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Abstract

This paper focuses on how economic variables affect Baa corporate bond
spreads in the US from January 1990 to December 2018. Credit spreads in
this paper are defined as the Baa corporate bond yield minus the Aaa corpo-
rate bond yield, and are explained by four variables which are interest rates,
the slope of yield curve, the stock market volatility and the economic envi-
ronment. Cointegration analysis and VAR model are used in this paper to es-
timate the effects of the determinants of the credit spreads in the long-run
and in the short-run respectively. The impacts of the industrial production
index and the slope of yield curve on the Baa credit spread are negative, and
the impacts of 10 year Treasury bond rate and the stock market volatility on
the credit spreads are positive in the long run. In the short-run dynamic rela-
tionship, the impact of the industrial production index and the 10 years
Treasury bond interest rate are negative for the credit spreads, and the slope
of yield curve and stock market volatility are positive for the Baa credit
spreads.
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1. Introduction

The US experienced the worst financial crisis since the Great Depression in
2008. The liquidity problem and the credit crunch have caused serious damage
to the US economy. During this financial crisis, credit spreads became a key in-
dicator of the degree of tension in the financial system (Simon & Egon, 2012).
This paper explains the US credit spreads forecasting models according to some
financial and economic variables. This paper uses the data set of the Moody’s US

Aaa corporate bond yield and Baa corporate bond yield, and the data used in
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this paper are from January 1990 to December 2018 at a monthly frequency. Be-
cause Aaa bonds are considered the highest rated bond, they can almost be re-
garded as risk-free bonds, so in this paper the Baa credit spreads are defined as
the yield of Baa corporate bond minus the yield of the Aaa corporate bond.

By constructing a series of econometric models, try to analyze determinants of
credit spreads and the different effects of various factors on credit spreads. This
paper is based on previous empirical analysis, such as Morris, Neale and Rolph
(1998) and Davies (2004). A key element of this paper is to explore the impact of
interest rates on credit spreads. Merton (1974) and Duffee (1998), argued that
the risk free interest rate has a negative impact on credit spreads, which means
that if the risk free rate increases, the credit spreads will decrease. However,
Morris, Neale, and Rolph (1998) concluded that when the risk free rate in-
creases, the credit spreads will widen. This paper will explore how long run and
short run the risk free rate affect credit spreads, respectively. And we find that in
the long run, the credit spreads have a positive relationship with the risk free
rate, and in the short run, the relationship is negative. Other results show that
the stock market volatility is positive with the credit spreads, and when the in-
dustrial production index increases, the credit spreads will decrease. The result
shows that the slope of yield curve affects credit spreads differently in the long
run and short run, such as in the long run, it has a negative relationship with the
credit spreads, and in the short run, the relationship is positive.

There are a large number of literatures to discuss credit spreads. Pedrosa and
Roll (1998) came to the conclusion that different bond index portfolios with dif-
ferent credit ratings, different mature groups of bonds and different industries
will have a common change in their credit spreads. Because the theory predicts
that the aggregate variables generally affect all credit spreads, such as the risk
free rate changes, economic environment changes and the stock market volatil-
ity. Collin-Dufresn et al. (2001) also indicated that changes in the aggregate fac-
tors of the corporate bond market will lead to changes in credit spreads for most
time series. Therefore, this paper will discuss how the aggregate variables affect
the credit spreads. In this paper, we use cointegration to model the time-series of
the Baa credit spread with the interest rates, VIX index, industrial production
index and the stock market volatility. The econometric analysis is conducted us-
ing the cointegration approach, which identifies the long-run relationships
among variables that determine credit spreads. And this paper will also examine
the dynamic relationship of the variables in the US, so we build a VAR model
and then analyze the impulse response based on it. We analyze how the variables
affect credit spreads when the variable is shocked.

This paper takes a new perspective to explore the determinants of Baa corpo-
rate bond spreads. Some literatures use the cross-sectional approach to analyze
the influencing factors of credit spreads, and some focus on the credit spreads
based on the risk structure of the interest rate. By contrast, we will construct a

time-series model. In addition, at present, much analysis used conventional re-
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gression models, and VAR models are used relatively rarely. The use of the VAR
model is more able to capture the dynamic changes of variables than the tradi-
tional single equation model, so this paper uses the VAR model for dynamic re-
search. Because the conventional regression does not observe the effects of the
dynamic variables, so according to traditional research, it is impossible to get a
conclusion of how variables affect credit spreads in the long-term and
short-term. Although Morris, Neal and Rolph (1998) used the VAR model to
analyze the dynamic relationship, they only explained the relationship between
the credit spreads and interest rates, we add some other factors that determine
the credit spreads. We use the cointegration model to analyze the impact of the
variables in the long-run, and then we establish the VAR model to show the
short-run relation.

The rest of the paper is organized as follows. In the first part, we examine the
theoretical determinants of the credit spreads. The second section is literature
review. The third section is data, methodology and results. In this part, we dis-
cuss the data and define the proxies we used, and we will analyze our regression

result. We conclude in the final part.

2. Theoretical Credit Spread Models

The first theoretical model for the impact of default risk on bonds was intro-
duced by Merton (1974), and since then, Merton’s basic formulation has been
extended and improved. Merton (1974) constructed a default risk model based
on the basis of option pricing theory, and his model argued that when an inves-
tor buys a risky corporate bond, the value of the bond is equivalent to the inves-
tor buying a long term equivalent risk free bond. When selling a put option of
the underlying company value, the selling price is equal to the face value of the
risk free bond.

After Merton proposed the structural model, many related studies were pro-
posed based on his model, and the model was changed and extended, the factors
affecting the default risk bond price in the structural model are different. These
factors may be affected by many factors, such as how the threshold of default
events is defined, how to regulate the value process of the firm and the cost of
bankruptcy. However, for variants of Merton’s model, a range of factors that de-
termine the price of default risk bond based on the Merton model are also
common.

When the structural model of default risk has empirical relevance, the price
determinant of the model is also suitable to explain changes in corporate bond
spreads. Because this article does not examine changes in credit spreads at the
individual company level, we focus on the Baa credit spreads at the aggregate
level, so this article includes variables that represent company-specific factors at
the aggregate level.

There are three types of factors which we use to explain the determinants of

credit spreads: interest rate related variables, variables related to the economic
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environment and equity related variables. In the following, the variables used in
this paper will be described in detail.

1) Changes in the interest rate

The structural model of the credit risk shows that risk free interest rate is re-
lated to risk debt pricing. First, Merton (1974) argues that when the risk free rate
increases, the present value of the future expected cash flow discount will de-
crease, thus reducing the price of the put option. The investor of the corporate
bond shorts put option, and the value of his long corporate bond position will
increase. The increase of the price of the corporate bond will decrease the
spread. Second, when we consider the impact of risk free interest rates on credit
spreads from the perspective of supply and demand, if interest rates fall, the
company may increase the supply of bonds, and the price of bonds will fall ac-
cordingly, thus credit spreads will increase. Bevan and Garzarelli (2000) also
found through empirical analysis that the risk free interest rate has a negative
impact on credit spreads in the short run, and they thought that in the
short-term, the specific growth of government bonds will lead to a relatively
small increase in corporate bond interest rates.

On the other hand, according to the creditworthiness and risk preference hy-
pothesis, we can find risk free interest rate is positively correlated with corporate
bond spreads. According to this hypothesis, when interest rates rise, the debtor’s
repayment burden increases, which can lead to a decline in their ability to pay
and lower their credibility. Moreover, investors may increase their risk exposure
to increase the return of their portfolio before generally lowering interest rates.
Therefore, investors will increase demand for corporate bonds, which will lead
credit spreads to tighten.

2) Changes in the slope of yield curve

The analysis of the yield curve slope comes from two aspects: first, the yield
curve slope can represent the expected future risk free rate. Therefore if the yield
curve slope increases, the expected future short rate will increase. According to
the Merton (1974) framework, a steep slope could tighten the credit spread be-
cause of the expected rise in the risk free rate.

From the economic environment perspective, when the yield curve declines,
the economy may be in a period of weakness. When the economy is in recession,
expected recovery rate may fall. Fama and French (1989) argued that when the
economy is in recession, credit spreads will increase. Therefore, when the slope
of yield curve is shallow, the yield of corporate debt will be higher, and the cor-
porate bond spreads will increase.

3) Changes in the economic environment

We take monthly growth rates in the US industrial production index in per-
cent as a measure of the state of the economic conditions. On the one hand, the
increase in industrial production indicates an upward trend in the economy,
which means that the enterprise asset value will increase, and the leverage ratio

of the firm will decline, and corporate bond default rates decline, thereby reduc-
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ing credit spreads. On the other hand, when the industrial price index rises, it
means a better economic environment. When a bond default occurs, the poten-
tial recovery rate will have a higher expected value when the economic environ-
ment is favourable. Therefore, increases in the business cycle will decrease the
credit spreads.

4) Changes in the volatility of the stock market

According to the structural models, volatility in the company value can affect
credit spreads. Merton (1974) finds that equity volatility increases the spread of
default risk. If the volatility of the underlying asset rises, investors may be more
likely to exercise put options, so the price of the option will increase. For the
time being, large changes in leverage are likely to occur with higher volatility.
Therefore, the leverage ratio is likely to tend to be unified, or the company value
may be lower than the debt face value, and the probability of the default of the
firm will increase. This article does not analyze the leverage ratio, so we will use
an appropriate index to represent the stock market volatility. We will expect that

when the volatility of stock market rises the credit spreads will widen.

3. Literature Review

There are a large number of literatures on credit spreads, which are broadly di-
vided into three areas. Some literatures use the cross-sectional approach to ana-
lyze the influencing factors of credit spreads, and some analysis the credit
spreads based on the risk structure of the interest rate, and some focus on the
valuation of risky debt.

A lot of literatures focused on the issue of bonds in individual companies.
Duffee (1998) analyzed a sample of non-callable bonds, and he concluded that
the interest rates are negatively correlated with the credit spreads, but the rela-
tionship is weak. Yield spreads on investment-grade non-callable bonds fall
when the three month Treasury bill yield rises. His analysis of credit spreads re-
lies on a simple VAR approach. He found that if the government bonds yields
rise, the corporate bond spreads will be greatly reduced, and Longstaff and
Schwartz (1995) found the similar conclusion, which they thought if the gov-
ernment bonds rate rises, the value of the company’s assets will fall, and the
bond spread will decrease. Collin-Dufresn et al. (2001) analyzed the determi-
nants of credit spreads from a contingent-claims or no-arbitrage perspective,
and they argued that the credit spreads are caused by two factors, one is the de-
fault risk of the bond, and the other is that the bondholder can only get a part of
the payment when the default occurs. This article explores the influencing fac-
tors of changes in individual industrial bond spreads. They found that the main
factor affecting changes in corporate bond spreads is the change in supply and
demand in the local market. Moreover, their conclusion is opposite to the pre-
dictions of structural models of default, they found that when studying the in-
fluencing factors of credit spread changes, common factors may be more impor-

tant than company-specific factors, and this is the opposite of the prediction of
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the default structure model.

Avramov et al. (2007) used a linear time-series regression, they explored the
change in credit spreads also based on a default risk structure model and studied
the impact of variables on individual corporate bond spreads. They conducted
time series regression and found that the results of the regression can well sup-
port the structural model. In terms of changes in individual credit spreads, the
common factor can explain about 44%, while the company-level factor can only
explain 26%, which implies that the common factors are more important than
the firm level factors, and the conclusion is the same as Collin-Dufresn et al.
(2001).

Morris, Neale and Rolph (1998) argued that the corporate rates are cointe-
grated with interest rates. They showed that in the short term, a rise in the gov-
ernment bonds rates will decrease the corporate bond spreads, and it will in-
crease the credit spreads in the long run. Bevan and Garzarelli (2000) also came
to the conclusion that interest rates have a negative relationship with credit
spreads in the short term. Moreover, Morris, Neale and Rolph (1998) found that
the Baa spreads are more sensitive compared with the Aaa spreads when the
risk-free rate changes. Moreover, Manzoni (2002) considered supply and de-
mand, and he argued if the risk free rate decreases, the supply of the corporate
bond will increases, therefore, the price of the bond will decrease, and the credit
spreads will widen. Bevan and Garzarelli (2000) also used the cointegration ap-
proach to study how economic variables affect corporate bond spreads. They use
real GDP to represent the economic environment, and explore its relationship
with credit spreads. They found that better economic environment will make
credit spreads smaller. They also studied how volatility in the stock market af-
fects the corporate spreads, and in their analysis, when the volatility of the stock
market increases 5%, the credit spread will increase 25 bp.

Elton et al. (2001) used the time series and cross-sections to analysis the cor-
porate bond spreads which they defined the credit spread as the difference be-
tween the yield of the corporate bond and the government bonds, and they
found that the systematic risk factors related to equity expected return are very
important when analyzing the credit spreads. They use the cross-sectional re-
gression to show that the most important factors for determining the corporate
bond spread are the market factors of the stock market returns. The results of
the econometric model seemed to be the opposite of the structural model. After
Merton (1974) proposed the structural model, a series of studies were carried out
on his basis, and the structural model of corporate bond yields showed that the
liabilities of the company were considered to be contingent claims on the under-
lying value of company. The structural model of corporate bond yields means
that when pricing corporate bonds, it should not be based on the expected re-
turn on the underlying assets, because if pricing takes this factor into account,
investors may hedge the risk through replication. This means that when we con-

sider all the variables related to bond prices, the price of the expected return
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bond on the underlying asset and the systemic risk affecting the underlying asset
price are independent of the bond prices.

Davies (2007) used data covering 85 years of history, which included many
different business cycles. He used the cointegration approach to explain that the
relationship between the risk-free interest rate and the slope of the yield is posi-
tively related to the credit spread. Moreover, he used the regime switching
econometric techniques, and divided two regimes, such as inflationary period
and deflationary period. He found that both in the long-term and short-term,
the performance of the stock market seems to be the key factor in determining
the changes in credit spreads, and the credit spread of low grade bonds is more
dependent on the current economic environment than the higher grade spreads.
He found that in a deflationary economic environment, when risk-free interest
rates change, bonds with low credit ratings are 10 times more sensitive than in
an inflationary economy.

Idiosyncratic volatility and liquidity are the two main factors of Kalimipalli et
al. (2013) concern, and the VAR model is constructed to explore its dynamic re-
lationship with changes in credit spreads. They conduct portfolio based on
Collin-Dufresn et al. (2001) model, and they concluded that idiosyncratic vola-
tility and illiquidity have the greatest impact on low-rated bonds compared to
high-rated bonds. They built VAR models to analyze how volatility and liquidity
affect corporate bond spreads, and they found the impact of volatility shocks on
credit spreads is more durable and will continue to have a positive effect, but the
impact of liquidity shocks will disappear in the long run. Campbell and Taksler
(2003) also focused on how the volatility of the stock affects corporate bond
spreads, and they used the panel data found that when the volatility of equity in-
crease, the credit spreads will widen.

Krishnan et al. (2010) found that when predicting credit spreads at the com-
pany level, the information contained in the shape of the credit spread curve is
very helpful for this prediction, and they found that even the same bonds, as
long as the maturity of the bonds are different, their credit spreads will behave
differently.

Tao-Hsien and Kemeth (2005) studied the extent to which stock market fac-
tors affect spreads when interpreting cross-sectional changes in corporate bond
spreads. They point out that although the changes in credit spreads are largely
influenced by factors of the systematic Fama-French, the additional explanatory
power of the Fama-French model is very limited when we keep the variables as-
sociated with defaults constant.

Anderson and Sundaresan (1996) and Eom et al. (2004) have recently studied
the changes in credit spreads based on structural models. Anderson and
Sundaresan (1996) used data from the US bond market to compare several dif-
ferent structural models. They found that models using endogenous bankruptcy
barriers are more suitable for US bond data than Merton (1974) models. Eom et

al. (2004) tested another structural model with cross-section data from 1997.
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They found that it is possible to underestimate the yield of the corporate bond
when using Merton (1974) model. However, it tends to overestimate the yield of
corporate bond when using Longstaff and Schwartz (1995).

Longstaff and Schwartz (1995) used time series regression to study short-term
changes in US corporate bond spreads. They concluded that if the risk-free rate
and the stock index yields rise, the credit spreads will show a significant down-
ward trend. Guha and Hiris (2002) analyzed how the economic cycle affects
changes in corporate bond spreads in the United States. The results of the study
showed that the relationship between the credit spreads and economic cycles is
negative. When the economy is in a recession, credit spreads widen, and when

the economy is in an expansion period, credit spreads will fall.

4. Data, Methodology and Results
4.1. Data

The purpose of this article is to study the extent to which the above variables af-
fect credit spreads. Therefore, in this section we will describe data representing
credit spreads and explanatory variables, and the monthly data of the US credit
spread is from January 1990 to December 2018.

1) Credit spreads. The corporate bond data are collected from the Federal Re-
serve Bank of St. Louis distributed by Moody’s Investor Services. We use only
the Aaa and Baa yields, and the date we used for the analysis was monthly data
from January 1990 to December 2018. The analyzed data is obtained by calcu-
lating the average of the daily data for each month, and the data is composed of
non-seasonally adjusted corporate bonds with maturities of at least 20 years.
When the bond is less than 20 years to the maturity date or the credit rating
changes, the bond will be removed from the index. According to Moody’s credit
rating guidelines, Aaa bonds are considered to be bonds with the highest credit
rating and bonds with lowest investment risk. Baa bonds are considered me-
dium-weight bonds with certain risks and lack of good investment quality.
Therefore we define the credit spreads as the Baa yields minus the Aaa yields.

The reason for choosing the Moody’s Aaa and Baa corporate bond date is that
Moody’s index is made up of the yield of different bonds at a particular rating
level. Therefore, the index represents the aggregate yield of return of a combina-
tion of individual bonds. This paper is focused on the aggregate variables rather
than the individual firms, so Moody’s corporate bond data looks more suitable
as the choice for analyzing credit spreads.

2) Treasury rate level. We use the 10-year government bond series (code:
GS10) as the risk free rate. The data is extracted from the Federal Reserve System
and is composed of the average data of each month’s business day yields. The
data we use is from January 1990 to December 2018. The reason we chose the
10-year Treasury constant maturity rate is that it has a relatively long historical
data and all data is available. Data on the 20-year Treasury bond rate are not

available from 1987 to 1992. Moreover, many empirical analyses of credit
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spreads have chosen the 10-year Treasury bond rate as risk free rate, just like
Morris, Neal and Rolph (1998), Collin-Dufresn et al. (2001), Kalimipalli, Nayak
and Perez (2013) and so on.

3) Slope of yield curve. Merton (1974) concluded that the slope of yield curve
and the level of yield curve are significant factors in determining the dynamic of
term structure of interest rate. We define the slope of the yield curve as the dif-
ference between the 10-year yield and the 2 month Treasury bill rate. We will
take the slope of the yield curve to represent the expected future short-term in-
terest rate, and it can also be used as a factor representing the economic envi-
ronment.

4) Industrial production index. Industrial production index is also obtained
from the Federal Reserve System from January 1990 to December 2018, and it
can be used as an indicator to measure the economic environment.

5) Volatility. VIX index is obtained from the Chicago Board of Exchange as
monthly data. VIX represents market expectations for volatility in stock index
option prices. This data is only available from January 1990, so it limits the
amount of sample data analyzed in this article. If we can get more years of data,
it may include many different business cycles, therefore we can expand the time

frame of the study so that we can get more accurate results.

4.2. Research Methodology

In this paper, we mainly explore the impact of the industrial production index,
risk free rate, stock market volatility and the slope of yield curve on the corpo-
rate bond spread. It mainly includes Baa corporate bond spreads, industrial
production index, 10 year Treasury bond interest rate, VIX index and the slope
of yield curve. The above data are all macro data. First, we just do a conventional

time series regression, and the estimate regression is as follows:

CS, = o + B,VIX, + B,SLOPE, + B,INDPRO, + B,GS10, + ¢,

From the regression, we can know the significance level of the four variables,
and we can have a general understanding of the positive and negative effects of
the explanatory variables on the explained variables.

Then, we need to test the stationary of all the variables. This paper uses Aug-
mented Dickey Fuller (ADF) tests to analyze the stationary.

HO: There is at least one unit root.

H1: No unit root.

Considering that the time series may also contain constant terms and trend
terms, the ADF test has the following three forms:

Ay, =Y +Zip:_11BiAyt—i +u,t=12-T
AY, =Y, +a+zileiAyH +u,t=12,---T
Ayt = nyt—l +a+6t+zip:_11BiAyt4 +ui vt :1!21”'|T

In the formula u; is a random disturbance term. The ADF test was performed
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in Eviews 10.0, and the lag order was determined using the AIC criterion. If the
test results show that the null hypothesis is rejected, the sequence y does not
have a unit root, which means that all the variables are stationary. If the test re-
sults show that the null hypothesis is accepted, the original sequence needs to be
differentially processed, when each variable becomes stationary after the differ-
ence, the process stops. The method can determine the single order of the se-
quence and use this result to determine the method to be used next.

The third estimator used in the analysis is the Cointegration. We use the
Cointegration to analyze the impact of the risk free rate, the slope of yield curve,
industrial production index and the VIX index on credit spreads in the long run.

Then we constructed a vector autoregressive (VAR) model. VAR is a very
common model used to analyze dynamic relationships between time series vari-
ables. According to the properties of the VAR model, each variable in the model
can be explained by its own lagged values and the lagged values of other vari-
ables (Enders, 1995).

The VAR model analyzes the statistical properties of the data. The VAR
model often used to predict the relationship between the variables in the short
run, and the impulse response function and variance decomposition are estab-
lished based on the VAR model. The VAR model constructs the model by the

lagged value of the endogenous variable.

yt =CD1yt71+‘”+chyt—p+th+gt1t=112|"'vT

In order to better estimate the causal relationship between variables, this pa-
per uses the method of testing causality in econometrics. The Granger causality
test examines the sequence of changes between variables, according to the
method of testing causality in econometrics. Then by constructing impulse re-
sponse functions, we analyze the short-term dynamic effects of risk free interest
rates, slopes of yield curves, industrial production index and stock market vola-
tility on credit spreads. Finally, we analyze the extent to which the four variables
used in this paper can explain the error variance of bond spreads. Variance de-
composition is very helpful in analyzing the contribution of the four variables to
the residual term of the credit spread.

4.3. Empirical Results

4.3.1. Correlation Analysis

Table 1 is the correlation analysis of credit spread with VIX, INDPRO, GS10
and SLOPE. The results show that the correlation coefficients of CS with VIX,
INDPRO, GS10 and SLOPE are 0.622, —0.129, 0.358, —0.300 respectively, which
have significant statistical significance. This shows that there is a significant
negative correlation among the credit spread with the industrial production in-
dex and the slope of yield curve, and there is a significant positive relationship
between the corporate bond spread with the yield of 10 year Treasury bond and
the VIX index. When the industrial production index and the slope of yield
curve increase, the corporate bond spreads will decrease. When the yield of 10

DOI: 10.4236/0jbm.2021.92041

784 Open Journal of Business and Management


https://doi.org/10.4236/ojbm.2021.92041

W. Q. Zhang

year Treasury bond and the VIX index increase, the corporate bond spreads will
increase. The results of this regression look the same as we expected from the-
ory. In the expectation, we assume that the risk free rate and the equity volatility
are positive with the credit spreads, and the slope of yield curve and the business

cycle are negative with the credit spreads.

4.3.2. ADF Test

Table 2 shows the results of ADF test on the horizontal values of the industrial
production index, the yield of 10 years Treasury bond, VIX index and the slope
of yield curve, and their first-order differences. The result of the ADF test shows
that the series of industrial production index, 10-year Treasury bond rate and
slope of yield curve are non-stationary in levels, but the credit spreads and VIX
index are stationary in levels, and the first-order differential variables credit
spreads, industrial production index, 10 year Treasury bond rate, the slope of
yield curve and the VIX index have passed the corresponding ADF test, which
indicates that in the test of the unit roots of the variables analyzed in this paper,
their first order difference is stationary. It can be seen from the above analysis
that DCS~I(1), DINDPRO~I(1), DGS10~I(1), DVIX~I(1), DSLOPE~I(1) are all
single sequence, which is a stationary sequence, can be used for subsequent
analysis to explore the direction and magnitude of the impacts of the yield curve
slope, 10 year Treasury bond yield, VIX index and industrial production index
on the Baa corporate bond spreads.

Table 1. Correlation analysis.

CS VIX INDPRO GS10 SLOPE

CS 1.000 0.622 -0.129 0.358 -0.300
VIX 0.622 1.000 -0.011 0.122 -0.021
INDPRO -0.129 -0.011 1.000 -0.014 -0.836
GS10 0.358 0.122 -0.014 1.000 —-0.340
SLOPE —-0.300 -0.021 -0.836 —-0.340 1.000

Table 2. Augmented dickey fuller tests.

ADF 5% critical value P
CS* (C,0,1) —4.081736 —-2.869677 0.0012
INDPRO (C,T,3) —2.140683 —-2.871029 0.2290
GS10 (C, T, 4) —2.014745 —2.869677 0.2805
VIX* (C,0,0) —4.247841 —-2.869653 0.0006
SLOPE (C,0,1) —2.459724 —-2.871029 0.1265
DCS* (C,0,0) -23.81119 —-2.869677 0.0000
DINDPRO* (C,0,0) —4.486157 -2.871029 0.0003
DGS10* (C,0,0) —14.26482 —-2.869677 0.0000
DVIX* (G,0,0) —15.07556 -2.869701 0.0000
DSLOPE* (C,0,0) —4.433300 -2.871029 0.0003
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4.3.3. Cointegration Analysis
Through the above test, it can be known that credit spreads, VIX index, indus-
trial production index, yield curve slope and 10-year Treasury bond rate are sta-
tionary in the case of first-order difference. If the above variables are all station-
ary, the CS, VIX, INDPRO, SLOPE, and GS10 are co-integrated. The cointegra-
tion analysis includes two test methods, which are the EG two-step test and the
Johansen cointegration analysis. Since this paper has many independent vari-
ables, thus the Johansen analysis is selected for testing. Before using Johansen for
testing, we need to determine the existence of the cointegration relationship.
From the results in Table 3, the maximal eigenvalue statistic and the trace sta-
tistic in the cointegration analysis show that there is a long-term stationary
cointegration relationship between CS with SLOPE, VIX, INDPRO, and GS10 at

a given 5% significance level.

CS=-0.9037* INDPRO +4.8259 + GS10 + 5.9524 * VIX — 4.7895 *SLOPE +1821

Table 4 shows in the long run, the coefficients of different variables for the
credit spreads. The risk free rate has a positive effect on the credit spreads, which
means that when the risk free rate rises, the credit spread will also increase in the
long run. This result supports the empirical analysis of Morris, Neale and Rolph
(1998) previous empirical studies, but does not support Merton (1974) theoreti-
cal research. And this result is likely the previous regression before the cointe-
gration.

We can also see from Table 4 that the impact of stock market volatility on
credit spreads is positive. When the volatility of the stock market increases, the
default risk of corporate bonds will increase, which will lead to an increase in

credit spreads, and this result is consistent with our theoretical expectation.

Table 3. Johansen cointegration analysis.

Eigenvalue Trace 5% Critical Value Max 5% Critical Value
0.1366 125.0378* 76.9728 50.5451* 34.8059
0.0985 74.4926* 54.0790 35.6747* 28.5881
0.0555 38.8180% 35.1928 19.6440 22.2996
0.0337 19.1740 20.2618 11.7962 15.8921
0.0212 7.3778 9.1645 7.3778 9.1645

Note: The existence of the cointegration relationship is determined according to the minimum criteria of
AIC and SIC. If there is a cointegration relationship, it is represented by * in this paper.

Table 4. Long run cointegration regression.

cs VIX INDPRO SLOPE GS10 C
1.000000 ~5.9524 0.9037 4.7895 —4.8259 -1.821
(2.5565) (0.5142) (2.5239) (2.1170) (0.268)
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The coefficient of industrial production index is consistent with the expected
estimation. The increase in industrial production means that the economic en-
vironment is improving, the default risk of corporate bonds is reduced, and the
leverage ratio is falling, so when industrial production increases, the credit
spread will decrease, and the result is consistent with Davies (2007) empirical
analysis.

Finally, Table 4 also shows that there is a negative relationship between the
slope of the yield curve and the credit spreads, and this is also the same with the
expected estimation. According to the term structure theory of interest rates, the
slope reflects the future spot rate on the interest rate yield curve. If the slope of
the yield curve increases, it indicates that the economy is improving, interest
rates will rise in the future, and credit spreads will fall. Conversely, if the slope of
the bond yield curve becomes smaller, it indicates that the economy is weaken-

ing, interest rates are lower in the future, and credit spreads are widening.

4.3.4. Granger Casualty Test

According to the above data analysis results, it is easy to know that in the long
run, there is a stationary relationship between credit spread with industrial pro-
duction index, 10 years Treasury bond yield, VIX index and the slope of yield
curve. However, the cointegration analysis can only analyze the long run equi-
librium relationship between the dependent variables and the independent vari-
ables, but the result does not indicate the causal relationship between variables.
This article will estimate the casual relationship between the industrial produc-
tion index, 10 year Treasury bond yield, VIX index, the slope of yield curve with
the Baa credit spreads by using the Granger causality test. The Granger causality
test examines the sequence of changes between variables, according to the
method of testing causality in econometrics. The test is carried out and the test
results are shown in Table 5.

According to the results of the above table, it can be known that in the case of
the lag 4, at the significance level of 0.05, the test result shows that INDPRO and
GS10 are the Granger cause of CS, and CS is also the Granger cause of the two
variables. It indicates that the change of the two variables will cause the change
of credit spreads, and the change of credit spreads will also cause the change of
the two variables. The above results show that the two variables and the corpo-
rate bond spread are mutually Granger causality in the case of the optimal lag
period. We also see that in the case of lag 4, at the significance level of 0.05, the
test results show that the slope of yield curve and equity market volatility are the
Granger cause of credit spread, but credit spread is not the Granger cause of the
slope of yield curve and equity market volatility. This means that the change of
the yield curve slope and stock market volatility will cause credit spread change,
however the credit spread change will not cause the change of the two variables.
The above results show that in the case of the best lag period, the slope of yield

curve and the VIX index are the Granger causality of the credit spreads.
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Table 5. Credit spread Grander Casualty test.

Lags Null hypothesis F-value prob
4 DVIX does not Granger Cause DCS 9.72555 0.000
4 DCS does not Granger Cause DVIX 0.43506 0.6476
4 DINDPRO does not Granger Cause DCS 3.34618 0.0473
4 DCS does not Granger Cause DINDPRO 3.60759 0.0282
4 DSLOPE does not Granger Cause DCS 4.10326 0.0321
4 DCS does not Granger Cause DSLOPE 2.09378 0.1248
4 DGS10 does not Granger Cause DCS 4.75376 0.0218
4 DCS does not Granger Cause DGS10 6.79781 0.0013

4.3.5. The Vector Autoregressive Model

In this paper, we determine the lag order based on the minimum criteria for LR,
HQ, SC, FPE, and AIC and the value of each lag period are used. The minimum
value of the lag period is represented by *, and Table 5 is the selection index in
the optimal lag period. The best lag order is chosen (Table 6).

According to the minimum principle of LR, HQ, SC, FPE and AIC, the results
show that the reasonable order of LR, FPE and AIC is 4th order, so the order of
the credit spread VAR model is 4th order.

1) Unit root test

According to the test results of the VAR model, it can be known that the es-
tablished VAR model is reasonable, but we need to know whether the VAR
model is stationary. In order to visually display this stationary, the unit root is
generally used. Intuitive expression of the root map, if all the points are in the
unit circle, indicating that the established VAR model is stationary, otherwise
the VAR model is non-stationary, thus the established impulse response func-
tion and variance decomposition are unreasonable. We use Eviews10.0 to make
the unit circles which are as follows:

From Figure 1, we can know that the unit roots of the VAR model are all in
the unit circle which implies that the VAR model is stationary.

2) Impulse Response Function of the VAR Model

The impulse response function is to analyze the dynamic influence of an in-
dependent variable or other variables on the system when the model is subjected
to a certain impulse. Based on the VAR model, we give these variables a positive
impulse and then observe the impact on credit spreads. We use Eviews10.0 to
make SLOPE, VIX, INDPRO, GS10 to credit spread impulse response function,
the results are shown in the following figures, the horizontal axis represents the
number of retrospective periods (unit: monthly), the vertical axis represents the
change of the corporate bond spread, and the solid line represents the trend and
direction of the impulse response function, reflecting the response of the corpo-
rate bond spread and the corresponding influencing factors. The dashed line in-

dicates the deviation band formed by the positive and negative two standard
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Figure 1. The unit circle.

Table 6. VAR model lag order test result.

Lag LogL LR FPE AIC SC HQ
0 -3035.737 NA 34.4965 17.7302 17.7862 17.7525
1 —2937.866 192.3177 22.5553 17.3053 17.6410* 17.4390
2 —2889.041 94.5174 19.6317 17.1664 17.7818 17.4115
3 —2836.909 99.4010 16.7629 17.0082 17.9033 17.3648*
4 —2807.363 55.4729% 16.3314* 16.9817* 18.1565 17.4497

deviations of the impulse response function. This paper uses the impulse re-
sponse function to verify the dynamic utility between the credit spread and
SLOPE, VIX, INDPRO, GS10.

As can be seen from the above Figure 2, when the industrial production index
has a positive impact, the impact on the corporate bond spread is obvious. In the
first period, the impact is positive, and then the impact decreases quickly. In the
third period, the negative maximum value is reached, then it rises and slowly
converges, and in the eighth period, it converges to zero. During the graphic ob-
servation period, the impact of the industrial index on the credit spread in the
short term was negative for most of the period, and this trend starts from the
second period and continued to the tenth period. It shows that the impact of the
industrial production index on the spread of corporate bonds is negative, and
the finding is the same as Davies (2007). The impulse results show that when the
industrial production index increases, the corporate bond spread becomes nar-
row. This means that both in the long run and short run, the relationship be-
tween the industrial production index and the credit spreads is negative.

The figures also show that after giving a positive impulse on the risk free rate,
the impact on the credit spreads is very significant. In the first period, the impact
was small, the impact was positive, then decreased, and decreased to a negative
maximum in the third period, and then rising gradually converges to zero in the
sixth period. It can be seen that the impact of the risk free rate on the credit

spreads remains basically negative in the short run. However, in the long run, the
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Response of DCS to Cholesky Response of DCS to Cholesky
One S.D. DINDPRO Innovation One S.D. DGS10 Innovation

Response of DCS to Cholesky Response of DCS to Cholesky
One S.D. DVIX Innovation One S.D. DSLOPE Innovation

Figure 2. The impulse function of corporate bond spread.

risk free rate has a positive impact on the credit spreads, and the empirical re-
sults support previous literatures reported by Davies (2007) and Morris, Neale
and Rolph (1998). This implies that in the short run, when the risk free rate
rises, the credit spreads will decrease, and in the long run, the credit spreads will
increase.

Moreover, when the VIX is impacted, the impact on the corporate bond
spread is very obvious, reaching the negative maximum in the second period,
and then decreases. The fourth period reaches the negative maximum, but the
maximum is small, and then begins to produce certain fluctuations, which con-
verge to zero in the eighth period. It shows that the stock volatility has a signifi-
cant negative impact on the credit spread. Then the impact rises rapidly and
produces a positive impact, then falls to a negative impact, and finally converges
to a value of zero. It shows that the impact of stock volatility on the spread of
Baa corporate bonds in the short term is positive. This effect lasts for a long time
and the impact is relatively stable. By comparison, the impact of VIX on credit
spreads in the short term is greater than the impact of industrial price index and
10 year Treasury bond rate on credit spreads.

When the slope of yield curve has a positive impact, the impact of Baa corpo-
rate bond spreads is not very obvious. In the second period, the impact reaches
the negative maximum, then rises rapidly, and reaches the positive maximum in
the third period. It began to decline and gradually converges to zero after the
seventh period. Explain that the impact of slope on credit spreads is not very sta-
ble, but the general impact is positive, and the growth of Slope will cause positive
fluctuations in credit spreads. This result is consistent with Collin-Dufresn et al.

(2001) and Davies (2007), but does not support the research of Avramov, Jostova,
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& Philipov (2007). We find that the impact of the slope of yield curve is not very
significant, and the result shows that in the long run and in the short run the ef-
fects of the yield curve slope is opposite. The slope of the yield curve is not a
pure indicator of macroeconomic operation. It seems like a reflection of macro-
economic operations, so its impact on credit spreads is not significant enough
and the direction is not clear.

3) Variance decomposition

Since the VAR model is a model for studying the influence of endogenous
variables on other variables, the industrial production index, VIX, 10 years
Treasury bond rate, and the slope of yield curve are analyzed using the impulse
function. In order to analyze the magnitude of the impact of the dynamic model
of corporate bond spread, the following will analyze the industrial production
index, the 10 years Treasury bond rate, the VIX index, and the slope of yield
curve using the Cholesky variance decomposition. The results obtained by
Eviews10.0 for variance decomposition are as follows, where the horizontal axis
represents the lag, the vertical axis represents the industrial index, the 10 years
Treasury bond rate, the VIX index, the slope of yield curve and the contribution
rate of the change of corporate bond spread (unit: percentage) (Table 7).

Credit spreads are mainly affected by credit spreads themselves, industrial
production index, stock volatility, 10 years Treasury bond rate and the slope of
yield curve. The impact of credit spreads themselves has remained above 87% in
the tenth period. The impact of 10 years Treasury bond rate on credit spreads
reached a maximum of 0.7% in the first ten periods, indicating that the impact of
10 years Treasury bond is small; the impact of industrial production index on
credit spreads has increased over time, reaching about 4% in the tenth period,
and the impact of stock volatility on credit spreads reached a maximum of
7.6022% in the 10th period, and the maximum impact of the slope of yield curve
on credit spreads was 0.8404%. It shows that the current changes in credit
spreads in the short term are mainly affected by their own and stock volatility,
and are less affected by the industrial production index, the 10 years Treasury
bond rate, and the slope of yield curve.

Table 7. Variance decomposition result of corporate bond spreads.

Lag S.E. DCS DVIX DINDPRO DSLOPE DGS10
1 89.4856 100.0000 0.0000 0.0000 0.0000 0.0000
2 96.4445 95.3038 4.5053 0.0087 0.0466 0.1356
3 99.0541 91.7107 4.7946 2.9934 0.2705 0.2308
4 100.9216 89.4688 6.7369 2.8837 0.3245 0.5861
5 101.3760 88.6876 6.7033 3.1704 0.7927 0.6460
6 101.6518 88.2155 7.0299 3.2843 0.7928 0.6774
7 102.0277 87.6487 7.4479 3.4012 0.7940 0.7083
8 102.2768 87.2256 7.5445 3.6893 0.8203 0.7203
9 102.3389 87.1342 7.6044 3.7040 0.8303 0.7272
10 102.3532 87.1219 7.6022 3.7083 0.8404 0.7271
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5. Conclusion

This paper analyzes the credit spreads of the Baa corporate bond in the US using
a 28-year history. When researching individual company credit spreads, it is
more likely that individual company historical data is difficult to find, but the
use of macroeconomic variables in this paper can effectively avoid this problem.
Moreover, economists have done a lot of microcosmic research on US credit
spreads, but the literature from the macroeconomic point of view is relatively
few. Therefore, the innovation of this study is to find out the determinants of
credit spreads in the US in the macroeconomic variables. This article examines
the impact of risk free rates, the slope of yield curve, the stock market volatility,
and the economic environment on Baa corporate bond spreads from January
1990 to December 2018 by employing a VAR model. This paper uses cointegra-
tion to model the time-series of the credit spread with the interest rates, VIX in-
dex, industrial production index and the stock market volatility. The result
shows that the impacts of the industrial production index and the slope of yield
curve on the Baa credit spreads are negative, and the impacts of 10 years Treas-
ury bond rate and the stock market volatility on the credit spreads are positive in
the long run. Then this paper analyzes the short-run dynamic relationship be-
tween these variables by constructing a VAR model, analyzes the impulse re-
sponse function established according to the VAR model, and observes the im-
pact of the risk-free interest rate, economic environment, stock market volatility
and the slope of the yield curve on the credit spread of Baa. Through the ADF
test, the results show that the industrial production index, the risk-free interest
rate and the slope of the yield curve are non-stationary time series. When the
first-order difference is made for all variables, they are all stationary. And then
VAR is used to derive the short-term relationship between variables, and then
the impulse function and variance decomposition are used to derive the dynamic
relationship of the variables. The results show that in the short-term dynamic
relationship, the impact of the industrial production index and the 10-year
Treasury bond interest rate are negative for the credit spreads, and the slope of
yield curve and stock market volatility are positive for the BAA credit spreads.
The impact of the slope of yield curve for the credit spreads is not very obvious,
and in the long run and in the short run, the effects of the yield slope curve are
opposite.

The limitation of this article is that the data in this article is entirely from the
United States. For the time being, economists have done a lot of research on US
credit spreads and there are many related literatures. More and more researchers
hope to study the relevant content of new opportunities in the global market.
Especially now that the corporate bond market is booming in Europe, a valua-
tion framework to measure credit risk needs to emerge. If we try to draw conclu-
sions about the credit spreads in the European market from the conclusions of
this paper, we can only get an approximation, and we can’t accurately estimate

the behaviour of credit spreads in European markets.
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This analysis focus on the Baa corporate bond spreads, even if bond yields of
different credit ratings are affected by the aggregate economic variables, their
degree of response to the same variable will vary. Therefore, the suggestion is
that the same variable may have different impact on the corporate bond spreads

of different credit ratings, so the study is left for future research.
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