematic risk in the interbank 

market, and moreover, the transition from the pre-crisis to the crisis period. The remaining 

pages we devote to examine spillover effects between the markets.  

4.1 The Role of Systematic Risk  

In finance we define systematic risk as the portion of risk that cannot be eliminated through 

diversification. The idea with diversification effects is often illustrated as in Figure 4.1, where 

the total portfolio risk equals the systematic (market) risk when holding a diversified 

portfolio. Implicitly we thus assume it is possible to remove the unsystematic risk by 

increasing the number of assets in the portfolio.  

Figure 4.1 Illustration of Diversification Effects 
The figure shows how the total portfolio risk is reduced through diversification. When holding a sufficient 
number of assets, the total risk equals the systematic (market) risk. 

 

The role of systematic risk in financial crisis is and has been of large interest to academics. 

One of the more established theories evolved from this research is that the systematic risk 

increases in periods associated with financial turmoil. Baig and Goldfajn (1998) were among 

the first to draw attention to this matter in a paper on the Asian crisis, while Abbassi and 

Schnabel (2009) found similar results in an analysis of the recent subprime crisis. 
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If the theory of increasing systematic risk holds, financial markets should move closer 

together in periods associated with uncertainty and high volatility. Simply put, an investor 

holding a diversified portfolio (e.g. the market portfolio) in a financial downturn will lose 

more than anticipated due to increasing co-movements in the underlying positions. An 

unknown J.P. Morgan Chase executive made a descriptive comment to this finding in relation 

to risk management during the recent financial crisis: 

“In normal times, risk models such as Value at Risk work as they should. In bad times, when 

they are most needed, they are worthless”45

4.2 Cross-Market Correlations 

 

To examine whether the Danish market was affected by increasing global market risk during 

the crisis period, we start by estimating the cross-market correlation between the risk 

premiums. Correlation coefficients are a straightforward measurement used to analyze the 

degree of co-movements between two variables:  

𝜌12 =
𝜎12

𝜎1 × 𝜎2
 

Where 𝜎12 and 𝜎𝑖 are standard estimates of covariance and standard deviation, respectively. 

We will interpret increasing correlations from the pre-crisis to the crisis period as an 

indication of higher systematic risk in the interbank market.  

 

 

 

 

                                                 
45 Although this is a rather strong statement, it reflects the breakdown of many risk management models 
during the subprime crisis. In defense of such models, one usually assumes stable market conditions and 
normally distributed returns. See for example Jorion (2007).    
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Table 4.1 Cross-Market Correlations 
The table displays the possible combinations of Pearson correlation coefficient between the three risk premiums. 
The significance of the computed correlation coefficient (r) is tested with the null hypothesis of r = 0 and t-
statistics from:  

𝑡 = �
𝑟 × �(𝑛 − 2)

�(1 − 𝑟2)
� 

As earlier, three stars (***) represents a coefficient significant at a 1% significance level. 

Correlations 
                     Pre-crisis period (01.01.2006 – 08.08.2007) 
  Denmark Euro area US 

Denmark 1     
Euro area 0.007 1   

US 0.230*** 0.254*** 1 
                    Crisis period (09.08.2007 – 31.01.2010) 

Denmark 1     
Euro area 0.804*** 1   

US 0.658*** 0.913*** 1 

In the pre-crisis period the correlation between the risk premiums is low. For instance, the 

correlation between the risk premium in Denmark and the Euro area is approximately zero. At 

first glance this may appear strange considering that auxiliary calculations of correlation 

between Cibor/Euribor and Cita/Eonia are found to be close to 1.46 To understand the low 

correlation we depict the development between the two risk premiums in Figure 4.2. Clearly, 

the Danish risk premium is moving towards the Euro area level. It is therefore natural that the 

correlation is low since the Danish risk premium is increasing while the Euro area is relatively 

stable. However, note that these movements are very small, ranging from two to six basis 

points on an annual basis. In magnitude, this is an insignificant change for the interest rates 

but a significant one for the risk premiums. As a comparison, the Cibor rate increased from 

2.5 to 4.5 percentage points during the same period, equivalent to 200 basis points. Hence, the 

risk premiums have a low correlation solely due to the insignificant difference in size, while 

the interest rates that define these risk premiums exhibit a high correlation.47

 

 

 

                                                 
46 Estimates of these correlation coefficients are found in Appendix 4.1. 
47 While the unsecured and secured interest rates tend to follow each other in this period, the Danish risk 
premium increased in comparison to their European counterpart. Although this is a significant increase for the 
risk premium, similar increases in the unsecured or secured rates produce an effect close to zero.  
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Figure 4.2 Development in Interbank Rates for Denmark and the Euro area  
The figure displays the unsecured and secured interest rates on the primary (left) vertical axis. On the secondary 
(right) vertical axis, the risk premiums are measured in basis points.  

 

Our findings from the crisis period are more interesting. Here there are significant jumps in all 

cross-market correlations, from the interval 0 - 0.2 during the pre-crisis to 0.6 - 0.9 during the 

crisis period. This supports the theory of increasing systematic risk in periods of financial 

turmoil. That international risk premiums fluctuated in conjunction during the crisis period is 

illustrated in Figure 4.3., which displays the 3-month rolling correlation between the Danish 

risk premium and the risk premium in the Euro area and the US, respectively.  
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Figure 4.3 3-Month Rolling Cross-Market Correlations 
The figure depicts the correlation between the Danish risk premium and the two other risk premiums: the Euro 
area (blue) and the US (red). The correlations are estimated using a 3-month rolling window. 

 

The figure indicates a trend of increasing correlations from the start of the crisis in August 

2007. The trend continues during most of the crisis period, although some fluctuations exist. 

These fluctuations appear to be generated by shorter periods of negative cross-market 

correlations. Especially the DK/US relationship exhibit a period in 2008 of negative 

correlation that is worth some further investigation. 

At least two explanations for the negative correlation exist. Firstly, events occurring in the US 

tend to affect the Danish market the following day due to the time difference between the two 

markets. During periods of high volatility, this lag effect will result in shorter periods of 

negative 3-month rolling correlations. An example is the Lehman Brothers bankruptcy in 

September 2008. As the event unfolded in the US market, consequences and reactions in the 

Danish market did not appear before the day after.48

                                                 
48 We find similar results for the correlation between the Euro area and the US. As the focus lies on the Danish 
market, these results are placed in Appendix 4.2. 

 The rolling correlation for this period 

was approximately -0.75. Apparently, most of the negative correlation appears in the last half 

of 2008 and the first quarter of 2009. In this period, the US risk premium was either much 

higher (second half of 2008) or considerable lower (first quarter of 2009) than the Danish risk 
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premium. The negative correlation simply reflects the relative increase/decrease and volatility 

in the US market in comparison to the Danish market. 

Although some periods of negative correlation exists, the general picture is that the cross-

market correlation increases from the pre-crisis to the crisis period. The question is, however, 

if these results adequately answer our hypothesis emanated from the research question: Did 

the systematic risk in interbank markets increase during the crisis? 

To assess this, we must consider what an increasing cross-market correlation actually reflects. 

Unfortunately, the answer is not as straightforward as we may have hoped. It appears that 

research on systematic risk and spillover effects utilizing cross-market correlations has 

produced a diverse set of opinions. In early studies on the stock market, increasing cross-

market correlation was used to identify spillover effects.49

If one is to use cross-market correlations to identify spillover effects, we must first separate it 

from interdependence. In general, if two markets historically have been highly correlated, and 

this correlation continues during a period of financial turmoil, it reflects real linkage between 

the markets. This we refer to as interdependence. On the other hand, if the cross-market 

correlation increases significantly from the pre-turmoil period to the crisis period, it represents 

spillover effects. Consequently, spillover effects imply that the cross-market correlations are 

fundamentally different after a shock to the market, while interdependence implies no 

significant change in the cross-market relationship.  

 Forbes and Rigobon (1999) define 

spillover effects as a significant increase in the cross-market correlation during a period of 

turmoil.  

Why is it important to separate spillover effects from interdependence? Utilizing modern 

portfolio theory, we know that investing internationally should reduce risk and increase 

expected return. If spillover effects are present, market correlations will increase when the 

economy is in a bad state. This undermines much of the idea behind diversification. 

Furthermore, for international institutions and policy makers, identifying spillover effects can 

prevent a possible financial crisis from occurring. Forbes and Rigobon (1999) provide an 

illustration: Let us assume a world with two economies, one strong economy and one weak. A 

negative shock to the weaker economy can have an impact on the financial flows to the 

stronger economy, even if there is little real connection between the two economies. This 
                                                 
49 Research by Lee and Kim (1993) & Calvo and Reinhart (1996) confirm spillover effects in stock markets 
utilizing cross-market correlations. 
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effect is due to spillover effects, i.e. increasing cross-market correlation transfers the negative 

shock to the other market. In total, it can lead to a financial crisis in both countries. For 

stabilization funds such as the IMF, it is therefore important to identify these possible 

spillover effects and intervene accordingly.  

The use of cross-market correlations to identify spillover effects was seriously questioned a 

few years after it was introduced. Utilizing stock market data from the 1987 US stock market 

crash, the Mexican peso crisis in 1994 and the Asian crisis in 1997, Forbes and Rigobon 

(1999) claim that the standard cross-market correlations are biased and therefore inaccurate. 

Their argument is that correlations are conditional on market volatility. Consequently, 

estimated correlation coefficients will be higher than their true value in periods of financial 

turmoil and high volatility. When adjusting the correlation coefficients to correct for the 

heteroscedasticity, the authors find no signs of spillover effects, only interdependence. Today 

there is no consensus on whether these adjusted correlation coefficients are correct or not.50

“These results indicate that the time series behavior of returns needs to be more thoroughly 

studied prior to investigate the spillover effects of financial crisis with correlation 

coefficients.” 

 

This view is nicely summarized in a paper from Yoon (2005). After showing that 

heteroscedasticity can cause the correlations to be both upward and downward biased, the 

author concludes:  

51

Our estimated cross-market correlations from the crisis period clearly signal higher systematic 

risk in the market. From the pre-crisis to the crisis period, the correlation between the risk 

premiums in Denmark and the Euro area increase from 0 to 0.8 and between Denmark and the 

US from 0.23 to 0.66. Consequently, it is reasonable to conclude that Denmark was exposed 

to higher global market risk after the summer of 2007. However, it is hard to justify these 

results as indicators of spillover effects. It is in general difficult to distinguish spillover effects 

from interdependence.  

 

The analysis is further obscured by the inherent properties of the cross-market correlations, 

which may produce biased estimates. In addition, the correlation analysis says little of either 
                                                 
50 Numerous papers on this topic exist. The methodology proposed by Forbes and Rigobon (1999) is severely 
criticized for employing unrealistic restrictions and assumptions, see for example by Corsetti et al. (2005).    
51 (Yoon, 2005), p. 1 
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the key drivers in the risk premiums or the causal relationship between different interbank 

markets. As a result, it is necessary to apply methods that are more sophisticated in order to 

analyze the relationships among interbank markets. In the following sections we therefore 

introduce concepts such as Principal Component Analysis (PCA), Vector Autoregressive 

Models (VAR) and associated techniques such as Granger Causality and Impulse Response 

Functions (IRF). These techniques will yield a more profound understanding of the role of 

systematic risk and spillover effects in periods of financial turmoil.  

4.3 Principal Component Analysis (PCA) 

The previous section on correlation coefficients revealed that the risk premiums moved in 

conjunction during the crisis period. Furthermore, we discussed how these correlations could 

be interpreted as signs of increasing systematic risk in financial markets. The coefficients, 

however, provides little information on the key drivers of these movements. In this section we 

analyze the patterns in movements across the risk premiums. Moreover, we aim to study 

whether these movements take place on the basis of a general trend or by regional effects. 

With this in mind, we adopt a research method called Principal Component Analysis (PCA). 

4.3.1 Theory 

According to Campbell et al. (1997), Principal Component Analysis is a way of identifying 

patterns in the data. The main objective is to utilize patterns in order to reduce the number of 

dimensions, which is equal to the number of variables under study. By extracting fewer 

dimensions from the patterns, it is possible to highlight similarities and differences in the 

dataset without losing too much information concerning the variance. This is possible by 

applying a mathematical procedure that transforms several correlated variables into a number 

of uncorrelated variables. The uncorrelated variables are called principal components. As a 

result, the principal component analysis produces independent components that capture co-

movements or variations in the risk premiums. 

The first principal component (𝑌𝑡) is given by the linear combination of the variables    

  𝑋1 + 𝑋2 + ⋯+ 𝑋𝑝. 

𝑌1 = 𝑎11𝑋1 + 𝑎12𝑋2 + ⋯+ 𝑎1𝑝𝑋𝑝 
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Or in matrix notation 

𝑌1 = 𝑎1𝑇𝑋 

The weights 𝑎11,𝑎12, 𝑎1𝑝 of the first principal component are set to account for as much of the 

variance in the data as possible. Since one could make the variance of the first component as 

large as possible by choosing large values for the weights, the weights are calculated with the 

constraint that they sum to unity: 

𝑎112 + 𝑎122 + … + 𝑎1𝑝2 = 1 

The second principal component is set to account for the next highest variance under the 

condition that it is uncorrelated with the first principal component: 

𝑌2 = 𝑎21𝑋1 + 𝑎22𝑋2 + ⋯+ 𝑎2𝑝𝑋𝑝 

The number of principal components is equal to the number of variables. In our analysis the 

variables are the risk premium in the Danish, Euro area and the US market. Accordingly, 

there can only be three principal components. The third and last component in our analysis is 

calculated in the same manner as the second, with the condition that it is uncorrelated with 

both the first and second principal component, and accounts for the last part of the total 

variance in the data. The sum of variance in these three components equals the total sum of 

the variance in the variables. This implies that the original data variability is explained and 

accounted for by the principal components: 

𝑌 = 𝐴𝑋 

The rows of matrix A represent the eigenvectors of the correlation matrix of the original data. 

The elements of an eigenvector are the weights discussed above. These are also known as 

loadings and should be interpreted as the correlation between the variables and the principal 

component. Eigenvalues are the elements in the diagonal of the correlation matrix of the 

principal components. The variance explained by each principal component is derived from 

eigenvalues.  Due to the constraint that the squared loadings sum to unity, the eigenvalues 

should by definition, decrease from the first to the last component calculated.  
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Common patterns such as general market trends will lead to high eigenvalues and explained 

variance for the first principal component. Common patterns are characterized by positive 

loadings on the first principal component for all variables. Since we are analyzing market 

specific variables, the PCA analysis may also reveal regional patterns. Due to the fixed 

DK/Euro exchange rate, we expect the Danish interbank market to be more connected to the 

Euro area than to the US during the pre-crisis period. Contrary to common patterns, regional 

patterns are often associated with two or more variables that have high loadings on one 

component, and at the same time, exhibit low loadings on another component. If our 

hypothesis holds, the PCA will reveal that the US market is correlated with its own principal 

component during the pre-crisis period while the Euro area and Denmark are more correlated 

with a regional specific component. This regional component is deduced as a European 

market specific component.  

Moreover, the PCA highlights similarities and differences in the risk premiums. Earlier in this 

thesis we showed how the risk premiums move in conjunction during the crisis period. The 

correlation coefficients do not, however, reveal whether these movements take place on the 

basis of common or regional specific effects. A change from regional specific effects to 

common effects indicates that the systematic market risk increases. For the crisis period, 

where we find increasing systematic risk, we therefore expect the movements to follow a 

common pattern.  

Some assumptions are made in Principal Component Analysis as the technique utilizes 

Pearson Correlations. Similar to the OLS procedure, it is assumed that the observed data is a 

set of linear combinations. Moreover, the combinations define patterns, which again can be 

used to express the original variables as principal components. Secondly, the variables should 

be independent. As we have discussed earlier, the presence of heteroscedasticity in the risk 

premiums may produce biased correlation coefficients. Finally, the variables under study are 

evaluated on an equal footing. As a result, variables with larger variances are assumed to have 

more important dynamics. Variables in a PCA must therefore be comparable to each other. 

This should not be a problem in our analysis as the risk premiums are related to the difference 

between unsecured and secured rates. Nevertheless, because of these assumptions, the results 

from the analysis should be interpreted with some caution.  
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4.3.2 Results from the Principal Component Analysis 

The main objective of a PCA is to reduce the number of dimensions in the data without losing 

too much information. It is therefore vital to select the most important principal components. 

For this purpose there exist a number of selection criteria. The one which is most used in PCA 

analysis is proposed by Kaiser (1960). Kaiser’s approach is to retain components with 

eigenvalues greater or equal to 1. In other words, unless a principal component explains at 

least as much of the variability as the original variable, it is not useful in explaining 

differences.   

4.3.2.1 PCA Results - Pre-Crisis Period 

The eigenvalues for the pre-crisis period indicate that there exist two principal components 

with values greater or equal to 1. The third component is less than 1 and is therefore omitted 

from the analysis. While the first component accounts for 45 percent of the variability in the 

risk premiums, the second component account for 33 percent. The two components in total 

account for 78 percent of the variance. The fact that there are two components implies that we 

are dealing with two specific patterns in the risk premiums which are not correlated with each 

other. As a consequence, regional specific effects can be present in the pre-crisis period. 

Figure 4.4 Eigenvalues – Pre-crisis 
The graph shows the eigenvalues for the three principal components extracted from the risk premiums in the US, 
Euro area and Denmark during the pre-crisis period. The eigenvalue for each principal component should be 
greater or equal to 1 in order to satisfy Kaiser’s (1960) criterion for principal components. For the pre-crisis 
period we retain two principal components. 

 

To analyze this further, we look at the variable loadings on the principal components. The US 

risk premium has a loading of 0.70 on the first component and none on the second. In other 

words, the US variable is only correlated with the first principal component. Although the 

Danish and the Euro area have positive loadings on the first component, the highest loadings 
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for these variables are on the second component. In accordance with Riksbanken (2009), we 

therefore interpret the first component to be a US specific component (PC 1) and the second 

to be a European component (PC 2).  

Figure 4.5 Risk Premiums and Principal Component Scores 
The graph shows the development in the risk premiums for the Danish and Euro area market (left axis) during 
the pre-crisis period. The corresponding scores (values) for the second principal components are reported on the 
right axis. Clearly, PC 2 has to compensate for the increased variance in the Danish risk premiums during the 
second half of 2006. 

 

As the previous section on correlation coefficients revealed, the correlation between the 

Danish and Euro area risk premium is zero in the pre-crisis period. Interestingly, the risk 

premium in the Euro area has a negative loading on the European component (PC 2). The 

second component is set to account for as much variance as possible without correlating with 

the first component. For this reason, the loadings are calibrated to account for as much of the 

variance in the Danish as for the Euro area risk premiums. Again, in the second half of 2006 

the variance in the Danish risk premium increased to levels comparable to the Euro area. As a 

result, the loading from the Euro area on the second component has to compensate for this 

variance. This explains why the Euro area loading is negative. Further illustration is available 

in Figure 4.5. 
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Table 4.2 Principal Component Analysis 
The table shows the Principal Component Analysis (PCA) performed for the pre-crisis and crisis period. It 
reveals that there exist two components in the pre-crisis and one common factor in the crisis period. 

Principal Component Analysis 
Pre-crisis period (Jan 06 - 8. Aug 07)       
Principal Component Proportion Eigenvalue   
PC 1 0.45 1.3   
PC 2 0.33 1.0   

    Loadings: Denmark Euro area US 
PC 1 0.48 0.53 0.70 
PC2 0.74 -0.67 0.00 
Crisis period (9. Aug 07 - Jan 10)       
Principal Component Proportion Eigenvalue   
PC 1 0.86 2.6   
PC 2 0.12 0.4   

    Loadings: Denmark Euro area US 
PC 1 0.55 0.61 0.58 
PC 2 0.79 -0.16 -0.59 

    

4.3.2.2 PCA Results - Crisis Period 

The eigenvalues for the crisis period reveal that there is only one component with a value 

greater or equal to 1. As a result, we disregard the second and third component. Furthermore, 

we find the first component to account for 86 percent of the total variability in the risk 

premiums. Accordingly, the first component reflects the systematic risk. 

Figure 4.6 Eigenvalues – Crisis 
The graph shows the eigenvalues for the three principal components extracted from the risk premiums in the US, 
Euro area and Denmark during the crisis period. The eigenvalue for each principal component should be greater 
or equal to 1 in order to satisfy Kaiser’s (1960) criterion for principal components. For the crisis period we retain 
only one principal component, indicating a common pattern in the risk premiums. 
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The loadings on the first principal component are positive and around 0.55 to 0.6 for all 

markets. Furthermore, the component explains 95.6, 85.9 and 77.3 percent of the variance in 

the risk premiums for the Euro area, the US and the Danish market, respectively.52

4.4 Vector Autoregression (VAR) Models 

 These 

numbers are important as they quantify the proportion of systematic risk contained in the risk 

premiums.   Consequently, it is safe to say that the risk premiums follow a common pattern in 

the crisis period. The transition from a regional specific to a common pattern signifies a trend 

of increasing systematic risk in interbank markets during the crisis. 

The previous sections confirm that the correlation between the risk premiums increases from 

the pre-crisis to the crisis period. Furthermore, the PCA analysis indicates that a general 

market trend exists during the crisis period. The change from regional to common patterns 

leads us to conclude that the systematic risk increases during the financial turmoil. We now 

want to determine where these common components come from. Therefore, the following 

sections investigate the causal relationship between the markets. An analysis of causality 

rather than simple co-movements in the risk premiums allows us to examine if spillover 

effects from the US or the Euro area generated elevating Danish risk premiums.  

This relates to our earlier discussion in Section 4.2 of spillover effects versus 

interdependence. We separate the two terms with the following: Evidence of spillover effects 

are present if the risk premiums in the US and the Euro area functions as a good forecast for 

the development in the Danish risk premium. Imagine an event unfolding in the US. As the 

US risk premium increases, the development will eventually hit the Danish market in a 

similar manner. An example of such causality is a funding shock occurring in the US.53

                                                 
52 The regression: 𝑌𝑡 = 𝛼0 + 𝛽1𝑃𝐶1 + 𝜀𝑡can be found in Appendix 4.3. 

 As 

the shock produce higher US risk premiums, further down the road it may also contribute to 

increasing risk premiums in smaller markets such as Denmark. If the causality goes both 

ways, i.e. that the Danish risk premium can forecast the other risk premiums as well, it will 

represent general market interdependence.  

53 A funding shock refers to a period where bank’s unwillingness to lend to each other pushes the unsecured 
interest rates well above what we consider reasonable compensation for default risk. During the crisis period, 
many banks developed an increased demand for funding. However, since few banks were willing to act as 
suppliers to these banks, the interbank market collapsed. As we show later, bank’s reluctancy to lend to each 
other is usually reflected in the liquidity component. 
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Our methodology follows Kahlid and Kawai (2003), which is convenient since their data set 

exhibits similar characteristics.54

4.4.1 Theory 

 Their paper analyzes possible spillover effects between nine 

Asian countries during the late 1990s Asian crisis. However, the authors find little support for 

these effects. Contrary to a recent paper from Kim and Kim (2010), they do not include the 

US in the analysis. Based on our findings and similar papers, it seems evident that spillover 

effects are more common when the difference in relative size between the markets is large, 

and more specifically, when the US market is included. The intuition is that the US market 

should be included as it is by far the most important indicator of the overall health level in 

financial markets, and the key driver of new trends.  

To analyze and statistically verify the hypothesis of spillover effects we employ a VAR 

model. VAR is an econometric model commonly used to capture the development of and 

interdependencies between time series. It also allows for testing the casual relationship 

between the series, which we utilize in the next section. Furthermore, contrary to most 

statistical models the VAR treats all variables on an equal footing. Thus, there is no initial 

distinction between endogenous and exogenous variables. In contrast to simultaneous 

equations, this removes the possibility for subjective judgment errors.55

Where 𝑌𝑡 is a k vector of endogenous variables, 𝑥𝑡 is a d vector of endogenous variables, 

𝐴1..𝐴𝑝 and 𝛽 are matrices of coefficients to be estimated and 𝜀𝑡 is a zero mean white noise 

vector process. 

 Formally, the model 

consists of every endogenous variable as a function of the lagged values of all endogenous 

variables in the system: 

𝑌𝑡 = 𝐴1𝑌𝑡−1+. . . + 𝐴𝑝𝑌𝑡−𝑝 + 𝛽𝑥𝑡 + 𝜀𝑡 

The VAR model provides the framework for the three next sections, where we discuss 

causality, impulse response functions and variance decompositions. Combined these 

techniques will give us a more clear picture of how the interaction among interbank markets 

evolved from the pre-crisis to the crisis period. 

                                                 
54 For example, they also have nonstationary data without a cointegrated relationship. As us, they solve the 
problem by first differencing the time series. 
55 It was with this in mind that Sims (1980) developed the VAR methodology.  
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4.4.2 Granger Causality 

Like the papers on spillover effects in emerging markets, our objective is to identify any 

causal or interdependent relationships among the three interbank markets. We are especially 

interested in the development from the pre-crisis to the crisis period. More concretely, we 

want to study whether the increasing systematic risk is due to transmission of US and Euro 

market distress to the Danish market. This is possible by utilizing the VAR model in a 

Granger Causality test. Here we test for zero restrictions on the VAR coefficients, i.e. a null 

hypothesis of no causality. According to Bank of Japan (2008), the Granger Causality test is 

an effective statistical technique based on prediction that determines if one risk premium is 

useful in forecasting another. 

Before we start, it is necessary to determine the appropriate lag-length in the VAR model. 

That is, how many lagged periods of the endogenous variable to be included. The aim is to 

include just enough lags to ensure that the residuals are white noise, and, at the same time, 

produce accurate estimates. With this in mind, we apply two standard econometric techniques 

that measure the goodness of fit of an estimated statistical model: namely the Akaike 

Information Criteria (AIC) and the Schwartz Information Criteria (SIC). According to the 

criterias, the model should include four lags in the pre-crisis period and three lags in the crisis 

period. A full summary of the AIC and SIC results is placed in Appendix 4.5. 

4.4.2.1 Granger Causality in the Pre-Crisis Period  

Below are the first results from the Granger Causality tests. Since we test a large number of 

hypotheses, we present and comment on the results from the pre-crisis period first. 

Subsequently, we present the results from the crisis period. Although our focus is on the 

Danish market, we also include the relationship between the Euro area and the US. To analyze 

transmission of foreign market tensions to the Danish market, it is necessary to consider the 

interaction between the US and the Euro area. In addition, it allows us to test for indirect 

causal relationships. We will delve more on this issue in sections on impulse response 

functions and variance decompositions. Here it is sufficient to say that any significant 

Granger Causality may be the result of an impact from a third market, and thus not reflect real 

linkages between the two markets under investigation.   
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Table 4.3 Granger Causality Test from the Pre-Crisis Period 
The Granger Causality test from the pre-crisis period is conducted using a VAR model with four lags. The null 
hypothesis is that there is no pair-wise relationship between the two analyzed risk premiums. We reject the null 
if the p-value is less than 0.05. 

Granger Causality Test 
Hypothesis F-value Prob. Result 
Pre-crisis period (Jan 06 - Aug 07) 
DK does not cause EU  1.97567 0.0968 Not rejected 
EU does not cause DK  4.67485 0.0010 Rejected 
        
DK does not cause US  1.91881 0.1058 Not rejected 
US does not cause DK  3.62760 0.0062 Rejected 
        
EU does not cause US  0.71721 0.5804 Not rejected 
US does not cause EU  9.07672 4.E-07 Rejected 

Unlike Strömqvist and Soultanaeva (2009), Bank of Japan (2008) and Abbassi and Schnabel 

(2009), we do not find the risk premiums to be independent of each other in the pre-crisis 

period. Instead, the risk premium in the US and the Euro area affects the Danish risk 

premium. As expected, there is no interdependence as the hypothesis of “DK does not cause 

EU” and “DK does not cause US” are accepted. This implies that significant spillover effects 

are present from both the US and the Euro area towards the Danish market. We also note that 

spillover effects are present from the US to the Euro area.  

Figure 4.7 Granger Causality Test from the Pre-Crisis Period 
This simple figure illustrates the pre-crisis period results from the Granger Causality test. An arrow between two 
risk premiums indicates that we reject the null hypothesis of no causality at a 5 percent significance level.  

 

Why is it that our results diverge from similar research on causality in the pre-crisis period? 

Firstly, there is often a small margin between accepting or rejecting a hypothesis, as these 

tests are very sensitive to the data set one utilizes. In the paper from Bank of Japan (2008) 

they find causality significant on the 10 percent significance level, and in addition, 

interdependence in the crisis period between the Euro area and Japan. Hence, the relevant 

significance level one operates at can be important. 
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Secondly, another explanation is simply the use of difference data sets. While Strömqvist and 

Soultanaeva (2009) analyze the Swedish market, Bank of Japan (2008) looks at the Japanese 

risk premium and Abbassi and Schnabel (2009) apply repo rates from the UK, the US and the 

Euro area, we utilize data from the Danish market. As discussed earlier the Danish Cibor rate 

exhibits some disturbances that may produce other results than comparable research papers. 

There are also other reasons that can explain our pre-crisis findings. Firstly, for the DK/Euro 

relationship the fixed Danish exchange rate has important implications for the Granger 

Causality test. Since the Danish Cita rate will follow the Eonia rate, it is natural that we find 

transmission of market distress from the Euro area to the Danish market even in the pre-crisis 

period where the volatility is low. This may seem odd considering that we in Section 4.2 

calculated the cross-market correlation between the two risk premiums to be close to zero. 

However, remember that the Granger Causality test captures what we call lead-lag effects. 

Lead-lag effects arise when one variable is correlated with lagged values of another variable. 

When we find causality from the Euro area to the Danish risk premium, it means that 

historical (lagged) risk premiums from the Euro area are useful predictors of future Danish 

risk premium. Hence, the rejection of the no causality hypothesis may simply reflect the fixed 

exchange rate policy set by the Denmark’s National Bank.56

We also find a statistically significant causality from the US to the Euro area and Denmark. 

This is hardly surprising given the position the US has in financial markets. As Ehrmann and 

Fratzscher (2004) show, US macroeconomic news has a large and significant effect on the 

European interbank market and overall acts as a leading indicator for the economic 

development in the Euro area. These factors naturally spill over to the Danish market, and 

even directly or indirectly through the Euro area. Since the Granger Causality test cannot 

capture indirect relationships, we investigate this possibility later in the sections on impulse 

response functions and variance decomposition.  

 

The general conclusion we can derive from the Granger Causality tests in this period is that 

transmission of market distress has occurred. More specifically, while the US is the only 

independent market in the pre-crisis period, its risk premium has affected both the Euro area 

and the Danish market.  

                                                 
56 We discussed earlier the relationship between exchange rates and interest rates. Ceteris paribus, a change in 
e.g. the Eonia rate is likely followed by a similar change in the Cita rate. This is obtained in the Granger 
Causality test as lagged European risk premiums are found as useful forecasters of the Danish risk premiums.   
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Before ending this section, one more point should be made. As Figure 2.2 illustrate, the risk 

premiums are relatively stable and on low levels during the pre-crisis period. Hence, the 

results may include some noise as we are analyzing very small movements. In other words, 

we may be running the risk of analyzing the movements in greater detail than necessary. 

However, in order to examine the transition from the pre-crisis to the crisis period, a proper 

analysis of the pre-crisis period must be made. Moreover, although the magnitude is small, 

the theory behind the still holds.  

4.4.2.2 Granger Causality in the Crisis Period 

Moving on to the crisis period, we expect increasing systematic risk across interbank markets 

to result in further transmission of interbank market tensions. However, due to our Granger 

Causality results from the pre-crisis period, this development is not as clear-cut as we hoped. 

That is, since we find both the Euro area and the US to affect the Danish market in the pre-

crisis and expect the same from the crisis period, the Granger results will be similar to each 

other.  

Table 4.4 Granger Causality Test from the Crisis Period 
The Granger Causality test from the crisis period is conducted using a VAR model with three lags. Furthermore, 
we take the first difference of the time series to fulfill the important stationarity assumption. The null hypothesis 
is that there is no pair-wise relationship between the two analyzed risk premiums. We reject the null if the p-
value is less than 0.05. 

Granger Causality Test 
Hypothesis F-value Prob. Result 
Crisis period (Aug 07 - Jan 10) 
DK does not cause EU 1.92022 0.1247 Not rejected 
EU does not cause DK 3.21800 0.0222 Rejected 
        
DK does not cause US 0.22081 0.8820 Not rejected 
US does not cause DK 4.97243 0.0020 Rejected 
        
EU does not cause US 3.91942 0.0085 Rejected 
US does not cause EU 8.82986 9.E-06 Rejected 
 

As in the pre-crisis period, we find that the Danish risk premium is affected by the two other 

risk premiums. The same arguments as in the pre-crisis period for these causal relationships 

should therefore be applicable. Based on the events that followed the breakdown of interbank 

markets in 2007, it is not surprising that the US and the Euro area contributed to increasing 

market volatility in Denmark.  
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Let us instead turn our attention towards the two last columns in Table 4.4, which describes 

the causal relationship between the Euro area and the US risk premium. Firstly, we still see 

interbank market tension in the US market transmitted to the Euro area. In addition to the 

macroeconomic factors we discussed in the pre-crisis period, ECB (2008) reports that a new 

transmission channel of market distress was the foreign exchange (FX) market. During the 

crisis many non-US banks were forced to obtain crucial USD funding through the FX swap 

market. Due to escalating counterparty risk and lower market liquidity, the swap rates 

increased. Moreover, ECB (2008) shows that there is positive correlation between the FX 

swap spreads and the interbank market spreads. Hence, the increasing FX swap rates 

transmitted to the interbank market. The result was increasing spreads in the Euro area arising 

from higher tension in the US market. The relation between risk premiums and the FX swap 

market during the crisis period is so interesting that we devote Part 5 to investigate it.  

Figure 4.8 Granger Causality test from the Crisis Period 
This simple figure illustrates the crisis period results from the Granger Causality test. An arrow between two risk 
premiums indicates that we reject the null hypothesis of no causality at a 5 percent significance level. The 
difference from the pre-crisis period is that the Euro area now affects the US risk premium, i.e. producing 
interdependence between the two markets. 

 

Furthermore, unlike the pre-crisis period there is now significant causality from the Euro area 

to the US. This is not a new discovery. Ehrmann and Fratzscher (2004) show that US markets 

started reacting to the development in the Euro area after the European Monetary Union 

(EMU) was formed. This could be a sign of interdependence generated by increasing real 

integration between the two economies, thus indicating further tensions in interbank markets. 

However, before deriving any conclusions we must investigate this relationship further in the 

following sections.  
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4.4.3 Impulse Response Analysis 

The Granger Causality tests reveal that there exist spillover effects in both the pre-crisis and 

the crisis period. Although the Granger test detects causality from one variable to another, it 

does not provide information on the magnitude or for how long the spillover effects effect 

occurs. With an impulse response analysis we can quantify the effects. This will give us a 

more comprehensive understanding of the spillover effects.  

The estimated coefficients derived from the VAR models may at first glance be hard to 

interpret. In addition, they do not enhance the purpose of our analysis. The output is therefore 

put in Appendix 4.6. Instead we analyze the dynamic interrelationships among the variables in 

a VAR through the Vector Moving Average (VMA) representation of the model. The VMA 

representation expresses the risk premiums in terms of the current and past values of the 

shocks, i.e. 𝜀𝑈𝑆(𝑡), 𝜀𝐸𝑈(𝑡), 𝜀𝐷𝐾(𝑡). 

The main use of VAR models in empirical studies is to generate impulse response functions 

and variance decompositions based on the estimated coefficients and innovations. The 

innovations are the standard errors (shocks) of the estimated equation in the VAR. Impulse 

response functions makes it possible to visualize the multivariate effects among the variables 

in the VAR model. Moreover, Vector Autoregressive models can be expressed as a Vector 

Moving Average model (VMA) of the innovations: 

𝑌𝑡 = 𝜇 + �𝜙𝑖𝜀𝑡−𝑖

∞

𝑖=0

 

Where 𝜙𝑖 is the matrix of MA coefficients measuring the impulse responses. In other words, 

𝜙𝑗𝑘,𝑖 represents the response of variable j to a unit impulse in variable k occurring i-th time 

ago. µ is the intercept and ∑ is the correlation matrix of the residual shocks.  

This model generates impulse response functions (IRF). The function traces the effect of one 

standard deviation shock to one of the innovations on current and future values of the 

endogenous variables (risk premiums). The purpose is to shock one variable while keeping 

the other variables fixed. To achieve this, the residuals estimated from the VAR model must 

be diagonalized. The correlation matrix ∑ of the residuals is usually correlated and thus non -

diagonal. We therefore have to transform the matrix for it to be orthogonalized. This implies 

that we must use a specific ordering of the variables. The first variable is only affected by its 
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own shocks, the second variable is affected by its own and the first variable’s shocks. The 

third variable is affected by the first, second and its own innovations. In order to do this, we 

apply the Cholesky decomposition method: 

𝑌𝑡 = 𝜇 + �⊝𝑖 𝑤𝑡−𝑖

∞

𝑖=0

 

Where ∑ = 𝑃𝑃′, P is a lower triangular matrix and ⊝𝑖= 𝜙𝑖𝑃, 𝑤𝑡 = 𝑃−1𝜀𝑡 and 𝐸(𝑤𝑡𝑤𝑡
′) = 𝐼. 

The mathematical calculations for a Cholesky transformation of a 3x3 matrix are found in 

Appendix 4.4. 

4.4.3.1 Cholesky Ordering 

The right ordering is a crucial part of the impulse response analysis. Note that changing the 

ordering can dramatically affect the impulse response functions. Since we have three 

variables, we have the following possible orderings: 

1.      US, EU, DK 4.      EU, DK, US 

2.      US, DK, EU 5.      DK, US, EU 

3.      EU, US, DK 6.      DK, EU, US 

 

Naturally, we want to identify the variable that intuitively comes first, and which is only 

affected by its own shocks. We argue that the US risk premium based on the causality tests is 

the key driver of international interbank market spreads. Consequently, there are two possible 

ordering combinations, either number 1 or number 2. To determine the correct ordering of the 

second variable we check the correlations between the residuals: 
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Table 4.5 Correlation between VAR Residuals 
The table shows the correlation coefficients between the residuals from the VAR models. 

Correlations - VAR Residuals 
Pre-Crisis 

     
 

US EU DK 
    US 1.00 

  EU 0.12 1.00 
 DK 0.08 0.70 1.00 

    Crisis 
   

 
US EU DK 

US 1.00 
  EU 0.33 1.00 

 DK 0.04 0.47 1.00 

In both periods, the Euro area risk premium shows a higher correlation with shocks from the 

US than the Danish risk premium. Moreover, our causality tests find that the Euro area is 

affected by the US but not by the Danish market while the Danish market is affected by both 

the US and the Euro area. Thus, since we are interested in how the Danish risk premium 

reacts to shocks stemming from the US and the Euro area, we put the Danish in the third 

position. The Cholesky ordering is therefore identified as: US, EU, DK. 

Our ordering is in accordance with findings from BoJ (2008) and Riksbanken (2009), which 

identifies the Cholesky ordering US, EU, JPY and US, EU, SWE, respectively. Although 

other studies derive similar orderings, we must check the robustness of the impulse functions. 

A usual rule of thumb is to change the ordering and see if the responses change significantly. 

If so, the functions are not robust. Pesaran (1997) proposes a generalized orthogonalization 

that does not depend on the ordering of the variables. However, further examination shows 

that our analysis is robust and thus this method is not necessary to apply.57

                                                 
57 We find the ordering to be robust when applying EU, US, DK. The responses do not change significantly.   

 As a last point, it 

should be noted that interpretations related to Granger Causality from impulse responses may 

not always be valid due to the ordering. Unlike the impulse response functions, the Granger 

Causality test does not assume any ordering. Granger results may therefore deviate from other 

VAR techniques such as impulse responses and variance decompositions. 

For further details see Appendix 4.7. 
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4.4.3.2 Model Stability and Stationarity 

Just like the correct ordering is a critical factor in a VAR analysis, the model’s stability is of 

the utmost importance. In order to write the VAR(p) process as an infinite VMA model, it 

needs to be stable. Following Lütkepohl (2005), the model is stable if its inverse characteristic 

polynomial of the VAR(p) process has no roots outside the complex unit circle. Formally, this 

implies that: 

det�𝐼𝐾 − 𝐴1𝑧 − ⋯− 𝐴𝑝𝑧𝑝� ≠ 0 for |z|≤1 

This is called the stability condition. If z is greater than one, the elements in the VAR model 

are not vanishing as time passes and thus may move to infinity. The VAR(p) process is then 

non-stationary. There exists k*p number of characteristic roots in the VAR(p) process. The 

pre-crisis period therefore has a total number of 12 (3x4) roots, while the crisis period only 

has 9 (3x3).  

Figure 4.9 Inverse Roots of AR Characteristic Polynomial 
The scatter plot shows the inverse characteristic roots of the estimated elements in the VAR models.  The plot to 
the left represents the 12 roots in the VAR(4) process of the pre-crisis period. The plot to the right represents the 
9 roots in the VAR(3) process of the crisis period. Inverse roots inside the unit circle indicate a stable process. 

 

The VAR(4) process in the pre-crisis period does not have inverse roots outside the unit circle 

and is therefore stable. The same is true for the VAR(3) process in the crisis period. Note, 

however, that the characteristic roots for the US elements in both periods are close to one. 

Consequently, it can take a long time for shocks to the US risk premium eventually die out.  

Sims (1980) and Doan (2000) claim that to interpret the impulse response functions correctly, 

they should be estimated in levels. Moreover, the authors argue that first differencing to 
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obtain stationary times series will remove important information about the co-movement in 

the data. A study by Fuller (1976) shows that differencing the data offers no improvement in 

asymptotic efficiency in autoregressive models. For this reason, the VAR model utilized for 

the impulse response functions will be estimated in levels. Note that the model still has to 

fulfill the stability criterion proposed earlier. 

4.4.3.3 Comparability 

Having verified that the characteristic roots are stable, we now move on to how the response 

functions for the two different periods should be compared. We are analyzing the effects of a 

one-time shock of one standard deviation to the innovations in the current and future values of 

the risk premium. The standard deviations of the crisis period are much larger than in the pre-

crisis period. This makes it difficult to compare the two periods. Abbassi and Schnabel (2008) 

thus argue that the same shock should be used in both periods in order to compare the impulse 

responses correctly. We therefore substitute the standard deviations (shocks) in the pre-crisis 

with the shocks from the crisis period, and use these estimates in the analysis.  

4.4.4 Results from the Impulse Response Analysis 

The impulse response functions trace the dynamic relationships among the risk premiums 

during a period of 30 days.58

 

 The charts represent the time (in days) it takes a shock to be 

absorbed in the risk premiums. In a stable VAR system, the shock should be absorbed and 

slowly decline towards zero. Additionally, the accumulated responses should converge to a 

constant. On the contrary, an unstable or non-stationary process is reflected in a response that 

moves towards infinity.  

 

 

 

 

                                                 
58 Strömqvist and Soultanaeva (2009) use a period of 20 days, while BoJ (2008) uses 30 days to measure the 
responses. 
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Figure 4.10 Cholesky Impulse Responses to One S.D Innovations ±2 S.E  
The graphs show the Impulse Response Functions of the estimated VAR models. The solid lines refer to the 
impulse response of a one-time shock of one standard deviation to the innovations. The dashed lines represent 
the confidence interval (computed using Monte Carlo estimation). The blue lines depict the crisis period, while 
the red lines refer to the pre-crisis period. The x-axis and y-axis are measured in days and basis points, 
respectively. 
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4.4.4.1 The US Market – Pre-Crisis 

As a result of the ordering, we will first present the results for the US market and then move 

on to the Euro area, before ending with the Danish market. 

During the pre-crisis period, the US market is only affected by its own shocks. The shock 

absorbs easily within the period of 30 days, most of it during the first few days. The response 

of the US risk premium to EU shocks is close to zero. The same is true for the shocks coming 

from the Danish market. This further confirms the conclusions from the Granger causality 

tests: the Euro area and DK do not affect the US interbank market in the pre-crisis period. 

4.4.4.2 The US Market – Crisis 

Moving on to the crisis period, the impulse functions reveal a different story. A shock to the 

US risk premium from the same market is not absorbed over the time period of 30 days.  In 

fact, it escalates in magnitude over time before it reaches a constant of 6.5 basis points. This 

implies that the shock remains in the risk premium – allowing for a momentum effect. 

According to Bank of Japan (2008), roughly 20 percent of the increased volatility in the US 

risk premium stems from increased shocks during August 2007 and April 2008. The rest is 

due to changes in parameters (coefficients). It is therefore safe to say that the rise in the US 

risk premium is a result of altered market circumstances in combination with funding shocks.  

In similarity to the Granger results, we find the US market to be affected by shocks occurring 

in the Euro area. The effect from the shock is, however, small in comparison to the domestic 

shocks. It is also effortlessly absorbed over time by the US market. It should furthermore be 

noted that the confidence intervals are much wider in the crisis period. As a result, there is a 

greater uncertainty attached to the accuracy of the impulse response functions. Shocks to the 

Danish market, on the other hand, still have no effect on the US risk premium.  

4.4.4.3 The Euro area – Pre-Crisis 

The Euro area is affected by shocks to the US risk premium during the pre-crisis period. This 

is supported by the Granger tests we did earlier. As the Euro area is affected by shocks from 

the US and not the other way around, we find evidence for market spillover effects. In line 

with the findings of Bank of Japan (2008), the spillover effect is small and not very persistent. 

Furthermore, almost all effect from the domestic shock in the Euro area is absorbed during the 
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first 10 days. This is as expected since shocks under normal market conditions should be 

easily absorbed and decline towards zero over time. 

4.4.4.4 The Euro area – Crisis 

In the crisis period, the EU spread reacts to domestic shocks with a concave form. While it 

takes 10 days to absorb almost all the shock in the pre-period, it takes 30 days just to absorb 

half of the shock in the crisis period. In other words, the shock is sustained over a longer 

period of time. 

Even though the domestic shocks in the Euro area slowly decline towards zero, the shocks 

stemming from the US increase in magnitude. That is, a one-time shock to the US risk 

premium transmits over to the Euro risk premium over time.  Consequently, and in line with 

the Granger tests, we find market spillovers from the US to the Euro area. The spillover effect 

is greater and more significant from the US to the Euro area than vice versa. The uncertainty 

and smaller effect attached to the latter response, leads us to conclude that interdependence 

between the US and Euro area risk premium in the crisis period needs to be analyzed further 

before drawing a conclusion. 

4.4.4.5 The Danish Market – Pre-Crisis 

In the PCA analysis, we found regional patterns in the risk premiums during the pre-crisis 

period. Evidently, the Euro area and the Danish market follow the same pattern in this period. 

When looking at the Danish interbank market through the lens of impulse response functions, 

we also find evidence for market spillover effects in the pre-crisis period. The spillover effect 

from the Euro area to the Danish market is significant and reflected in the narrow confidence 

bounds. This is particularly true for the first few days after a shock to the Euro area. The fact 

that the magnitude of the spillover effect is equal to the estimated standard errors of the 

Danish VAR model reveals that shocks to the EU risk premium are a key driver of the Danish 

market in this period. This is also visible from Figure 4.2 where the Danish risk premium 

slowly moves towards the levels in the Euro area. We confirm this hypothesis by variance 

decomposition of the Danish spread later. 

Analogous to the Euro area, the Danish market is affected by shocks from the US market. 

Unsurprisingly this is supported by the Granger tests we did earlier. The effect from a shock 

to the US risk premium has almost an identical impact in the Danish as it has on the Euro area 
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risk premium. In other words, the effect is small and not very persistent. Nevertheless, this 

confirms that the Danish market is to some degree affected by market spillover effects from 

the US. 

Unlike the reaction in the Euro area, the Danish risk premium is not able to absorb a domestic 

shock within the first ten days. Although the effect of the shock diminishes by 50 percent 

during the first five days, it remains at a constant level throughout the period.  This means that 

domestic shocks are sustained over a longer time period, again allowing for a momentum 

effect. 

4.4.4.6 The Danish Market – Crisis 

The effect from shocks stemming from the Euro area risk premium plunges as the response 

drops from 3 to 2 standard errors. In addition, the Danish market is immediately affected by 

shocks from the Euro area. More importantly, the shock is manifested for a longer period of 

time than in the pre-crisis period. This is a common phenomenon for many of the impulse 

response functions in our analysis. In several cases the shocks occurring in a foreign market 

has a sustained effect on the domestic risk premium. This is especially true for the Danish risk 

premium.  

Unlike a shock from the Euro spread, the DK spread does not immediately respond to shocks 

from the US. A shock to the US spread transmits over to the Danish market and escalates over 

a time period of 30 days. As a result we find evidence for spillover effects from US to 

Denmark and the Euro area to Denmark. The presence of interdependence is ruled out as we 

do not find evidence for spillover effects from the Danish to foreign markets. 

A domestic shock to the Danish risk premium has a similar effect as a domestic shock to the 

Euro area risk premium. 45 percent of the shock is absorbed over the time period. Again, this 

confirms that the shock remains in the Danish risk premium for a longer period of time.  
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4.4.5 Variance Decomposition  

In the last section we examined the magnitude and time length of the various spillover effects 

first found in the Granger Causality section. This was possible utilizing the VAR model to 

generate impulse response functions (IRF). The results were to a large extent in line with the 

earlier Granger Causality tests, thus confirming the hypothesis of spillover effects to the 

Danish market. However, two interesting aspects were raised that we hope to clarify in this 

section. 

Firstly, in the pre-crisis period the IRF analysis shows that the impact from the US to 

Denmark is not as strong as first indicated by the Granger Causality. More specifically, the 

analysis finds the Danish market to be relatively unaffected by shocks occurring in the US. 

This section will reveal if the Granger Causality from the US to the Danish market was a 

result of an indirect impact of US shocks via the Euro area risk premium. Indirect 

relationships are common when the analysis includes dominant markets such as the US. The 

phenomenon is found in the Bank of Japan (2008) article, among others.  

Secondly, in the crisis period the Granger Causality test indicated interdependence between 

the US and the Euro area. When investigating this further in the IRF section, we conclude that 

while the effects from the US towards the Euro area are strong, the effects from the Euro area 

towards the US are considerably weaker. This sheds a different light on the possible 

interdependence relationship we introduced earlier.  

Since the Granger Causality section and the IRF section clearly produce some ambiguous 

results, we now want to determine the relative importance of each shock that affects the risk 

premiums. The variance decomposition will reveal the amount of information the shocks 

account for in the VAR process after 30 days. This is why the method usually is referred to as 

innovation accounting.  

From the VMA model presented earlier and some matrix derivation, we can deduce an 

expression for the forecast error variance decomposed into components according to 

innovations in the different variables of the system. The results are illustrated in Figure 4.11, 

and as usual separated into a pre-crisis and a crisis period.  
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Figure 4.11 Variance Decomposition Analysis 
The pie charts represent the variance decomposition of the three risk premiums in the pre-crisis and crisis period. 
The lengths of the periods are 30 days and the Cholesky ordering based on the earlier discussion is US, Euro area 
and Denmark.  

 

 

 

4.4.5.1 Results from the Pre-Crisis 

The pie charts show the Forecast Error Variance Decomposition (FEVD) for the three risk 

premiums. The variance error can be interpreted as the effect of unexpected events in the risk 

premiums. Because shocks represent events that are not incorporated by the estimated 

coefficients in a VAR model, these events go into the residuals. This makes it possible to 

analyze to what degree the residuals contain spillover effects from foreign markets. In effect, 

we are analyzing the interrelationships in the risk premiums during extreme market events. 

Starting with the pre-crisis period, 83 percent of the Danish error variance is attributable to 

domestic shocks. The foreign shocks from the Euro area and the US accounts for 15 and 2 

percent of the variance in the Danish forecast error, respectively. The small contribution 

ascribed to the US implies that the Granger Causality from the US towards the Danish market 
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in the pre-crisis period results from an indirect impact of US shocks via the Euro area. The 

variance decomposition therefore supports the findings from the impulse response functions, 

indicating that the US impact on the Danish market actually stems from the Euro area and 

thus categorizes as an indirect relationship.  

For the Euro area we see that shocks from the US accounts for a relative large part of the 

variance in the forecast error. This fits well with the Granger Causality from the US to the 

Euro area. In the US domestic shocks account for almost 100 percent of the forecasted error, 

leaving the US risk premium the only independent risk premium in the pre-crisis period. 

4.4.5.2 Results from the Crisis 

As expected, the crisis period introduces escalating impacts from foreign shocks. Again, this 

supports our enduring hypothesis of increasing systematic risk and spillover effects in periods 

of financial turmoil. In the Danish market only 59 percent of the variance in the forecast error 

is attributable to domestic shocks. Shocks from the Euro area and the US now accounts for 

approximately 20 percent each. The larger contribution from the US market implies that the 

effect on the Danish market now is direct, unlike the pre-crisis period where we found the US 

market to affect the Danish market indirectly through the Euro area. This confirms that the 

Danish market was a minor player in the interbank market both before and during the 

financial crisis and moreover, the development in the Danish risk premium was dictated by 

the movements in the larger markets in the US and the Euro area. 

As a last interesting point, we note that the US risk premium is still reckoned as independent, 

with 97 percent of the variance in the forecast errors contributable to own shocks. This 

undermines the result from the Granger Causality test where we find the Euro area to affect 

the US risk premium. As emphasized in Section 4.4.3.1, the interpretation related to Granger 

Causality from impulse responses and variance decompositions may not always be valid due 

to the ordering. Moreover, the variance decomposition supports the IRF analysis where we 

show that shocks occurring in the Euro area to a large degree are absorbed by the US market. 

It is therefore clear that the interdependent relationship found in the Granger tests is due to 

noise in the calculations. Hence, we argue that the US market is the only independent market 

and manifest its position as the key driver of financial markets. 
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Part 5: Liquidity Shortages in the FX Swap Market  

In Part 4 we concluded that the Danish market was affected by interbank market distress 

stemming from the US and the Euro area, both in the pre-crisis and the crisis period. 

Furthermore, we showed that the spillover effects to the Danish market were strongest in the 

crisis period. In this part we want to find specific transmission channels of foreign market 

tension. Hence, we investigate whether liquidity shortages in the Foreign Exchange (FX) 

swap market was a transmission channel of spillover effects during the crisis period. 

Let us start with the basics. When Cibor banks need foreign currencies, they have two 

alternatives. One alternative is to borrow directly in the unsecure interbank market for the 

foreign currency. However, the interbank breakdown made this alternative unavailable for 

many banks. Instead, the banks were forced to use the second alternative, namely financing 

through FX swaps. In an FX swap the bank borrows in the domestic currency’s unsecure 

interbank market, before converting the proceeds into a foreign currency obligation through 

an FX swap.  

Figure 5.1 Cash Flows in an FX Swap Transaction  
The figure shows a standard DKK/USD FX swap transaction involving two banks. The figure would look 
identical in a DKK/Euro transaction. 

 

Financing through an FX swap should not entail any additional costs. However, in periods of 

financial distress this may change. In the second half of 2007 liquidity shortages in the FX 
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swap market started to appear. The key factor behind this development was the balance sheet 

of many Danish and European banks. Denmark’s National Bank (2009) reports of increasing 

amounts of Euro and USD denominated assets on Danish banks’ balance sheets. A popular 

trend was to use Euro denominated derivatives as a way to hedge interest rate risk.59

The implications from an increasing ratio of foreign assets to total assets became evident at 

the end of 2007. At that time, many European banks reportedly faced severe USD funding 

shortages. The reason was simply that as dollar denominated assets, such as houses, decreased 

in value, margin calls on these assets required European banks to obtain more USD. The 

consequences were amplified when many US banks sold their foreign assets, effectively 

selling foreign currencies and buying USD. Including the flight-to-safety trend discussed 

earlier, it is safe to say that the FX swap market turned very one sided: few sellers and many 

potential buyers of USD and Euro. McGuire and Von Peter (2009) dubbed this development 

“the US funding gap”.  

 

Furthermore, similar trends exist for European banks. Baba et al. (2008, 2009) show that 

while European banks increased their USD assets sharply in the last decade, US banks 

maintained a stable and in comparison low balance of Euro denominated assets.  

In the same paper McGuire and Von Peter (2009) reports that the funding gap was first 

financed through interbank and FX swap markets. However, as these sources dried up central 

banks were forced to step in and initiate several funding programs. In Part 3 we showed that 

the liquidity component was the key driver of the risk premium during the crisis period. 

Although the fraction of credit risk from the risk premium increased during this period, the 

overall aim was therefore to reduce the liquidity risk and thus the overall risk premium. 

In Denmark these programs were in the form of “Bank Rescue Package 1 to 3”. The first 

package was introduced in October 2008 and the last in March 2010. In addition, Denmark’s 

National Bank initiated several foreign exchange (FX) swap auctions. The auctions came 

through after an agreement with the ECB and the FED, and provided Cibor banks with access 

to Euro and USD. Moreover, the auctions were popular and often fully subscribed. However, 

the upward shift in demand for foreign currencies and the current shape of the FX market may 

indicate that Cibor banks paid a high price to acquire USD and Euro.60

                                                 
59 Due to the fixed exchange rate against the Euro and thus a close relationship between Danish and European 
interest rates, Euro denominated derivatives is an efficient way for Cibor banks to hedge their interest rate risk.  

 We aim to study if 

60 From microeconomic theory of supply and demand, an increase in demand without a similar increase in 
supply often leads to higher pricing, as in this case of the FX swaps.  
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above “equilibrium” prices in the FX swap market generated higher Danish liquidity 

premiums.  

Figure 5.2 FX Swap Auctions held by Denmark’s National Bank during the Crisis 
The chart presents the Euro and USD FX swap auctions held by Denmark’s National Bank along with the 
development in the Danish liquidity premium. The trend is that the FX auctions are able to reduce the liquidity 
premium, and especially during the second half of 2009. The FX swap auction statistics are gathered from 
Denmark’s National Bank  

 

Why is the relation between FX swap prices and the Danish liquidity premium so interesting? 

We find inspiration in a paper from Baba et al. (2008), where the authors find a significant 

lead-lag relationship between market deviations from the Covered Interest Parity (CIP) rule in 

the USD FX swap market and the risk premium for the Euro area. In effect, the increasing 

cost of accessing USDs for European banks resulted in elevated risk premiums in the Euro 

area.  

A similar relationship could exist in the Danish market. That is, increasing costs to obtain 

USD and Euros may have produced higher Danish risk premiums. Unlike e.g. the paper from 

Baba et al. (2008), we use the liquidity component rather than the overall risk premium. As 

discussed, liquidity risk played a more important role in the risk premium than the credit 

component. Furthermore, the main purpose of the central bank’s liquidity programs was to 

provide loans at lower rates than the market rates available at that time. Hence, we believe 
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that liquidity shortages has a more coherent relationship with the liquidity component than the 

credit component. 

To assess the hypothesis of liquidity shortages as a key driver of the Danish liquidity 

premium, we must derive an expression for the CIP deviation. Following Baba et al. (2008), 

we define the total funding cost for the FX swap alternative as the FX swap-implied rate. 

Continuing the DKK/USD example, the FX-swap implied dollar rate from DKK is 

therefore:61

Where 𝑆𝑡 and 𝐹𝑡,𝑡+𝑥 represents the FX spot and forward rates between the Danish kroner and 

the USD.

 

𝐹𝑡,𝑡+𝑥

𝑆𝑡
(1 + 𝑅𝑡,𝑥

𝐷𝐾𝐾) 

62 From the no-arbitrage condition, investments with equivalent cash flow and risk 

should have the same cost. The idea is that if one of the alternatives is costlier than the other, 

financial institutions would short the expensive and go long in the cheaper alternative, thus 

producing risk free profit.63

That is to say that the 3-month FX swap-implied dollar rate from DKK rate equals the 3-

month USD Libor rate. Subtracting the right-hand side (rhs) from the left-hand side (lhs) 

gives us an expression of the CIP deviation. If Danish banks paid a premium for accessing 

USDs through the FX swaps, the CIP deviation should be greater than zero: 

𝐶𝐼𝑃 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 =  
𝐹𝑡,𝑡+𝑥

𝑆𝑡
�1 + 𝑅𝑡,𝑥

𝐷𝐾𝐾� − (1 + 𝑅𝑡,𝑥
𝑈𝑆𝐷) 

 These trades will eventually drive the costs up to equal terms 

again. This condition is actually the CIP condition, which postulates that interest rate 

differentials among currencies should be perfectly reflected in the FX forward discount rates. 

CIP holds if:  

𝐹𝑡,𝑡+𝑥

𝑆𝑡
�1 + 𝑅𝑡,𝑥

𝐷𝐾𝐾� = (1 + 𝑅𝑡,𝑥
𝑈𝑆𝐷) 

                                                 
61 The reasoning also holds for the DKK/Euro FX swap transaction. For the sake of simplicity, we use the 
DKK/USD example throughout the section. 
62 The forward points are gathered from Reuters and added to the spot rates in order to infer the forward 
rates. 
63 The term “go long” refers to the purchase of a financial instrument in belief that the price will increase (buy 
and hold). When shorting, the trader sells a borrowed instrument in belief that the price will decline. The 
trader thus makes a profit by delivering the borrowed instrument at a lower price in the future. 
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Figure 5.3 USD Funding Alternatives Available for Danish Banks  
The figure shows the Covered Interest Parity relationship for the DKK/USD FX swap market and the Libor 3M 
rate. If CIP holds these two rates should be identical. The pre-crisis period is included to show that the CIP 
condition holds in more stable market conditions. However, we observe a positive CIP deviation from August 
2007, indicating that Cibor banks paid a premium for accessing USDs through the FX swaps. This trend 
continues into 2010 with CIP deviation around 50 basis points, indicating a severe mismatch between the two 
alternatives.   

 

Studies on short-term CIP usually find that the condition holds relatively well for developed 

countries. However, Taylor (1989) shows that deviations from CIP tend to occur in periods of 

turbulence. This explains why we find CIP deviations in the aftermath of the interbank 

collapse in the second half of 2007. Common factors that produce CIP deviations are 

increasing transaction costs, credit/counterpart risk and liquidity risk. In addition, we 

emphasize that the possibility of measurement errors must be considered.64

We aim to study whether the Danish liquidity premium was correlated with the extra premium 

non-US banks had to pay to obtain acute Euro and USD funding. A regression analysis with a 

positive and significant relationship between CIP deviations and the Danish liquidity 

premium will signify that increasing costs in the FX swap market lead to a higher Danish 

liquidity premium. 

   

                                                 
64 This relates to our discussion on the reliability of the Libor reportings. Remember the non-binding nature of 
these reportings and the fact that banks are not obligated to transact at the rates they report.  
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In order to derive correct estimates, the regression analysis must be divided into two sub-

periods to capture changes in the slope throughout the crisis period. Based on general market 

tendencies, Bank Rescue Package 1 to 3 and the timing and volume of the FX swap auctions 

held by Denmark’s National Bank, the following periods are defined:65

1. Pre-Lehman Period: 9th of August 2007 – 15th of September 2008  

 

2. Post-Lehman Period: 16th of September 2008 – 15th of June 2009  

Although some variation must be allowed since we are analyzing two different FX markets, 

we expect the following: Prior to the Lehman Brothers collapse, the liquidity premium was 

50-60 basis points above their average from the pre-crisis period. Moreover, deviations from 

CIP imply that prices in the FX swap market were out of equilibrium. Adding that no support 

from Denmark’s National Bank was available at this point, Cibor banks with liquidity 

shortages may have been severely punished in the FX swap market. Hence, we expect a 

significant relationship between deviations from CIP and the Danish liquidity premium in this 

period. 

After the Lehman collapse, the liquidity component is still the key driver of the Risk premium 

in all markets. As the risk premiums escalated fiercely, central banks started reacting. In the 

case of Denmark, both Bank Rescue Package 1 & 2 and most of the FX swap auctions were 

held in this period. Consequently, Cibor banks may have gained access to funding at rates 

lower than what the FX swap markets could provide. In comparison to the first period, we 

therefore expect a less clear-cut relationship between the two variables. Note that since we are 

looking at two FX swap markets, i.e. both the US and the Euro area, the result may differ 

between the markets.   

The observant reader will notice that the period from June 2009 until January 2010 is missing. 

In this period, the credit component gained a larger fraction of the risk premium as a direct 

result of decreasing liquidity risk. Naturally, in this analysis we are not interested in periods 

where the credit risk has been the key driver of the risk premiums. Although deviations from 

CIP persisted after June 2009, it is hard to align this development with a liquidity component 

that has decreased. Overall, the fact that the liquidity risk was less severe in this period also 

makes it less important. Moreover, central banks report lower demands in the FX market, 

                                                 
65 Strömqvist and Soultanaeva (2009) propose a similar decomposition. In addition, the analysis is not very 
sensitive to alterations in the defined periods. 
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which in Denmark was reflected in a drop in the FX swap auctions. For these reasons, we 

argue that an analysis of liquidity shortages in the FX swap market is more accurate without 

this period.  

5.1 Liquidity Shortages in the USD FX Market and its Impact on the Danish Liquidity 

Premium 

From September 2008 to September 2009, 72.9 billion USD was traded through 17 USD FX 

swap auctions. Comparable numbers for the Euro auctions are 9.4 billion Euros over nine 

auctions. These figures imply that liquidity shortages in the Euro FX market were not as 

severe as in the US market. Reinforcing this view is an article from Denmark’s National Bank 

(2009), which reports of high demand in the USD auctions. For instance, the first auction 

received bids for more than three times the amount supplied. On the contrary, in all Euro 

auctions supply exceeded demand. 

As shortages in the USD FX market by far exceeded the demand of Euros, it is natural to start 

with the US FX market. For easier reading we summarize the results in Figure 5.4 and 5.5. As 

the figures illustrate our results so abundantly, only brief comments are necessary. 
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Figure 5.4 and Figure 5.5 Regression Analysis of the Danish Liquidity Premium and CIP 
Deviations in the USD FX Swap Market 
The figures depict the scatter plots and fitted regression models of the relationship between the Danish liquidity 
premium and the CIP deviation for the two time periods. All numbers are in basis points. 

Figure 5.4 Pre-Lehman Brothers Period 

 

Figure 5.5 Post-Lehman Period 
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Before the Lehman collapse in September 2008, we calculate an R-square of 0.57 for the 

relationship between deviations from CIP and the Danish liquidity premium. The slope 

coefficient is significant at the 1 percent level. This entails that deviation from CIP in the 

USD FX market explain close to 60 percent of the variance in the Danish liquidity premium. 

Thus, we find strong indications for liquidity shortages being an influential driver of the 

Danish liquidity premium in this period. 

After the Lehman collapse, the R-square value drops close to 40 percent, down to 0.35. As 

anticipated, the central bank’s intervention with e.g. FX swap auctions provided Cibor banks 

with liquidity at rates that many banks would not be able to borrow against in the open 

market. This was especially true for small and mid-sized Cibor banks, which according to 

Denmark’s National Bank (2009) has faced interest rates at levels far higher than market rates 

in general. In addition, we showed earlier that the Danish risk premium had an increasing 

credit component in this period. A significantly lower R-square therefore imply that strains in 

the short-term USD funding market from the first period were replaced with anxiety for 

further defaults in the financial industry in the second period. Effectively, although the R-

square still points to a relationship between liquidity risk and deviations from CIP, it is 

diminishing and substantially weakened in comparison to the first period. 

5.2 Liquidity Shortages in the Euro FX Market and its Impact on the Danish Liquidity 

Premium 

In the previous section we showed that the activity in the Euro FX swap market was 

considerably lower than in the US market. Despite this, we devote a section to investigating if 

liquidity shortages in the Euro FX market generated increasing liquidity risk in the Danish 

market. The reason is solely due to positive CIP deviations in the swap market, which implies 

that acquiring Euros during the turmoil period has been expensive.66

 

 These costs may have 

influenced Cibor banks and thus produced a higher Danish liquidity premium.  

 

 

                                                 
66 A figure illustrating the positive CIP deviation in the Euro FX swap market is placed in Appendix 5.1. 



 

104 of 130 

 

Figure 5.6 and Figure 5.7 Regression Analysis of the Danish Liquidity Premium and CIP 
Deviations in the Euro FX Swap Market  
The figures depict the scatter plots and fitted regression models of the relationship between the Danish liquidity 
premium and the CIP deviation for the two time periods. All numbers are in basis points.  

Figure 5.6 Pre-Lehman Period 

 

Figure 5.7 Post-Lehman Period  
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Starting with the period that leads up to the Lehman collapse, an R-square of approximately 

0.29 indicates a weaker relationship between the variables than in the case of the US FX 

market. One explanation is simply that a smaller volume of FX swap transactions in the Euro 

market for this period generated only limited effects on the liquidity component. Another is 

the uneven distribution of participants in the FX auctions. In comparison to the USD auctions, 

the Euro auctions had a higher percentage of smaller banks participating. Remember that 

Cibor reporting banks primarily consist of relatively large financial institutions. Hence, 

smaller banks paying above equilibrium for Euro funding will not necessarily have an effect 

on the Danish liquidity premium.67

In the second period the relationship is stronger, with an R-square of 0.46. Thus, liquidity 

deficiencies in the short-term Euro funding market seem to appear later than in the US 

market. Looking back at Figure 5.2 which depicts the FX swap auctions, we see that 3 out of 

7 Euro auctions were held after June 2009, while the comparable numbers of US auctions 

were 4 out of 17. Although the need for Euro funding initially appeared to be small, it 

increased during the crisis period and the effect on the liquidity component therefore came 

later than in the case of the USD. 

 

Overall, these results ascribe liquidity shortages in the FX swap market as a specific 

transmission channel of foreign market tensions during the crisis. The strong effects from the 

US FX swap market is substantiated by the large volume of the swap auctions, indicating a 

severe need of USD funding. This is not true for the Euro FX swap market as the volume in 

the auctions was much lower. Consequently, we are more hesitant when analyzing these 

results. However, we still find deviations from CIP to be a significant driver of the Danish 

liquidity premium although it occurs later than in the US market. 

Furthermore, the escalating funding costs signify that Cibor reporting banks were forced to 

accept out of equilibrium swap prices in order to secure their funding. This analysis shows 

how important it was to facilitate Danish banks access to foreign currencies during the crisis. 

Thus, the interaction by Denmark’s National Bank was crucial to establish at least some sort 

of comfort in the market. 

                                                 
67 Denmark’s National Bank (2009) reports that 50 percent of the counterparties accounted for 97 percent of 
the total allotment in the Euro auctions, and 88 percent of the Dollar auctions. 
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Part 6: Conclusions 

The intention of this thesis was two-folded. Firstly, we wanted to determine whether the 

systematic risk in interbank markets increased during the recent financial crisis. Secondly, we 

wanted to examine the effects the crisis had on the Danish market. A framework combining 

empirical data with recent academic work was therefore designed.  

This conclusion evaluates the four main parts of the thesis. Part 2 briefly concludes on the 

econometric issues we experienced. Part 3 concludes on the decomposition. Part 4 concludes 

on the role of systematic risk and spillover effects in interbank markets. Part 5 concludes on 

the role of foreign exchange (FX) swaps in relation to the Danish liquidity premium. 

Ultimately, an overall conclusion is formulated.   

6.1 Conclusion: Data Analysis and Econometric Discussion 

In Part 2 we analyzed the time series after first introducing the various interest rates utilized in 

the thesis. As stated several times, it is important that the data fulfill the underlying 

assumptions of the econometric techniques. As we identified several issues that potentially 

could distort our results, proper action was taken in order to secure the accuracy of our 

estimates. 

6.2 Conclusion: Decomposition of the Risk Premiums 

In Part 3 we examined the key drivers of the risk premiums contained in unsecured interbank 

rates. Utilizing Credit Default Swap (CDS) data, we extracted a credit risk premium. After 

subtracting the credit risk premium from the overall risk premium, we assumed the remaining 

component to reflect liquidity risk. In other words, we decomposed the risk premium into two 

components: credit and liquidity. 

The decomposition revealed that there have been periodical shifts in the two components 

during the time period. However, we found the key driver of the risk premium to be liquidity 

risk. In the crisis period, the liquidity risk accounted in average for 83 percent of the total risk 

contained in the Danish risk premium. Comparable numbers for the US and the Euro area are 

50 and 74 percent, respectively.  

Moreover, the Danish risk premium was on average higher than both the US and the Euro 

area due to a higher liquidity component. To try to explain the persisting Danish liquidity 
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premium, we investigated the level of dispersion among Cibor reporting banks in Section 3.5. 

Although we found higher-than-normal dispersion among the offered rates in the aftermath of 

the Lehman collapse, the same linkage was not found in the period between September 2009 

and January 2010. This largely contradicts the general view of market participants, who 

argued that the quoted Cibor rates tended to vary more than usual. Consequently, we 

concluded that the higher Danish liquidity premium is prone to be affected by other market 

conditions than higher-than-normal dispersion.    

6.3 Conclusion: Spillover Effects in the Interbank Market 

In Part 4 we investigated whether the Danish interbank market was affected by market tension 

stemming from the US and the Euro area during the crisis period. Initially, utilizing 

correlation coefficients we revealed how the risk premiums moved in conjunction during the 

crisis period. Moreover, we showed how these high correlations could be interpreted as signs 

of increasing systematic risk in the interbank market.  

Further evidence of increasing systematic risk was found in the Principal Component 

Analysis (PCA). Here we revealed a transition from regional specific effects in the pre-crisis 

to a general market trend in the crisis period. Two regional effects were identified, one 

European and one US specific component. Moreover, we found the Danish market to 

correlate with the European specific component, which is expected given the Danish fixed 

exchange rate against the Euro. The crisis period was however characterized by a general 

market trend, thus indicating that escalating volatility from the financial turmoil translated 

into a common component for all markets, namely systematic risk.  

Although the analysis using cross-market correlations clearly signaled highly correlated 

interbank markets during the crisis period, two concerns with the method were recognized. 

Firstly, connecting increasing systematic risk to spillover effects is difficult as estimates of 

cross-market correlations often are biased and thus not reliable. In addition, the correlation 

analysis provided little information of neither the key drivers in the risk premiums nor the 

causal relationship between interbank markets. We therefore found it necessary to apply a 

Vector Autoregressive (VAR) framework, which is a more sophisticated method to analyze 

spillover effects. 

The VAR model was first used to identify Granger Causality, which unlike the correlation 

analysis allowed us to examine if spillover effects from the US and the Euro area generated 
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elevating Danish risk premiums. Our findings revealed that this was in fact true: The Danish 

interbank market was deeply correlated with tensions stemming from the US and the Euro 

area during the crisis period. 

To complement the Granger Causality we adopted other techniques utilizing the same VAR 

model. From impulse response functions we were able to quantify the effects of extreme 

market events: Tensions in US and the Euro area had a remaining impact on the Danish 

market, which allowed for a momentum effect that over time led to an elevated Danish risk 

premium.  

Since we were interested in the relative importance the US and the Euro area had on 

Denmark, the last section provided a variance decomposition of the risk premiums. The 

variance decomposition confirmed our earlier findings, but also revealed that the Granger 

Causality identified from the US towards the Danish market actually stemmed from an 

indirect impact through the Euro area in the pre-crisis period. Moreover, the analysis found 

the relationship to be direct in the crisis period as US shocks accounted for a large percentage 

of the variance of the Danish forecast errors.  

6.4 Conclusion: Shortages in the Foreign Exchange Swap Market 

In Part 5 we wanted to find a specific transmission channel which could explain why the 

Danish market was so directly affected by foreign market tension from the US and the Euro 

area. Providing motivation was a series of research papers on the severe mispricing that 

occurred in the foreign exchange (FX) swap market during the crisis. The FX swap market is 

where financial institutions can obtain foreign currencies such as USD and Euro. 

As the crisis evolved, it became apparent that many financial institutions were in desperate 

need of USD funding. Due to the subprime crisis, USD denominated assets decreased in value 

and thus induced new margin calls from the holders of these assets. As a result, the FX swap 

market turned very one sided with few sellers and many potential buyers of USD. 

Consequently, the cost of financing through FX swaps skyrocketed - effectively creating an 

extra premium for non-US banks in need of refinancing. We defined the extra premium as 

deviations from the well-established theory of Covered Interest Parity (CIP).  

Although not as clear-cut, a similar trend was also found within the Euro FX swap market. 

Our aim was therefore to study whether the Danish liquidity premium was correlated with the 
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extra premium Danish banks had to pay to obtain acute USD and Euro funding. From 

regression analyses we found positive and significant relationships between deviations from 

CIP and the Danish liquidity premium. It is therefore safe to say that increasing costs in the 

FX swap market did affect the Danish liquidity premium and thus the overall risk premium.  

6.5 Overall Conclusion 

This thesis accentuates how the interbank markets studied in this thesis were all collectively 

affected by the recent financial crisis. The bailout and collapse of major financial institutions 

sent shockwaves through the interbank market, effectively leading to risk premiums at levels 

never seen before. We demonstrate that most of this development is ascribed to increasing 

systematic risk, and more specifically, highly correlated interbank markets. Furthermore, we 

trace the development in the Danish market back to the development in the larger interbank 

markets of the US and the Euro area. These impacts are defined as spillover effects. 

Spillover effects have important policy implications as a turmoil occurring in one market may 

transmit to another markets. In this thesis we show how the recent crisis started as a purely 

financial crisis, before spreading to the real economy through the increase in credit risk. A 

correct monetary policy depends on whether the risk premiums are driven by liquidity or 

credit risk. Liquidity risk should be combated with liquidity injections into the financial 

system, while the focus should be on increasing capital buffers and access to credit if the key 

driver is credit risk. As we identify a transition from liquidity to credit risk through the crisis, 

a continuous analysis of the development is necessary to assure correct intervention. From the 

liquidity shortage in the FX swap market we show exactly how important central banks’ 

interventions are in order to correct for market irregularities.  
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Appendix 1.1 Page Count 

Page Count 

Number of characters (Text)  208,810 

Number of characters (Figures/Tables) 45 x 800 36,000 

Number of characters (Total)  244,810 

 

Appendix 1.2 The use of Cita as a Proxy for OIS Rates 

Test for Equality of Means Between Series 

Sample: 2/01/2006 29/01/2010 
    

Included observations: 1065 
    

Method df Value Probability   

t-test 2115 -1.269041 0.2046   

Satterthwaite-Welch t-test 2112.954 -1.269379 0.2044   

Anova F-test (1, 2115) 1.610464 0.2046   

Welch F-test (1, 2112.95) 1.611323 0.2044   

     
Category Statistics 

    
Variable Count Mean Std. Dev. Std. Err.of Mean 

CITA SWAP 3M 1065 3.291300 1.227527 0.037615 

CITA - 14-day MA diff(cita-repo) 1052 3.357601 1.175368 0.036238 

All 2117 3.324247 1.202064 0.026126 

     
Test for Equality of Variances Between Series 

Sample: 2/01/2006 29/01/2010 
    

Included observations: 1065 
    

Method df Value Probability   

F-test (1051, 1064) 1.090722 0.1581   

Siegel-Tukey   1.884929 0.0594   

Bartlett 1 1.991687 0.1582   

Levene (1, 2115) 3.835987 0.0503   

Brown-Forsythe (1, 2115) 1.939505 0.1639   
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Appendix 1.3 Comparison between Libor and corresponding Rates 

 
 

 

 
Source: Nordea Analytics 
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Appendix 2.1 Regression Analysis Target Interest Rates and OIS Rates 

SUMMARY OUTPUT 
     Dependent Variable: US Federal Reserve Target 

Rate 
    Regression Statistics 
    Multiple R 0.995 
    R Square 0.990 
    Adjusted R Square 0.990 
    Standard Error 0.211 
    Observations 1492 
    

      ANOVA 
       df SS MS F Significance F 

Regression 1 6533 6533 146813 0 

Residual 1490 66 0 
  Total 1491 6599     

 

        Coefficients Standard Error t Stat P-value 
 Intercept 0.167081336 0.00924218 18.07813027 3.33485E-66 

 US OIS Swap 3M 0.96390873 0.002515669 383.1619944 0 
  

SUMMARY OUTPUT 
     Dependent Variable: EMU ECB refi min bid rate 

   Regression Statistics 
    Multiple R 0.969 
    R Square 0.940 
    Adjusted R Square 0.940 
    Standard Error 0.283 
    Observations 1492 
    

      ANOVA 
       df SS MS F Significance F 

Regression 1 1859 1859 23220 0 
Residual 1490 119 0 

  Total 1491 1978     
 

        Coefficients Standard Error t Stat P-value 
 Intercept 0.705773272 0.016183678 43.61018875 1.9467E-268 

 Eonia Swap 3M 0.783822158 0.005143813 152.3815404 0 
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SUMMARY OUTPUT 
     Dependent Variable: Denmark Folio Account - Middle Rate 

   Regression Statistics 
    Multiple R 0.988 
    R Square 0.977 
    Adjusted R Square 0.977 
    Standard Error 0.173 
    Observations 1492 
    

      ANOVA 
       df SS MS F Significance F 

Regression 1 1875 1875 62463 0 
Residual 1490 45 0 

  Total 1491 1920     
 

        Coefficients Standard Error t Stat P-value 
 Intercept 0.011623785 0.012808204 0.907526554 0.364275162 

 Cita Swap 3M 0.911792126 0.003648258 249.9253751 0 
 

 

Appendix 2.2 Chow Structural Breakpoint Test 

Chow test 

 
F-Statistics 

Denmark 248.2*** 

Euro area 948.3*** 

US 135.27*** 

 

Appendix 2.3 Multicollinearity Test 

Correlations (squared values represent R2) 
Pre-Crisis Period 02.01.2006 - 08.08.2007 

 
Denmark Euro area US 

Denmark 1 
  Euro area 0.0069 1 

 US 0.2302 0.2540 1 

Crisis Period 09.08.2007 - 31.01.2010 

Denmark 1 
  Euro area 0.8041 1 

 US 0.65819 0.913 1 
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T-statistics 
Pre-Crisis Period 02.01.2006 - 08.08.2007 

 
Denmark Euro area 

Denmark 
  Euro area 0.17 

 US 5.71*** 6.34*** 

Crisis Period 09.08.2007 - 31.01.2010 

Denmark 
  Euro area 40.84*** 

 US 26.37*** 67.43*** 

 

 

Appendix 2.4 Augmented Dickey-Fuller Test (First Difference, Crisis Period) 

The Augmented Dickey-Fuller Test 
Crisis Period 09.08.2007 - 31.01.2010 

    Denmark Euro area US 
Type Lags Tau-statistics 

Single mean 0 -33.54 -29.74 -28.14 
  1 -21.03 -18.34 -22.34 
  2 -17.08 -14.64 -16.61 

Trend 0 -33.74 -29.91 -28.22 
  1 -21.20 -18.47 -22.47 
  2 -17.27 -14.77 -16.74 

 

Appendix 3.1 List of Financial Institutions included in the CDX Index 

Short Name Reference Obligation Av Rating Sector Weight 
ACE Ltd ACE-INAHldgs 8.875 15Aug29 A Financial 0.800% 
Aetna Inc. AET 6.625 15Jun36 BondCall A Financial 0.800% 
Amern Express Co AXP 4.875 15Jul13 A Financial 0.800% 
Amern Intl Gp Inc AIG 6.25 01May36 Struc BBB Financial 0.800% 
Boeing Cap Corp BA-CapCorp 5.8 15Jan13 A Financial 0.800% 
Cap One Bk USA Natl Assn COF-BNKNA 5.125 15Feb14 A Financial 0.800% 
Cigna Corp CI 7.875 15May27 BBB Financial 0.800% 
ERP Oper Ltd Pship EQR-ERPOperLP 5.75 15Jun17 A Financial 0.800% 
Gen Elec Cap Corp GE-CapCorp 5.625 15Sep17 AA Financial 0.800% 
Intl Lease Fin Corp AIG-IntLeaseFin 4.15 20Jan15 BondPut BB Financial 0.800% 
Marsh & Mclennan Cos Inc MMC 5.375 15Jul14 BBB Financial 0.800% 
MetLife Inc MET 5 15Jun15 BondCall A Financial 0.800% 
Simon Ppty Gp L P SPG-LP 5.25 01Dec16 BondCall A Financial 0.800% 
Allstate Corp ALL 6.75 15May18 BBB Financial 0.800% 
Chubb Corp CB 6.6 15Aug18 A Financial 0.800% 
Hartford Finl Svcs Gp Inc HIG 4.75 01Mar14 BBB Financial 0.800% 
UnitedHealth Gp Inc UNH 4.875 01Apr13 A Financial 0.800% 
Vornado Rlty LP VNO-LP 3.875 15Apr25 Struc BBB Financial 0.800% 
Wells Fargo & Co WFC Frn 28Oct15 AA Financial 0.800% 
XL Cap Ltd XL 5.25 15Sep14 BBB Financial 0.800% 

 



 

120 of 130 

 

Appendix 3.2 Summary Statistics of Credit and Liquidity Factors 

Panel A: Summary Statistics Credit Factor Denmark Euro area US 

Pre-Crisis Period (Jan 07 - 8. Aug 07)       

Mean 1.22 1.68 6.50 

Std 0.47 1.06 1.38 

Min 0.86 1.20 5.07 

Max 4.07 8.53 13.61 

Crisis Period (9. Aug 07 - Jan 10)       

Mean 13.31 15.42 21.80 

Std 6.60 5.87 8.17 

Min 2.34 3.53 7.87 

Max 28.98 33.64 44.56 

    
Panel B: Summary Statistics Liquidity Factor       

Pre-Crisis Period (Jan 07 - 8. Aug 07)       

Mean 3.81 3.61 1.59 

Std 1.02 1.08 0.91 

Min 1.76 -2.03 -1.69 

Max 6.22 6.61 5.79 

Crisis Period (9. Aug 07 - Jan 10)       

Mean 67.52 53.40 52.86 

Std 35.19 35.06 55.36 

Min 2.30 -0.35 -7.41 

Max 188.02 180.76 328.94 
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Appendix 3.3 Peak Analysis of the Risk Premiums 
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Appendix 4.1 Correlation between Interbank and OIS Rates 

Correlations 
Pre-crisis  02.01.2006 - 08.08.2007 
  Cibor Cita   

Euribor 0.9988     

Eonia   0.9987   

Appendix 4.2 3-Month Rolling Cross-Market Correlations 

 

Appendix 4.3 Regression Analysis of Principal Component 1 

SUMMARY OUTPUT 
     Dependent variable: US Risk Premium 

    Regression Statistics 
    Multiple R 0.9267 
    R Square 0.8587 
    Adjusted R Square 0.8586 
    Standard Error 22.54 
    Observations 907 
    

      ANOVA 
       df SS MS F Significance F 

Regression 1 2795778.21 2795778.21 5501.22 0 
Residual 905 459930.63 508.21 

  Total 906 3255708.84       

        Coefficients Standard Error t Stat P-value 
 Intercept 75.26 0.75 100.55 0.00 

 Principal Component 1 34.51 0.47 74.17 0.00 
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SUMMARY OUTPUT 

Dependent variable: Euro area Risk Premium 
    Regression Statistics 
    Multiple R 0.9780 
    R Square 0.9564 
      Adjusted R Square 0.9564 
    Standard Error 7.62 
    Observations 907 
    

      ANOVA 
       df SS MS F Significance F 

Regression 1 1152873.96 1152873.96 19862.95 0 
Residual 905 52527.50 58.04 

  Total 906 1205401.46       

        Coefficients Standard Error t Stat P-value 
 Intercept 69.40 0.25 274.33 0.00 

 Principal Component 1 22.16 0.16 140.94 0.00 
  

 

 
SUMMARY OUTPUT 

     Dependent variable: Danish Risk Premium 
    Regression Statistics 
    Multiple R 0.8792 
    R Square 0.7730 
    Adjusted R Square 0.7728 
    Standard Error 18.73 
    Observations 907 
    

      ANOVA 
       df SS MS F Significance F 

Regression 1 1081024.03 1081024.03 3082.04 0 
Residual 905 317428.53 350.75 

  Total 906 1398452.56       

        Coefficients Standard Error t Stat P-value 
 Intercept 81.51 0.62 131.07 0.00 

 Principal Component 1 21.46 0.39 55.52 0.00 
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Appendix 4.4 Cholesky Decomposition of VAR Residual Correlations 

Pre-Crisis Period 

Following Marekwica (2010) we apply Cholesky decomposition to the matrix  

𝐵 = �
1 0.12 0.08

0.12 1 0.70
0.08 0.70 1

� 

𝑃11 = �B11 = √1 = 1 

𝑃21 =
𝐵21
𝑃11

=
0.12

1
= 0.12 

𝑃22 = �B22 − P212 = �1 − 0.122 = 0.9928 

𝑃31 =
𝐵31
𝑃11

=
0.08

1
= 0.08 

𝑃32 =
𝐵32 − 𝑃31𝑃21

𝑃22
=

0.70 − 0.08 ∗ 0.12
0.9928

= 0.6954 

𝑃33 = �B33 − P312 − P322 = �1 − 0.082 − 0.69542 = 0.7142 

After Cholesky decomposition: 𝑃 = �
1 0 0

0.12 0.9928 0
0.08 0.6954 0.7142

� 

Thus, 𝑃𝑃′ = 𝐵 

Crisis Period 

Similar transformation is done for the crisis period: 𝐵 = �
1 0.33 0.04

0.33 1 0.47
0.04 0.47 1

� 

After Cholesky decomposition: 𝑃 = �
1 0 0

0.33 0.944 0
0.04 0.484 0.8742

� 
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Appendix 4.5 VAR Selection Criteria  

VAR Lag Order Selection Criteria (Pre-Crisis) 
Endogenous variables: SPREAD_US SPREAD_EU SPREAD_DK  
Exogenous variables: C  

     Sample: 2/01/2006 8/08/2007 
    Included observations: 576 

     
        Lag LogL LR FPE AIC SC HQ 

0 -3111.39 
 

  10.81 10.84 10.82 
1 -1782.53 2639.25 0.10 6.23 6.32 6.27 
2 -1748.73 66.77 0.09 6.14 6.30 6.21 
3 -1733.27 30.39 0.09 6.12 6.35 6.21 
4 -1719.51 26.90 0.09 6.11 6.40 6.22 
5 -1712.66 13.33 0.09 6.11 6.48 6.25 
6 -1693.69 36.68 0.09 6.08 6.51 6.25 
7 -1684.29 18.09 0.09 6.08 6.58 6.27 
8 -1671.52 24.44 0.09 6.06 6.63 6.29 

       
     LR: sequential modified LR test statistic (each test at 5% level) 

  FPE: Final prediction error 
      AIC: Akaike information criterion 

     SC: Schwarz information criterion 
     HQ: Hannan-Quinn information criterion 

 
 
 
 
 

   VAR Lag Order Selection Criteria (Pre-Crisis) 
Endogenous variables: SPREAD_US_LN SPREAD_EU_LN SPREAD_DK_LN  
Exogenous variables: C  

     Sample: 2/01/2006 8/08/2007 
    Included observations: 440 

     
        Lag LogL LR FPE AIC SC HQ 

0 808.44   0.00 -3.66 -3.63 -3.65 
1 854.21 90.72 0.00 -3.83 -3.72 -3.78 
2 865.85 22.89 0.00 -3.84 -3.65 -3.76 
3 874.51 16.93 0.00 -3.84 -3.56 -3.73 
4 887.86 25.91 0.00 -3.86 -3.50 -3.72 
5 900.22 23.82 0.00 -3.87 -3.43 -3.70 
6 908.28 15.42 0.00 -3.87 -3.34 -3.66 
7 923.43 28.79 0.00 -3.90 -3.28 -3.66 
8 929.70 11.83 0.00 -3.89 -3.19 -3.61 

       
    LR: sequential modified LR test statistic (each test at 5% level) 
 FPE: Final prediction error 

     AIC: Akaike information criterion 
     SC: Schwarz information criterion 
     HQ: Hannan-Quinn information criterion 
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VAR Lag Order Selection Criteria (Crisis) 
Endogenous variables: SPREAD_US SPREAD_EU SPREAD_DK  
Exogenous variables: C  

     Sample: 9/08/2007 31/01/2010 
    Included observations: 907 

     
        Lag LogL LR FPE AIC SC HQ 

0 -12831.17 
 

  28.30 28.32 28.31 
1 -7154.54 11303.19 1464.25 15.80 15.87 15.83 
2 -7092.15 123.82 1301.62 15.68 15.80 15.73 
3 -7072.48 38.90 1271.36 15.66 15.82 15.72 
4 -7063.28 18.12 1270.82 15.66 15.87 15.74 
5 -7056.77 12.80 1277.82 15.67 15.92 15.76 
6 -7046.08 20.93 1273.08 15.66 15.97 15.78 
7 -7036.09 19.50 1270.32 15.66 16.01 15.79 
8 -7026.53 18.60 1268.76 15.66 16.06 15.81 

         
    LR: sequential modified LR test statistic (each test at 5% level) 

  FPE: Final prediction error 
      AIC: Akaike information criterion 

     SC: Schwarz information criterion 
     HQ: Hannan-Quinn information criterion 

    

 
VAR Lag Order Selection Criteria (Crisis) 

Endogenous variables: SPREAD_US_LN SPREAD_EU_LN SPREAD_DK_LN  
Exogenous variables: C  

     Sample: 9/08/2007 31/01/2010 
    Included observations: 907 

     
        Lag LogL LR FPE AIC SC HQ 

0 4816.47   0.00 -10.61 -10.60 -10.61 
1 4885.87 138.19 0.00 -10.75 -10.68 -10.72 
2 4922.60 72.91 0.00 -10.81 -10.70 -10.77 
3 4928.65 11.96 0.00 -10.80 -10.64 -10.74 
4 4932.62 7.83 0.00 -10.79 -10.58 -10.71 
5 4941.56 17.56 0.00 -10.79 -10.54 -10.69 
6 4960.85 37.78 0.00 -10.81 -10.51 -10.70 
7 4974.98 27.56 0.00 -10.82 -10.47 -10.69 
8 4988.84 26.96 0.00 -10.84 -10.44 -10.68 

       
    LR: sequential modified LR test statistic (each test at 5% level) 
 FPE: Final prediction error 

     AIC: Akaike information criterion 
     SC: Schwarz information criterion 
     HQ: Hannan-Quinn information criterion 
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Appendix 4.6 Estimation Results of Pre-Crisis VAR(4) and Crisis VAR(3) 

Regression 

VAR(4) Pre-Crisis   VAR(3) Crisis 

US Spread EU Spread DK Spread   US Spread EU Spread DK Spread 

Constant   0.915** 0.740*** 0.845***   0.783** 0.895*** 0.698** 

t-value   2.43 3.17 3.10   2.13 4.38 1.96 

US(t-1) 
 

0.636*** 0.012 -0.017 
 

1.260*** 0.038* 0.083** 

t-value 
 

15.135 0.456 -0.568 
 

35.400 1.898 2.413 

US(t-2)   0.069* 0.128*** 0.128***   -0.268*** -0.014 -0.082 

t-value   1.37 4.07 3.50   -4.79 -0.45 -1.48 

US(t-3) 
 

0.064 -0.116*** -0.090** 
 

0.010 -0.003 0.012 

t-value 
 

1.248 -3.648 -2.427 
 

0.28 -0.14 0.33 

US(t-4)   0.118*** 0.057** 0.034         

t-value   2.74 2.14 1.09         

EU(t-1) 
 

-0.043 0.567*** -0.178** 
 

0.228*** 1.038*** -0.165** 

t-value 
 

-0.452 9.488 -2.551 
 

3.18 26.08 -2.39 

EU(t-2)   0.005 0.206*** 0.062   -0.004 0.133** 0.353*** 

t-value   0.05 2.88 0.75   -0.03 2.29 3.51 

EU(t-3) 
 

0.077 -0.002 0.040 
 

-0.234*** -0.204*** -0.191*** 

t-value 
 

0.667 -0.023 0.479 
 

-3.29 -5.14 -2.78 

EU(t-4)   -0.051 0.004 -0.123*         

t-value   -0.54 0.07 -1.78         

DK(t-1) 
 

-0.023 -0.057 0.729*** 
 

-0.078** 0.002 1.024*** 

t-value 
 

-0.288 -1.128 12.352 
 

-2.00 0.08 26.97 

DK(t-2)   -0.050 -0.074 0.044   0.017 -0.276 -0.114** 

t-value   -0.48 -1.14 0.59   0.31 -0.89 -2.11 

DK(t-3) 
 

-0.052 0.083* 0.048 
 

0.059 0.024 0.071* 

t-value 
 

-0.499 1.289 0.638 
 

1.51 1.09 1.89 

DK(t-4)   0.152* 0.015 0.132**         

t-value   1.86 0.30 2.23         

Adjusted R2 
 

0.660 0.538 0.905 
 

0.995 0.996 0.989 

S.E Equation   0.968 0.602 0.702   4.282 2.382 4.146 
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Appendix 4.7  Different Cholesky Ordering: EU, US, DK 

Pre-Crisis Period 

 
 

Variance Decomposition EUR 

 Period S.E. SPREAD_EU SPREAD_US SPREAD_DK 

 1 0.60 100 0 0 

 5 0.81 94 5 2 

 10 0.89 86 11 3 

 25 0.98 74 22 4 

 30 0.99 73 23 4 

  

 
 
 
 
 

  
Variance Decomposition US 

 Period S.E. SPREAD_EU SPREAD_US SPREAD_DK 

 1 0.97 1 99 0 

 5 1.36 1 99 0 

 10 1.56 1 99 0 

 25 1.73 1 98 1 

 30 1.74 1 97 1 
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Variance Decomposition DK 

 Period S.E. SPREAD_EU SPREAD_US SPREAD_DK 

 1 0.70 49 0 51 

 5 1.01 38 1 60 

 10 1.21 28 2 70 
 3 
0 1.66 16 2 83 

 

 

Crisis Period 

 
 

 

Variance Decomposition EUR 

 Period S.E. SPREAD_EU SPREAD_US SPREAD_DK 

 1 2.38 100 0 0 

 5 6.31 98 2 0 

 10 9.40 93 6 0 

 25 15.71 71 28 1 

 30 17.52 63 35 1 
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Variance Decomposition US 

 Period S.E. SPREAD_EU SPREAD_US SPREAD_DK 

 1 4.28 11 89 0 

 5 13.06 20 79 1 

 10 19.85 21 78 1 

 25 33.22 16 83 1 

 30 36.60 15 84 1 

   

 
 
 

 
Variance Decomposition DK 

 Period S.E. SPREAD_EU SPREAD_US SPREAD_DK 

 1 4.15 22 1 77 

 5 8.90 24 0 75 

 10 12.14 28 1 71 

25 17.77 32 7 62 

30 19.14 32 10 58 

 

 

Appendix 5.1 CIP Deviation from Euro FX Swap Implied USD Rate 
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