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Background and Problem Discussion: The determinants of interest rate swap 

have been a puzzle for many researchers in the past years. In this paper, I will 

use the U.S. interest rate swap market as an example. 

Purpose: The purpose of this thesis is to create a model to be able to analyze 

the determinants of interest rate swap. 

Method: Cointegration model and Error Correction model. 

Theory: Based on the Economic theory, I have looked at different concepts that 

come up when analyzing how the determinants of interest rate swap. Therefore I 

have chosen the most basic theory of determining the interest rate swap. 

Analysis: I have made up my own model to determinate the driving force of 

interest rate swap. 

Conclusion: Based on my test results, I found out that the interest rate swap 

spread is positively correlated with the default premium in corporate bond 

market.  Due to the limited size of available data set, I can’t see very strong 

correlation. Overall it is very hard for me to draw any strong conclusions.  

However, there are two relatively two strong correlations; the interest rate swap 

spread is correlated with default premium in corporate bond market and the 

government budget deficit index. 
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Abstract 
The interest rate swap is one of the most popular topics that researchers work on since 

1980s.  Even though there are so many research papers that are about the determinant 

factors of interest rate swap, it shows the limited explanation. I have conducted the 

cointegration test on each pair of variables based on the financial and macroeconomic 

theory.  My testing results show that the interest rate swap spread is correlated with 

default premium in corporate bond market and the government budget deficit index while 

other assumed determinant variables have weak impacts on the swap spread.  

. 
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1. Introduction 

1.1 Background 

An interest rate swap is a contractual agreement between two parties to exchange a series 

of interest rate payments without exchanging the underlying debt based on an agreed 

upon notional principal, maturity and predetermined fixed rate of interest or floating 

money market index.  A large number of empirical researches show that interest rate 

swaps are one of the major financial innovations since 1980s and the most popular 

derivative contracts used by U.S. firms (In, Brown and Fang, 2003). The interest rate 

swap market is one of the most important fixed-income markets in the trading and 

hedging of interest risk.  In 1999, the notional outstanding volume of transactions of 

swaps was reached to amount to over US$ 40.79 trillion (Fang & Mulijono, 2001).  

According to the several surveys of income markets in the trading and hedging results, 

the annual amount of new business in interest rate swaps has increased from US $388 

billion in 1987 to over US$ 17 trillion in 1997, an increase over 4200% (Bondnar, Hayt, 

Marston, and Smithson, 1995).  There is more than US$51 trillion amount outstanding in 

interest rate swaps by June 2001 based on the Bank for International Settlements (2002).   

Many academics have done a lot of research to try to understand the theoretical and 

empirical analysis of swap pricing models.  Duffie and Huang (1997) argues that swap 

spreads as a risk premium to compensate swap counterparties for various risks being 

undertaken such as interest rate risks, default risks and liquidity risks. At the same time, 

Lang, Litzenberger and and Liu argue for the swap as a non-redundant security creates 

surplus and swap counterparties share this surplus to compensate their risk which affect 

swap spreads.  However, most of the literature on interest rate swap spread is only 

focused on identifying determinant risk factors that affect the movements of the swap 

spread since people still try to figure out why the interest rate swaps spreads fluctuates so 

much.   
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1.2 Objective of this Paper 

My paper is to reexamine the driving force of swap spread changes in the U.S. interest 

rate market.  I try to find out the driving force of interest rate swap in the different 

maturity by applying the econometric techniques such as cointegration test, unit root test, 

and GARCH model with different error correction models.  There are three important 

innovations in this paper.  First, I added two additional important determinant factors that 

are budget deficit and business cycle in the regression of determinant of the swap spread 

because I believe that budget deficit and business cycle are the determinant factors in the 

regression model.  Second, I believe, based on the economic theory, that there might have 

strong cointegration between budget deficit and business cycle.  Even though the test 

results show that cointegrating relationship between the dependent variable and 

independent variables across maturities is not exactly one-to-one as I expected, it still 

shows a close relationship between budget deficit and business cycle.  Third, I add three 

error correction models (ECM) in the GARCH model to analysis the short-run dynamic 

relationships between those variables in order to catch the true nature of interest rate 

swap. 

1.3 Disposition of this paper 

First, I have empirical evidence provided by Sun et al (1993) and Duffie and 

Singleton (1997) that the importance of credit risks in pricing interest rate swap contract.  

In the Duffie and Singleton (1997) paper, they discuss the spread in the terms of default 

risk in the swap market by using the empirical finding to develop a term structure model 

of swap yields. 

Second, researchers have shown that swap spreads behave differently from corporate 

bond spreads. Sun et al (1993) find that swap spread are not as cyclical as A-rated 

corporate spreads which means AAA bid rates are significantly lower that the A bid rates. 

On the other hand, In, Brown and Fang (2003), investigates the relationship between the 

change of swap spread and change in the general level of interest, Liquidity volatility 

default premium slope of yield curve, and Treasury volatility.   
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Third, besides the literature on the determinants of the interest rate swap spread and 

the term structure of swap yields, this paper is reexamine empirically the determinants of 

swap spread changes in the U.S. interest rate market. The author tries to build a deeper 

understanding of the dynamic evolution of swap spread.  The regressions of the 

determinants of the swap spread are run individually for swap spreads of different terms 

to maturity.  

Fourth, I will discuss the determinants of swap prices and spreads with my data 

description. Fifth, I would show my empirical methodology to test swap spread change. 

Sixth, I will present the main empirical results and discussions. Lastly I will draw 

conclusion based on my research results and give further research suggestions at the same 

time.  
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2. Literature Review 

2. 1 Basics of interest rate swaps 

A “plain vanilla” interest rate swap is a company agrees to pay cash flows equal to 

interest at a predetermined fixed rate on a notional principal for a number of years (J. 

Hull, 2005).  In other words, one party promised to pay a fixed rate of interest (swap rate) 

while the other party promises to pay a fixed rate of interest rate at each periodic interval 

in a simple fixed/floating rate swap.  An interest rate swap can be used to transform a 

floating-rate loan into a fixed-rate loan or vice versa. The swap rate is usually determined 

by the market forces and is in effect the price of the swap.  The major empirical research 

about the interest swap spread is what determines interest rate swap spreads since these 

spreads have varied from a low roughly 25 basis points to more than 150 basis points 

sometimes moving violently.  There are a lot of early research papers showing that the 

interest rate swaps lowers financing costs by proving the opportunity to arbitrage 

mispricing of credit risk.  However, Bricksler pointed out that the inception of interest 

rate swap was coincided with a period of tremendous volatility in U.S. market interest 

rates which result in the rapid growth of interest rate derivatives on the part of firms to 

hedge cash flow against the impact of interest rate volatility (Bicksler, 2000) 

2.2 Interest rate swap spread background  

Most literature defined the swap spread as the major pricing variable that is the 

difference between the interest rate swap rate and the par value of the Treasury bond rate 

of same constant maturity.  However, it is not always this case based on my observation 

in the interest rate swap market. The main arguments of existing theoretical and empirical 

work on the determinant factors on swap spread are usually boiled down to the default 

probability of the counterparties, general level of interest rate, supply/demand shocks of 

the swap-specific-market, and volatility of interest rate as well as Treasury bill-LIBOR 

spread and the corporate bond quality spread.  The most popular explanation of the 

default risk is the differential between corporate bond spread and the slope of the yield.  
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As to the slope of the yield curve which is used as the predicted future interest rate 

presents the negative relationship with the swap spread on the condition of the economic 

development situation.to the bank lending, which gives the commercial banks the 

advantage to dominate the interest rate swap market (Smith, et al, 1986).  

2.3. Literature Results 

Most existing literature on interest rate swap spread is based on identifying 

determinant risk factors in the swap spread. There are two main contributions from the 

previous literature which are Treasury-swap spread in Treasury market and the spread in 

terms of default risk in the swap market.  

Duffie and Singleton (1999, 1997) developed a multi-factor econometric model of the 

term structure of interest rate swap yields, which demonstrates the impact of counterparty 

default risk and liquidity differences between Swap and Treasury Securities markets on 

the spread. At the same time the most representative framework for studying the 

determinants driving interest rate swap spreads is provided by Sun et al. (1993) observed 

the effect of counterparties’ different credit rating (AAA and A) on swap rate bid –offer 

spread.  Although the AAA bid rates are significantly lower than the A bid rates, the 

AAA offer rates are significantly higher than the A offer rates. Furthermore, Sorensen 

and Bolllier (1994) argued that the price of the default risk depends on the value of two 

options, which in turn relies on the slope of yield curve and the volatility of the short term 

interest rate.  On the contrary, Smith et al. (1988) examined the interest rate swap spread 

under the assumption of no default, no liquidity risk, and the fixed rate of interest rate 

swap presented as the yield on a coupon-paying government bond.  Also Grinblatt (1995) 

presented a framework to analyse the spreads under the assumption that simple interest 

rate swaps are default free. He argued that the liquidity difference between government 

bonds and short-term Eurodollar borrowing is the reason for the spread between discount 

rates used to value swaps and government bonds. The high liquidity of government bonds 

results in a liquidity premium, which is lost to an investor who receives fixed payment in 

a swap agreement. Therefore, the swap spreads are determined by the present value of 

current and future liquidity premium in his framework.  In addition to that, there are some 
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other models trying to relate the corporate yields to the swap rates, which are called 

LIBOR swap spread. Brown et al. (1994) stated that interest rate swap spreads as 

functions of proxies for expected future levels of LIBOR over Treasury securities spreads 

and different measures of credit risk and hedging costs of the swap counterparties. All 

these variables are relevant to the swap spreads, but their relative importance fluctuates 

with the maturities of swaps. Dufresne and Solnik (2001) developed a model in which the 

default risk is enclosed in the swap term structure that is sufficient to explain the LIBOR-

swap spread. Although the corporate bonds carry risk, they argued that the swap contracts 

are free of risk, since those contracts are indexed on credit-quality LIBOR rate. 

Accordingly, the swap spread between corporate yields and swap rates should express the 

market’s expectations on credit quality of corporate bond issuers.  

Later on there are recent researchers who extend the investigation of the variation of 

interest rate swap spread by including some other possible determinant factors for 

example expected LIBOR spreads and swap market structure. Brown, Harlow, and Smith 

(1994) and Nielsen and Ronn (1996) introduced the LIBOR spread component.  LIBOR 

rates are usually higher than the Treasury rates of the same maturity, as a result that the 

difference is often referred to as the LIBOR spread.  In this context, the swap sellers 

expect to pay a rate which is higher than the variable rate by the amount of LIBOR 

spread, thus the need to be compensated by a higher fixed rate leads to a positive swap 

spread.  

The demand/supply shocks in the swap market will influence the swap spread  due to 

the nature of swap market structure on swap spread. Such shock is derived from the 

original motivation of the swap market participants who try to arbitrage the debt market 

imperfection. Wall (1989) and Titman (1992) show that some borrowers prefer the to pay 

the fixed rate of swap when facing the market imperfection, such as the potential distress 

costs and asymmetrical information. Accordingly, the partly decreased or eliminated debt 

market imperfection creates the swap spread surplus for the swap contract counterparties.  

Overall the determinant factors causing the variation of the interest rate swap spread 

is still very complicated and puzzled for researchers. Besides the individual determinant 

variable, the maturity of the swap contract can also account for the changes in the swap 
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spread.  Sun et al. (1993) found that the swap spreads generally increase with maturity in 

his empirical study of the swap rate. At the same time, Minton (1997) extended his study 

and drew the conclusion that interest rate swap spreads are not only related to the level 

and slope of the term structure, credit risk and liquidity premium, but also to the 

maturities.   
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3.Data  

3.1 Source Data  

First of all, I obtained the monthly data of interest rate swap rates and constant 

maturity Treasury rates of maturity of 2, 5, 7 and 10 years from Datastream and Ecowin 

in order to examine the behaviour of determinants of interest rate swap spread 

empirically.  At the same time, I obtained 90-day Treasury rates, double A and triple A 

corporate bond rates from Ecowin.  Due to the data limitations, there are only a total of 

106 observations from the sample period starting from June 30, 1998 to March 31, 2007.  

Secondly, I determine the interest rate swap spread by taking the difference between 

interest rate swap rate and the constant maturity Treasury rates of the same maturity. In 

Figure 1 and 3, I plot the movement of interest rate swap rates and interest rate swap 

spreads for all maturities. The slope of the yield curve is calculated as the difference 

between 10-year Treasury rate and 90-day constant maturity Treasury rate. I use the 

unemployment rate as proxy for the variation of business cycle. The difference between 

double A and triple A corporate bond rates used as the proxy of default premium. Finally, 

the implied volatility of Equity market and Treasury market are obtained by calculating 

the daily observations of S&P 500.  
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Fig. 1. The movements of swap rates, quarterly data.  
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Fig. 2. The movement of Treasury Rates  
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Figure 1 shows the swap rates of 2-, 5-, 7- and 10-year maturity during the period of 

June 1998 to December 2006, which represents the short, medium and long term swap 
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rates, respectively. As the graph shows, swap rates have climbed up since December 

1998. Short-term swap rates peaked up to long-term swap rates while the short-term yield 

curve moved above the long-term yield curve during December 1999 to February 2001 

showed by the graph in Figure 2. From March 2001 to September 2005, the short-term 

swap rates have generally declined; the short-term swap rate move along the same 

direction as yield curves. Hence, it is very clear that the swap rates vary with the changes 

in yield curves of Treasury bonds.  

 

Fig. 3. The movement of Swap spreads 
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Figure 3 graphs the movements of swap spreads during the sample period. Clearly, 

the movements in short, medium and long term maturities show the strong tendency to 

move together.  
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3.2 Interest rate swap spread 

 

Interest rate swap spread is determined by the difference between swap rate and 

Treasury rate of same constant maturity. In my thesis paper, I defined swap rate as the 

fixed rate of interest that makes the value of the swap equal to zero at the contract date  

 

Figure 4 shows the movements of swap spreads of 2-, 5- 7-, and 10-year maturity 

during the chosen sample period. It is clearly shown that the movements in short, medium 

and long term maturities have tendency to move together all the time. However, I it is 

observed that there is a peak at the end of 90s and beginning of 2000. The explanation 

could be that the financial crisis in 1998 might imply both a default risk event and a 

liquidity event. 

 

Figure 4: The movement of Swap spreads 
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3.3 Explanatory variables 

Changes in slope of the yield curve. Based on the previous research results, there is a 

need for variables that can summarize the information in the Treasury Securities yields. 

In line with those research results, I included the slope of yield curve into my model and 

defined the slope of the yield curve as the difference between 10-year and 90-day 

Treasury securities yields. Besides the expected contributions to variation of swap 

spreads, this proxy variable is also interpreted as an indication of expected future short-

term interest rate as well as an indication of overall economic health.  

 

Changes in implied volatility of Treasury market. There is strongly close correlation 

between swap rates and government bond yields over long-term maturity based on 

economic theory.  I believe the volatility in Treasury market have impact on movement 

of swap spreads. To better integrate this variable into swap spread investigation, I use the 

implied volatility as a proxy of the volatility of Treasury market. The implied volatility of 

an option contract is the volatility implied by the market price of the option based on an 

option-pricing model. More specifically, the volatility, given a particular pricing model 

such as Black-Shole model, yields a theoretical value for the option equal to the current 

market price. This allows some non-option financial instruments such as Treasury bonds 

having embedded optional, to also have an implied volatility. 

 

Changes in default premium. Even though the default premium has been considered 

the basic determinant factor on variation of swap spread, there are no strong statistically 

consistent empirical evidence on the relationship between default risk premium and swap 

spread changes has not been proved even though. However, I would still like to include 

this variable into my model. The standard way is to assume that default risk in swaps can 

be precisely proxied with the information from the corporate bond market as noted by 

Milas (2001). In my paper, I define the default premium as the difference between double 

A and triple A corporate bond yields of same constant maturities.  
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Changes in implied volatility of Stock market. Similar rationale as above discussion, I 

need a variable which can catch the information in stock market. Theoretically, there is 

negative co-movement between the default probability and the stock price. Therefore, I 

include the volatility in the stock market has its role in the swap spread changes.  

I obtain this proxy variable by calculating the standard deviation of the daily 

observations from S&P 500, the theoretically rationale of using implied volatility is 

similar to that of implied volatility of Treasury market as explained above. Furthermore, 

since the value of the option increases with the volatility, it implies that the swap spread 

should increase with the volatility as well. On the other hand, an increased volatility 

implies that the probability of default increases as well.  

Changes in Budget Deficit.  There is only a limited study on this variable as a 

determinant risk factor on swap spread. The reason I want to include this variable into our 

model is the issuance of government bond increases with the increases in government 

budget deficit based on the economic theory,. Therefore, I consider that the Treasury 

rates might climb up or decline due to the demand/supply shock in Treasury bond market. 

Accordingly, I predict that a change in swap spread is related to the change in budget 

deficit. In my paper, I define this explanatory variable by using the monthly government 

budget deficit index.  

Changes in Business Cycle.  Lizenberger (1992) argued that default risk allocation 

between swap counterparties varies with the business cycle; hence this variable should be 

controlled while testing the impact of default risk on swap spread.  However, he did not 

show how exactly default risk allocation varies with business cycle.  Furthermore, there 

are really limited researches regarding to this variable. These questions motivate me to 

include this variable into my model. In this paper, I use U.S monthly unemployment rate 

as a proxy viable for business cycle. 
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4. Methodology 
I present the empirical hypothesis, explanations of variables, GARCH model, 

cointegration model and methodology and GARCH model with three different versions 

of Error Corrections terms.  I arrive at the following empirical hypothesis based on the 

literature review, availability of reliable data, and my research objectives. 

4.1. Hypotheses: 

• The IR swap spread will be related negatively correlated with the slope of 

yield curve of Treasury Securities.  

• The IR swap spread will be positively correlated with the implied Stock 

market volatility.  

• The IR swap spread will be positively correlated with the default premium in 

corporate bond market.  

• The IR swap spread will be positively correlated with the business cycle.  

• The IR swap spread will be positively correlated with the implied Treasury 

market volatility. 

• The IR swap spread will be positively correlated with the government budget 

deficit index. 

Accordingly, the appropriate regression equation can be used to test the effects of 

determinant factor of interest rate swap spread is as follows: 

 

tititi BCBD ,6,5, εββ +++           (5.6) 

i =1, 2, 3, 4 imply the maturity of the swap contract (2Y, 5Y, 7Y and 10Y) and ti,ε  ~ 

[ ]t
2,0 σ . 

titititiiti ySvolatilityTvolatilitslopeDPswapspread ∆+∆+∆+∆+=∆ 4,3,2,1,0,, ββββα
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Where, tswapspread∆ , tDP∆ , tslope∆ , tyTvolatilti∆ , and tySvolatilit∆  are the first 

difference of tswapspread , tDP , tslope , tyTvolatilit , and tySvolatilit  respectively.  
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4.2 Explanation of Variables 

 

tswapspread∆  ,which is determined by the difference between swap rate and 

Treasury yield of same constant maturities.  

tDP∆ , changes in the default premium which is determined by the difference between 

interest rate of AA corporate bond and interest rate of AAA corporate bond of same 

constant maturities.  

tslope∆ , changes in the slope of yield curve of Treasury Securities which is 

determined by the difference between government bond of 10 year maturity and 90 days 

maturity. 

tyTvolatilit∆ , is the implied Treasury market volatility which is obtained by 

calculating the standard deviation of the daily observations from S&P 500.  

tySvolatilit∆ , is the implied volatility of Stock market which is obtained by 

calculating the standard deviation of the daily observations from S&P 500.  

tBD , is the monthly government budget deficit index. 

tBC , is the business cycle which is represented by average monthly unemployment 

rate.  

 

4.3. The GARCH model 

I used an Generalized Autoregressive Conditionally Heteroscedastic (GARCH) model 

developed in a univariate form by Bollersle (1986) to test and quantify the effect of 

determinant factors on interest rate swap spread which expresses the conditional variance 

changes over time as a function of past values of the squared errors and past conditional 

variances leaving the unconditional variance constant. The basic specification of GARCH 

model is given by: 

 

,1
2

11
2

1
2

−− ++= ttt σβηαωσ      (5.1) 
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The error term tη denotes the real-valued discrete time stochastic process and 1−tϕ  

is the information set available at time 1−t .  

1−tt ϕη ~ ),0( 2
tN σ       (5.2) 

Where,  

0ω ,  

01 ≥α ,  

01 ≥β ,  

111 βα + , is sufficient for wide sense of stationary 

ttt εση =        (5.3) 

tε ~ IID  and ),0( 2
tN σ  

This is a GARCH (1, 1) model, in which t
2σ  is known as the conditional variance 

since it is a one-period ahead estimate for the variance calculated on the basis of any past 

information considered relevant. It is possible to interpret the current fitted variance, t
2σ , 

as a weighted function of a long-term average value dependent on ω , information about 

volatility during the previous period ( 1
2

1 −tησ ) and fitted variance from the model during 

the previous period ( 1
2

1 −tσβ ). Additionally, it is found that a GARCH (1, 1) specification 

is sufficient to capture the volatility dynamics in the data. Therefore, the only one lagged 

squared error and one lagged variance is needed.  

GARCH model has several advantages over the pure ARCH model.  First of all, the 

GARCH model is more parsimonious. As a result, the model is less likely to breach non-

negativity constraints (Brooks, 2002).  Secondly, a relatively long lag in the conditional 

variance equation is often required to avoid problems with negative variance parameter 

estimates a fixed lag structure is called for in application of the ARCH model (Bollerslev, 

1986). In this light, the GARCH specification allows for both a longer memory and a 

more flexible lag structure. Thirdly, as pointed out by Bollerslev, the conditional variance 

is specified as a linear function of past sample variances only in the ARCH (q) model, 

whereas the GARCH (p, q) model allows lagged conditional variances to enter as well, 

this process corresponds to some kind of adaptive learning mechanism. Fourthly, the 
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virtue of the GARCH model enables a small number of terms appears to perform as well 

as or better than an ARCH model with many. 

Accordingly, in order to examine the effect of determinants of interest rate swap 

spread jointly and provide further insight of variation of interest rate swap spread the 

above regression equation has been extended to a multivariate GARCH model of several 

variables. 

   ptpqtqttttt −−−−−− +++++++= 22
1

2
2121

2
11

2
1

2 2 σβηασβηασβηαωσ      

(5.4) 
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1
σβαωσ          

(5.5) 

Where,  

 0q ,   0≥p  

 0ω ,  0≥iα ,  ,,,1 qi =   

 0≥jβ , .,1 pi =   

 

 4.4 The Cointegration Model 

According to the economic theory, there are two variables: budget deficit and 

business cycle which are cointegrated to some extent.  A nonstationary variable tends to 

wander extensively but some pairs of nonstationary variables can be expected to wander 

in a way that they don’t drift apart from each other (Kennedy, 2001).  Under such 

consideration, I conduct the cointegration test between budget deficit and business cycle 

since the data are I (1) which means that ECM (Error Correction Model) estimating 

equation could be producing spurious results, such variables are said to be cointegrated.    

I want to purge and estimate the nonstationary variables by differencing and using only 

differenced variables if the data are shown to be nonstationary.  I am quite interested in 

the cointegration between budget deficit and business cycle since the cointegrating 

combination is interpreted as an equilibrium relationship which can be shown that 
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variables in the error-correction term in an ECM.  By testing the cointegration of the 

above two variables, I could eliminate the unit roots. If the set of I(1) variables is 

cointegrated, then regressing one on the others should produce residuals I(0). 

4.4.1 Methodology of Cointegration 

First I use the unit root tests to determine the order of integration of the raw data 

series. Second, I run the cointegrating regression on budget deficit and business cycle. 

Third, I apply an appropriate unit root test to the residuals from this regression to test for 

cointegration. Fourth, if cointegration is accepted, I use the lagged residuals from the 

cointegrating regression as an error correction term in an ECM. 

 

4.4.2 Cointegration analysis 

 

Table 3 Test for cointegration functions 

 

 DP5 DP7 DP10 Slope  BD BC S&P 

SS2Y - - - No 1 1 No 

SS5Y 2 - - No 1 1 No 

SS7Y - No - No 1 1 No 

SS10Y - - No No 1 1 No 

Slope No No No - No 2 No 

BD 2 2 2 No - No No 

BC No No No 2 No - No 

S&P 1 1 No No No No - 

The results of the cointegration tests are shown in Table 3.  I tested for cointegrating 

functions for all pairs of variables with a unit root. Table 3 shows the largest number of 

cointegrating functions found allowing for intercept and trend/no trend. Only swaps and 

default premiums of the same maturity are compared. The table 3 results are consistent 

with our prediction of the cointegration between budget deficit and business cycle. It also 
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indicates that there exists a cointegration relationship between budget deficit and business 

cycle.  

4.3 GARCH Model with three different versions of Error 
Correction Terms 

4.3.1.Error Correction Model 1 (ECM1) 

I first regress the swap spread on business condition using the Least Squares method. 

tBCtt BCSS ,εβα ++=  

The residuals  

tttBC BCSS βαε −−=,  

From the regression are then put into the following model containing first differences 

of all interesting variables. 

ttttttttBCt DPTvolSvolSLBDBCSS εββββββεβα +∆+∆+∆+∆+∆+∆++=∆ − 7654321,1

 

The coefficients are calculated using GARCH. 

 

 

Table 4 Coefficients, z-Statistics and R2 for ECM1. 

 

 2YR 5YR 7YR 10YR 
Coeff z-Stat Coeff z-Stat Coeff z-Stat Coeff z-Stat 

β1 -0.03857 0.28910 -0.16093 -1.32249 -0.15451 -1.52737 -0.11872 -1.02289 

β2 -0.05747 -0.34986 -0.32626 -1.96450 -0.33430 -2.14206 -0.30563 -1.53929 

β3 -8.40E-5 -1.07012 -4.92E-5 -0.65481 -4.39E-5 -0.51239 -0.00017 -2.19241 

β4 0.02370 1.52223 0.06080 2.95855 0.06938 3.79677 0.05138 2.53085 

β5 2.59993 1.94234 1.38291 0.84655 3.04351 2.04323 0.66142 0.38928 

β6 -2.63085 -0.62575 1.56361 0.20631 -15.6767 -2.39198 -1.14299 -0.13157 

β7 -0.16750 -2.43687 -0.16890 -1.77760 -0.15592 -2.64879 -0.10077 -1.51828 

R2 0.19898 0.09941 0.09074 0.13770 
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4.3.2 Error Correction Model 2 (ECM2) 

 

I first regress the swap spread on budget deficit using the Least Squares method. 

tBDtt BDSS ,εβα ++=  

The residuals  

tttBD BDSS βαε −−=,  

the regression are then put into the following model containing first differences of all 

interesting variables. 

ttttttttBDt DPTvolSvolSLBCBDSS εββββββεβα +∆+∆+∆+∆+∆+∆++=∆ − 7654321,1

 

The coefficients are calculated by using GARCH. 

 

Table 5 Coefficients, z-Statistics and R2 for ECM2. 

 

 2YR 5YR 7YR 10YR 
Coeff z-Stat Coeff z-Stat Coeff z-Stat Coeff z-Stat 

β1 -0.07209 -1.65783 9.91E-5 0.57679 8.24E-5 0.48207 -6.89E-5 -0.32818 

β2 4.22E-06 0.05947 -0.26884 -1.70025 -0.29072 -1.82824 -0.24558 -1.27505 

β3 -0.08178 -0.85528 1.75E-5 0.15912 1.71E-5 0.14584 -0.00016 -1.24674 

β4 0.04117 2.85809 0.04734 2.39107 0.05485 3.23782 0.05552 2.95005 

β5 2.26066 2.03308 1.37331 0.92363 3.19587 1.85531 0.56695 0.43181 

β6 -1.99080 -0.48101 6.66135 0.85548 -9.24053 -1.29012 -3.40786 -0.40677 

β7 -0.20573 -3.48670 -0.22823 -2.55662 -0.16463 -2.88363 -0.14462 -2.76230 

R2 0.2080110 0.08073 0.07149 0.11689 

 

4.3.3 Error Correction Model 3 (ECM3) 

The residuals from regressing swap spread on business condition from ECM1 and the 

residuals from ECM2 (Swap spread regressed on Budget Deficit) are both used in the 

same model. 



 

 

 

27 

ttt

tttttBCtBDt

DPTvol
SvolSLBCBDSS

εββ
ββββεβεβα

+∆+∆+
∆+∆+∆+∆+++=∆ −−

87

65431,21,1   

The coefficients are again calculated using GARCH. 

 

Table 6 Coefficients, z-Statistics and R2 for ECM3. 

 2YR 5YR 7YR 10YR 
Coeff z-Stat Coeff z-Stat Coeff z-Stat Coeff z-Stat 

β1 -0.11029 -0.69971 6.96E-5 0.40882 8.76E-5 0.49629 -0.14094 -1.27833 

β2 0.03738 0.25172 -0.11637 -1.08754 -0.14745 -1.51683 -6.39E-5 -0.31865 

β3 2.03E-5 0.21380 1.51E-5 0.13462 7.25E-6 0.06023 -0.00017 -1.38262 

β4 -0.07979 -0.71018 -0.36355 -2.28465 -0.34283 -2.41353 -0.27367 -1.52896 

β5 0.04052 2.77486 0.06340 3.26050 0.06391 3.58487 0.06918 3.45430 

β6 1.86205 1.71642 1.36227 1.00043 3.01473 1.97134 -0.35194 -0.24462 

β7 -1.03514 -0.22895 0.80191 0.10554 -10.0309 -1.43554 -5.26304 -0.60729 

β8 -0.20241 -3.22578 -0.20901 -2.33846 -0.16234 -2.90118 -0.60729 -2.00822 

R2 0.20965 0.08952 0.08906 0.13280 
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5.  Empirical results 

5.1 Unit Root Test Result 

First, I use Augmented Dickey-Fuller (ADF) unit root test to examine whether these 

11 time series are stationary. Table 1 report the test results that the null hypothesis of a 

unit root in level of eleven variables ( swapspread∆ , DP∆ , slope∆ , yTvolatilit∆ , 

ySvolatilit∆ ) with a constant and a trend are not rejected at 1% significance level. 

Therefore, swap spread, slope, and S&P volatility should be considered as nonstationary 

while default premium and treasury volatility can be considered as stationary data except 

Default Premium except year 2.   

Table 7 Augmented Dickey-Fuller unit root test  

Varibles Level Level Unit Root
Constant only Constant and linear trend

Swap spread 2Y -2.066 -2.722 Yes
Swap spread 5Y -2.126 -3.369 Yes
Swap spread 7Y -2.207 -2.859 Yes

Swap spread 10Y -1.668 -2.586 Yes
DP 2Y -5.417 -5.426 No
DP 5Y -2.685 -2.639 Yes
DP 7Y -2.736 -2.693 Yes

DP 10Y -2.995 -2.918 Yes
Slope -0.901 -0.990 Yes

Tvolatility -4.430 -4.750 No
Svolatility -2.003 -5.796 Yes

 

The t-statistics from unit root test, including either constant only or a constant and a 

linear trend. Rightmost column shows if the test indicates a unit root. 

Table 3 show the test result that the null hypothesis of a unit root in the first 

difference of eleven variables ( swapspread∆ , DP∆ , slope∆ , yTvolatilit∆ , ySvolatilit∆ ) 

with constant  and a constant and a trend are rejected at 1% significance level. Therefore, 

these time series data should be considered as stationary if it takes difference. 
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Table 8 Augmented Dickey-Fuller unit root test  

Varibles 1st Difference 1st Difference Unit Root
Constant only Constant and linear trend

∆Swap spread 2Y -11.792 -11.743 No
∆Swap spread 5Y -11.303 -11.280 No
∆Swap spread 7Y -12.094 -12.051 No

∆Swap spread 10Y -11.259 -11.222 No
∆DP 2Y -13.331 -13.267 No
∆DP 5Y -13.291 -13.259 No
∆DP 7Y -12.253 -12.244 No

∆DP 10Y -11.809 -11.826 No
∆Slope -9.133 -9.334 No

∆Tvolatility -7.473 -7.387 No
∆Svolatility -8.987 -8.944 No

 

The t-statistics from unit root test, including either constant only or a constant and a 

linear trend. Rightmost column shows whether the test indicates a unit root. None of the 

variables shows a unit root in the first difference. 

5.2 Correlation among explanatory variables 

Table 9 Correlation matrix for explaining variables.   

 

 ∆BC ∆BD ∆DP 2yr ∆DP 5yr ∆DP 7yr ∆DP 10yr ∆SL ∆Svol ∆Tvol 

∆BC  1.000 -0.070 -0.025 -0.039 -0.103  0.018 -0.096 -0.073 -0.198 

∆BD -0.070  1.000 -0.103 -0.127  0.038  0.055  0.036  0.095  0.070 

∆DP 2yr -0.025 -0.103  1.000  0.513  0.458  0.370 -0.088  0.118  0.061 

∆DP 5yr -0.039 -0.127  0.513  1.000  0.654  0.537 -0.080  0.148  0.104 

∆DP 7yr -0.103  0.038  0.458  0.654  1.000  0.596 -0.082  0.269  0.042 

∆DP 10yr  0.018  0.055  0.370  0.537  0.596  1.000 -0.109  0.184  0.230 

∆SL -0.096  0.036 -0.088 -0.080 -0.082 -0.109  1.000 -0.065  0.364 

∆Svol -0.073  0.0951  0.118  0.148  0.269  0.184 -0.065  1.000  0.188 

∆Tvol -0.198  0.070  0.061  0.104  0.042  0.230  0.364  0.188  1.000 
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The default premium for different maturities show strong correlation but I do not include 

different maturities in the same regression so this is not a problem.  The largest 

correlation otherwise encountered is 0.364 for Treasure volatility and Slope. This is still 

small enough that it should cause problems in regressions. 

The correlation matrix, see table 9, shows how different explaining variable are 

correlated with each other, 1 or –1 means perfectly correlated and 0 means no correlation. 

Two or more strongly correlated explaining variables, included in a regression, can cause 

problems. I can see some fairly strongly correlated variables in Table 9, i.e default 

premiums of different maturity (5 and 7 year maturity of default premium have a 

correlation of 0.654). This is previously known fact about default premiums, but it is not 

a problem since we never include different maturities in the same regression. The 

strongest correlation to be found in the correlation matrix, that do not include premiums 

of different maturity, is slope and treasure volatility with a correlation of 0.364, which is 

small enough to not be of concern.  
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5.3 Analysis of Hypothesis Tests 

There are a total of 88 entries in the tables with correlations and z-statistics. I could 

therefore expect one or two cases of false significance on the 1% level, about 2 to 4 cases 

of false significance on the 2% level and even more cases of false significance on the 5% 

level. Based on studying such a large number of correlations between variables, the 

results should therefore be done very carefully. A conclusion cannot be made unless the 

significance is very strong,  



 

 

 

32 

The IR swap spread will be related negatively correlated with the slope of yield 

curve of Treasury Securities.  

Only the ECM3 model shows significance in the slope of yield curve and then only 

for 5yr and 7yr maturity (z-Stat. of -2.28 and  –2.41 respectively). This is significant at 

the 2% level. The correlation observed is negative, supporting our hypothesis. 

So I conclude that changes in the IR swap spread will be related positively to changes 

in the implied Treasury market volatility. 

 

The IR swap spread will be positively correlated with the implied Stock market 

volatility.  

Not any of the ECMs at any maturity is showing significance for a correlation with 

Stock market volatility.  I can draw no conclusions about this hypothesis from the data. 

 

The IR swap spread will be positively correlated with the default premium in 

corporate bond market.  

It is in the default premium we find the strongest correlation with IR swap, all three of 

our ECM models show strong z-Statistics for this variable (with the exception of ECM1 

and 10yr maturity). ECM2 shows the strongest correlation with z-statistics of –2.56 or 

better, indicating significance at the 1% level. The correlation is however negative, 

disproving our hypothesis. 

 

The IR swap spread will be positively correlated with the business cycle.  

ECM1 shows a negative correlation for the 5yr and 7yr maturity (z-Stat of -1.96 and -

2.14 respectively, significant at the 5% level).  ECM3 shows a negative correlation for 

5yr and 7yr maturity (z-Stat. of -2.28 and -2.41 respectively, significant at the 2% level). 

The data disproves our hypothesis at the 2% level.  
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The IR swap spread will be positively correlated with the implied Treasury 

market volatility. 

The Treasury market volatility shows only a significant correlation with IR swap 

spread in ECM1 and for 7yr maturity (z-Stat. of  -2.39, significant at 2% level). 

Considering the number of correlations examined, this may still be a statistical fluke. The 

coefficient is negative, in conflict with our hypothesis. For other maturities and for the 

other two ECMs, the coefficient is also mostly negative, but none of these cases have any 

higher significance. I can neither prove or disprove our hypothesis from this data. 

However, it seems that any correlation should be quite weak. 
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The IR swap spread will be positively correlated with the government budget 

deficit index. 

ECM1 shows a negative correlation for the 10yr maturity (z-Stat. of  -2.19, significant 

at 5% level) and ECM2 shows a negative correlation for 5yr and 7yr maturity (z-Stat. of -

1.7 and -1.83 respectively, significant only at the 10% level). The correlation is in 

conflict with our hypothesis, but again the significance is quite low.  
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6. Conclusion  
Based on my test results, I found out that the interest rate swap spread is positively 

correlated with the default premium in corporate bond market.  Due to the limited size of 

available data set, I can’t see very strong correlation. Overall it is very hard for me to 

draw any strong conclusions.  However, there are two relatively two strong correlations; 

the interest rate swap spread is correlated with default premium in corporate bond market 

and the government budget deficit index.  

I found out that the strongest correlation with IR swap in the default premium. ECM2 

shows the strongest correlation with z-statistics of –2.56 or better which indicates 

significance at the 1% level. However, this correlation is negative.  At the same time, it is 

shown that the strong correlation with IR swap in he government budget deficit index. 

However, the correlation is in conflict with our hypothesis. Again the significance is 

quite low.  

According to the test results, I think it might be some other relatively important 

factors which I ignored in the beginning. I might take the considerations of swap spreads 

jointly not just separating in different maturity.  Also I should consider the international 

market spill over effect for example the UK and Japanese market since the U.S. markets 

are affected by the rest of world  

. 
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