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1 Introduction: Motivating the use of the Hasbrouck
(1995) methodology for bond spreads and credit de-
fault swaps (CDS)

Why is understanding the procedures of price discovery and arbitrage links in financial
markets so important?

Price discovery describes the incorporation of new information into the price. Thus, it is of
high interest to traders where new information enters the price in order to optimize their
trading strategies. Besides, arbitrage relations can be used to increase yields.

In 1995 Hasbrouck outlined the predominance of the NYSE in the price discovery mech-
anism of stocks. In his article "One Security, Many Markets: Determining the Contribu-
tions to Price Discovery” he defined information shares associated with the contribution
to price discovery of the different stock markets. These information shares are defined as
the proportional contribution of a particular market’s innovations to the innovations in
the common efficient price. The Hasbrouck methodology is not limited to stocks, nor is
it just applicable to identical securities traded on different markets. It can be used for all
securities that share a common factor and are linked by arbitrage relations. Accordingly,
the price relationship between spot and derivative rates, bonds and corresponding futures
are analyzed using Hasbrouck’s methodology.

Therefore, Blanco et al. published a paper on ”An Empirical Analysis of the Dynamic
Relation between Investment-Grade Bonds and Credit Default Swaps” (2005). They test
the theoretical equivalence of credit default swap prices and credit spreads implementing
the Hasbrouck methodology. Triggered by their research Doetz repeats and amplifies the
analysis for a European data set. Thus, the methodology that was initially used for deter-
mining price discovery on the stock market is now applied to the markets of credit default
swaps (CDS) and bonds. In the credit market the driving question is whether there are
useful signals about potential risk at an early stage. Therefore, it is of interest to figure
out whether CDS premia or bond spreads are better signals and how the arbitrage relation
between these two indicators is empirically. I analyze the empirical relation of five bond
spreads and the corresponding CDSs in the following. I seek to test the empirical validity
of the theoretical arbitrage relation equating CDS prices to credit spreads.

The subsequent seminar paper is structured as follows. I will define and explain what

credit default swaps and credit spreads are in section two. In a third section I will explain



the theoretical model and the Hasbrouck weights that are used to attribute price discovery
effects to the two different credit risk instruments. Fourth, the treated data is presented.
Then, in a fifth part the analysis is conducted and I finally conclude in section six with a

brief summary and concluding comments.

2 Definition of bond spreads and CDS

What does a credit default swap, abbreviated CDS stand for? A CDS is an easy way to
trade credit risk as it transfers the credit exposure between parties. It is the most widely
used credit derivative and provides protection against the risk of a credit event. Often it
is compared with insurances as it is a hedge for the holder of debt. The protection buyer
pays a periodic fee in return for a contingent payment by the seller upon a credit default
happening in the reference entity. If a credit event does not occur until the maturity date,
the protection seller just receives the payments. In the case of credit default there are two

types of settlement:

e Physical settlement: repayment at par against physical delivery of a reference asset,

e Cash settlement: notional amount minus the post-default market value of the refer-

ence asset.

Most CDS contracts are physically settled, where upon a credit event the protection seller
must pay the par amount of the contract against the protection buyer’s obligation to deliver
the bond against which protection is being sold.

The typical term of a CDS contract is five years, although almost any maturity is possible.
CDS contracts also specify the credit events that entail payment obligations by the pro-

tection seller:

e Bankruptcy,
e Failure to pay with respect to the bond/loan debt,

e 'Restructuring’, which is a source of controversy in the CDS market.

With a CDS one can make profit without having invested anything as it is possible to sell
the other investor credit protection and receive the premium as long as the company does

not default. Furthermore, it is also possible to buy and sell CDSs that are outstanding.
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Like the bonds themselves, the cost to purchase the swap from another party fluctuate as

the perceived credit quality of the underlying company changes.

There are two competing theories for the pricing of credit default swaps.

1. "Probability model’

2. 'No-arbitrage model’

The "probability model’ takes the present value of a series of cashflows weighted by their
probability of non-default. This method suggests that CDSs should trade at a considerably
lower spread than bonds. The second model, proposed by Duffie, uses a no-arbitrage
approach for pricing CDSs. It is assumed that there is no risk free arbitrage. Duffie uses
the LIBOR as the risk free rate. In other applications US Treasuries are taken as the risk
free rate. The Duffie approach is frequently used by the market to determine theoretical
prices. For the subsequent analysis I will stick to the 'mo-arbitrage model’ proposed by
Dulffie.

Having defined CDS with Duffie’s 'no-arbitrage’ model indirectly also explains what bond/
credit spreads are. Bond spreads describe the difference between the yield of a corporate
bond and a risk free security of similar time to maturity. As mentioned above in practice
US Treasuries are often taken as the risk free rate. But as government bonds can be
distorted due to repurchase agreements swap rates are better benchmarks for the risk free
rate and used in this analysis. Besides, swap rates display the costs of financing of many
market participants.

Finally, the theoretical relation between a CDS price and the corresponding bond spread
can be written as: pcps: = pept, where pepg, denotes the CDS premia and pep; the
bond spread at t. This holds just if CDS and bond spreads price risk equally. If not there
is room for arbitrage.

Here I will leave the theory on CDS and bond spreads and go over to the structural model

and the econometric approach advocated by Hasbrouck.



3 The model: From a microstructure model to VECM
(compare Hasbrouck (1995))

3.1 A simple microstructure model

In his econometric approach Hasbrouck started off with an easily accessible microstruc-
ture model and transformed it into a vector-error-correction-model (VECM) that can be
estimated.
The simple microstructure model Hasbrouck introduces has the following form:

Dit = Prt—1 + Wy

D2t = P1t—2 T &t
The price variables are indicated with p, the w; and the ¢; are zero-mean i.i.d. and un-
correlated disturbances. In the first market the price follows a random walk. The second
market incorporates the price from the first market two periods lagged. Both series are
integrated and thus nonstationary. But the difference between the prices is stationary. The
prices do not move very far from each other. They are cointegrated. This microstructure

model can be written in many other valid representations:

e vector moving average form (VMA),
e common trends representation,

e crror correction model (ECM).

The error correction model looks as follows:

Apl,t = Wy

Apoy = (p1y—1 — P2i—1) — Ap1y—1 + &
The ECM can be estimated. There are infinitely many ECM’s that can be used for esti-
mation. The ECM can only be set up under the assumption that the prices in the two
markets are driven by an underlying common efficient price. That unobservable efficient

price follows a random walk.

3.2 Formal summary of cointegration

Next, in a more formal statement the cointegrated microstructure model is outlined: There
are n price variables that are closely related due to a common factor. That unobservable,
common factor m; follows a random walk: m; = m;_1 + u;, where u; is i.i.d. distributed

with zero mean and constant variance. The observed price series are integrated of order



one. Furthermore, the price changes are covariance stationary. Therefore the price changes

can be written in vector moving average representation (VMA):

Ap; = ‘I’(L)mm

where my is a zero mean vector with uncorrelated disturbances. The corresponding covari-
ance matrix i 2. W is a polynomial in the lag operator.

The difference between any two prices is stationary although each price is nonstationary.
The difference stationarity implies that the price series are cointegrated of order n — 1.
Constructing a /Bl(n—l)xn = [t(n-1) — I(no1)] yields n — 1 variables given by B'p; that are
stationary, where ¢(,—1) is a column unit vector and I(,_;) is the identity matrix. Sta-
tionarity of 3'p; requires that B'¥(1) = 0 and ¥(1) is the sum of the VMA coefficients.
Furthermore, given the structure of 3 the rows of W (1) are all identical and can be written
as ¥. The long run impact of a disturbance on the price is ¥(1)m; and the same for all
prices. Using these specifications the VMA representation can be transferred to a common

trends model:

Pt = Po+ <Z ms) ¢+ ¥ (L)m,,

s=1
with pg as a vector of initial values. The product 1) (Zizl ms) ¢ includes the random walk
that is common to all prices. ¥*(L) is a matrix polynomial in the lag operator, multiplied
by my; it is a zero mean covariance stationary process. Under the assumption that there is
a nonstationary vector autoregressive representation (VAR) for the price levels the vector
error correction model (VECM) can be deduced by the Granger Representation theorem.

The VAR representation of the price levels looks as follows:

A(L)pt =K+ my,

with A(L) =1— AjL — ... — AgLg. The order of the VAR is K.

With —A(1) =af and — 3/ | A; =T for j = 1,2,..., K — 1 the VAR can be written
as VECM:

Ap; = a(B'pi-1 — EBpr) + T1Ap1 + ToAp; o+ ... + T 1 Apy_ g1 + my



This VECM is just one particular specification but as already stated above in 3.1 there
are many other possible representations. Here (3 is constructed in such a way that the
cointegrating vector builds up the price discrepancies relative to the first price p; ;.

There could have been any other benchmark price. But each choice for cointegrating

vectors is only possible by imposing some normalization.

3.3 Deriving the information shares

After having specified the general setting the information share of a market is derived. The
random walk term m; is common to all prices. The component of the price change that
enters the price durable is the increment ¥m,;. It is assumed that the price change is due to
new information. The variance of @m, is ¥Q)’. If market innovations are uncorrelated,
the variance-covariance matrix €2 is diagonal. Assume there are n different markets, then
m;, is the innovation in the jth market. Thus, 1)’ consists of n terms, each of which
represents the contribution to innovation from one specific market. Market j’s information
share can thus be defined as the proportion of market j’s contribution to the random walk

innovation relative to the total variance:

ALY
Y’

This definition of market j’s information share holds only if price innovations are uncorre-

S;

lated across markets and the variance-covariance matrix €2 is diagonal. In most practical
applications, however, correlation plays a role. As part of the contemporaneous correlation
is due to time aggregation, correlation is minimized by shortening the interval of obser-
vation. But note, that shortening the observation interval only lessens contemporaneous
correlation. The remedy to the problem is triangularization of the variance-covariance ma-
trix €2. Triangularization yields upper and lower bounds for the information shares and is
done as follows:

The factor structure m; = Fz; gives the innovations in the n market prices. The vector
z; is a (n x 1)—vector of random variables with mean zero and Var(z,) = I. F is the
Cholesky factorization of £2. This factorization allows us to interpret z;; as the normalized
component of m;; that is orthogonal to the innovations that precede it in the ordering.

Thus, the information share of the innovation variance attributable to z; is:



2
(fwFy,)

qpﬂwl )
where [¢F]; denotes the jth element of the row matrix ¢ F. By factorization a hierarchy

Sj:

is imposed. The hierarchy is such that the information share on the last price is minimized
and that on the first price is maximized. Thus, an upper and a lower bound for the
information share of market j can be computed. For the upper bound @ and €2 are
permuted to place that market’s price first. For the lower bound that markets price is
placed last. An intuitive explanation of the information share states that it determines the
market that is the first mover in the process of price adjustment.

But note that information shares can only be computed for cointegrated data. Therefore,
some technique is needed to determine the leader in the process of price discovery for those

series that lack cointegration.

3.4 Granger causality test

Granger causality is a technique for determining whether one time series is useful in fore-
casting another. Here it is of use for those series that are not cointegrated.

A time series X is said to Granger-cause Y if it can be shown, that the X values provide
statistically significant information about future values of Y. Usually the testing is done
by a series of F-tests on lagged values of X with lagged values of Y also known. The test
works by first doing a regression of AY on lagged values of AY. Once the appropriate
lag interval for Y is proven significant, subsequent regressions for lagged levels of AX are
performed and added to the regression. But they are only added provided that they are
significant and add explanatory power to the model. Therefore in this context the VECM
is written and estimated as VAR and the coefficients are tested for Granger causality.
Although Granger causality can be found it does not imply true causality. If both X and

Y are driven by a common third process it is also positively tested for Granger causality.

4 Data and descriptive statistics

For the current analysis a sub-sample of the data set used by Doetz is treated. I take
five out of the 125 enterprises noted in the iTraxx-Europe. The iTraxx is a CDS index
composed of the two most important suppliers of CDS indices Trac-x and Dow Jones iBoxx.

According to market observers the liquidity of CDS contracts mapped in the iTraxx index



is fairly high. Exactly that high liquidity in the market increases the explanatory power
of the CDS quotes used here.

The current data set ranges from January 1, 2003 till October 31, 2006. As most CDS
contracts usually expire after five years prices from five year CDSs were taken. The bonds

were chosen as follows:

Only Euro bonds quoted in the stock exchange were taken.

The coupon of these bonds has to be risk free,

the maturity finite.

Synthesized five-year bonds were computed by the means of linear interpolation.
Therefore, two bonds where chosen with one bond that has a time to maturity below

five years and the other one above five years.

From the so derived synthesized bonds the spread was determined. Swap rates were selected
as the fixed interest rate.

For more general information on CDS and the construction of the bond spread see section
2. In table 1 some basic descriptive information on the bonds, the corresponding firms,
the country they are settled, the sector, and the number of observations in the CDS and
credit spread series are given. Furthermore, mean and standard deviation of bond spread
and CDS are presented. The table attaches to the five bond symbols (DAI, DET, ENB,
FRAT, VW) the relevant firms.

As can be seen, I use five European bonds, where four companies are settled in Germany.
Almost all series have the full rank of observations with only two exceptions but the
missing values do not matter for the analysis. Missing values are only at the beginning of
the sample. As the sample period is almost four years and I have just 1000 observations
at hand it is clear that the data is not high frequency data. Besides, over some periods
the prices are not updated, instead it is just continued with one value.

All CDS means are substantially bigger than the equivalent bond spread means. The same
holds for the median and the minimum value of the series (see appendix/section 8).
Besides, it is obvious from the large standard deviations relative to the means that bond
spreads and CDSs are rather volatile. The fact that the mayor characteristics from de-

scriptive statistics (mean, median, minimum) allocate a higher value to the CDS indicates
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Figure 1: Time series of DaimlerChrysler’s bond spread and CDS

that the CDS premia is bigger than the bond spread over large parts of the series. To
show that I present a figure that displays a time series over the sampling period. In the
figure DAI stands for the bond spread and DAIC refers to the CDS of the DaimlerChrysler
bond. From figure 1 it is obvious that the bond spread and the CDS of an identical bond
move parallel but over long periods the CDS series is above the bond spread series. The
figures of the bonds left can be found in the appendix (section 8). The DET, FRAT and
VW series have a similar pattern, even though the distance is narrower in the case of DET
and FRAT and there are more crossings. The ENB figure differs the most but the general
picture of co-movement is kept.

It is quite straightforward now to analyze whether the series exhibit cointegration and in

which market price discovery takes place. That analysis is done in the following section.

5 Results and interpretation

In this section the analysis is undertaken. The data described in section 4 is exploited. For

the analysis I use the software package EVIEWS.

5.1 Tests for integration and cointegration

In order to perform time series analysis according to the theory explained in section 3 I
have to test my data series for integration first. Blanco et al. and Doetz make use of the
KPSS test for stationarity. The KPSS test differs from other unit root tests in that the

series is assumed to be stationary under the null. I test the series first under the assumption
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that it has an intercept and second under the assumption that it has an intercept and a
trend. In the first case the null of stationarity can be rejected for all series at the 1 percent
significance level. Under the second setting the null can not be rejected for one series (for
detailed results see section 8.3).

As the KPSS test is criticized of having low power and as some authors argue that it has to
be complemented by an ADF test, I implement the ADF test as main testing instrument.
The null is: 'bond spreads and CDSs are I(0)’. Three cases are looked at: First there are
no additional assumptions imposed on the series, second I allow for an intercept, and third
a trend is added to the intercept. I conduct the ADF test in that manner that EVIEWS
chooses the optimal lag-length automatically and then tests for unit root. As I aim for
non-rejection the results from the ADF test are not very strong either. Furthermore, there
is one troubling point, namely that the unit root is rejected under all settings for the FRAT
series. The ADF test with intercept and trend yields the most appealing results although
it is questionable from a theoretical perspective whether the data has a trend. But even

the ADF test with intercept and trend does not reject the null for all but the FRAT series.

‘simple’ ADF-test | ADF-test with intercept | ADF-test with intercept
and trend
Hj : unit root Hj : unit root Hj : unit root

bond spread CDS | bond spread CDS bond spread CDS
DET - - - * *kok KKk
ENB koxok ok koK kK *% ok
FRAT - - - - - -
VW koK * koK *¥k koK * Aok * Aok

Table 2: Results from the ADF test for non-rejection of Hy: */**/*** indicate significance
at a 1/5/10 percent significance level, - indicates a result where Hy could not be kept

Although I could not keep Hj for the FRAT series I will assume those to be non-stationary
as the KPSS test rejcets stationarity for the FRAT data as well.

Thus, in the next step all the equivalent series can be tested for cointegration as cointe-
gration tests the correlation between non-stationary time series variables. The series are
said to be cointegrated if two or more series are themselves non-stationary, but a linear
combination of them is stationary. I test the series of the bond spread and the CDS prices
for cointegration using the Johansen test. The results can be seen in table 3. Again I use

first the test with no imposed assumptions, second I allow for an intercept, and third the
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test with intercept and trend is conducted.

Johansen’s cointegration test
no assumptions with intercept with intercept and trend
DAI not unambiguously allocable at most one *** not unambiguously allocable
DET None * None * None *
ENB None * None * None **
FRAT None * None * None *
VW not unambiguously allocable None ** None *

Table 3: Results from the cointegration test: */**/*** indicate rejection at a significance
level of 1/5/10 percent.

The fact that the hypothesis of no cointegration can be rejected for 4 series - using the
test with intercept and the one allowing for intercept and trend - suggests that the CDS
market and the bond market price credit risk equally in the long run. The intercept that
is included should not bother us too much as it is probably due to mismeasurement of the
risk free rate.

Having detected the cointegration relationship I found empirical evidence for one of my core
questions, namely that there is an underlying common price to CDSs and bond spreads.

Thus, in the long run risk is priced equally in both markets except for some disturbances.

5.2 The VECM specification

As the conducted tests suggest that in four out of the five series the both markets price
risk equally in the long run, I concentrate on the dynamic behavior of the CDS prices and
the credit spreads now. Therefore, I use the econometric technique of a VECM to figure
out which market provides more information for price discovery.

In order to choose the best VECM specification I compare the AIC and the SIC criterion. I
check VECM’s for up to 20 lags. Often the smallest AIC and the smallest SIC differ greatly
in position. I select the optimal lag length for the analysis by picking the specification with
one of the lowest values of the AIC. Doetz who works on the same sample allows for eight
lags maximally. He just considers the Akaike criterion. As I could not find significant
cointegration results for a lag length up to eight for the DET series, I combine the AIC
with the SIC criterion. Moreover, I also consider the SIC as it prefers thinner models
compared to the AIC. Besides, I do not just want to fix a lag length exogenously without

any reason from the estimating point of view or any theoretical reason. Further explanation
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on my choice can be found in the appendix (see section 8.4). Note, that for the Johansen
cointegration test, done in section 5.1, I have already implemented the lags corresponding
to the smallest AIC/SIC resulting from the different VECM’s I estimated.

Hence, for all series the best VECM according to the AIC/SIC criterion is estimated. Here

in my specific case the VECM I estimate looks as follows:

p p
Apepsy = U1 (Pepsi—1 — @ — capesi—1) + Z 01;Apcps—j + Z Y1;Apcsi—j + e
j=1 j=1

p p
Apcst = Y2 (Pepsi—1 — 0 — aapesi—1) + Z 02;Apcps,—j + Z Y2; Apcsi—j + €at,
j=1 j=1

where Ap ; stands for the price lags, the subscript C' DS denotes the credit default swap
and the subscript C'S denotes the bond spread. From the estimation of the VECM I get
the i-coefficients and the variance-covariance matrix of the residuals. Here the results
for a VECM with intercept is presented but I also estimated a VECM with intercept
and trend and another without any intercept or trend (see appendix/section 8.5). The
1-coefficients and the variance-covariance matrices are presented in table 4. If the bond
market contributes significantly to the discovery of the price of credit risk, then ; will
be negative and statistically significant as the CDS market adjusts to incorporate this
information. Thus, negative 1;-coefficients point out price leadership of the bond market.
If the CDS market is an important place for price discovery, than 1, will be positive and
statistically significant. Both markets contribute to price discovery if both coefficients are
significant. The -coefficients cautiously point to a dominance of the bond market in the
process of price discovery.

But looking only at the 1-coefficients is a weak measure for price discovery. Therefore, the
Hasbrouck information shares are constructed (theory: see section 3.3). The Hasbrouck
measures as they are constructed here represent the contribution of the CDS market to
price discovery.

As T just analyze the cointegration relationship between two series I do not need a Cholesky
decomposition of the variance-covariance matrix. The t-coefficients together with the
variance-covariance matrix of the error term are selected to construct the information

shares for the CDS market. They look as follows:
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As theoretically motivated the information share consists of an upper and a lower bound.

HAS; =

Some authors argue that the mean of the upper and lower bound is a valid measure for
the average information share of a market. Therefore, I also compute the mean, labeled
M D .f The results for the Hasbrouck measures are also collected in table 4. According to
these measures from almost no price discovery up to 97 percent price discovery takes place
at the CDS market.

As it is obvious from the computation, the upper and lower bound of the Hasbrouck
measure deliver only useful results if they are not too far apart from each other. Most of
my bounds however have a huge spread except for the ENB bond. But they state at least
that the CDS market contributes to price discovery even though the amount is vague.
Comparing the results from a VECM with intercept with those of other reasonable VECM
specifications shows that the estimates can differ tremendously when only small changes

in the analysis are made (see appendix/section 8.5).

5.3 Granger causality test for DAI

As the DAI bond is not cointegrated it is actually not correct to define where price discovery
takes place using the VECM coefficients. But instead a VAR model is estimated to look
for Granger causality between the bond spreads and the CDSs of the DAI bond:

p P
Apcpse = €1 + Z 01:Apeps—i + Z YiApes—i + Vit
i=1 i=1

p p
Apcsy = ca + Z 02 Apcpsit—i + Z Yo APest—i + Vo

=1 i=1

Next I test the v;. and d5. coefficients for Granger causality using an F-test. The result from
the Granger causality test rejects the hypothesis that DAI does not Granger cause DAIC
at a 1 percent significance level. Thus it can not be ruled out that past values of the bond
spread influence up-to-date CDS premia. The opposite hypothesis that DAIC does not

Granger cause DAI is also rejected at a 1 percent significance level. Hence, the Granger
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causality test for DAIC on DAI suggests that past values of the CDS prices influence
up-to-date values of bond spreads. This supports the theory of an underlying common

component and the intuition of co-movement gained from the plot of the two series.

6 Conclusion

In the preceding paper I conducted an econometric analysis of the long run co-movement
and the dynamic relation between bonds and credit default swaps.

I presented evidence that four out of five bond spreads and CDSs are cointegrated. Thus,
the parity relation between CDS prices and credit spreads holds on average over time
suggesting that the bond and the CDS markets price credit risk equally. But over large
periods CDS prices are substantially higher than credit spreads. This might be due to
contract specification as CDS prices often contain a CTD option and therefore place an
upper bound on the price of credit risk.

Furthermore, the dynamics of price discovery were analyzed. I pointed out the the results
greatly depend on the specification of the VECM. Besides, the upper and the lower bound
of the information shares have a huge spread. Therefore, the explanatory power of these
measures is low compared to information shares computed for stocks.

Although the information shares differ widely and the results are not always significant, it
can be deduced from the analysis that both markets contribute to price discovery. From
a macroeconomics point of view it can be stated that the CDS market fosters an efficient
allocation of credit risk. Furthermore, the CDS premia are helpful indicators of the credit
quality of firms to banks and other market participants. Nevertheless, one should not
concentrate on CDS premia only when evaluating credit risk.

As I worked on the same data as Doetz I should have confirmed his results. This is not the
case, all my numerical results differ. Especially the bounds of the information shares depart
in size. One obvious difference is that Doetz allowed for up to eight lags in the VECM
maximally. It could be the case that allowing for more than eight lags alters the results to a
vast extent. But it rather points to a poor analysis technique for the data at hand. Besides,
I estimated three different VECM specifications and got out huge differences in allocating
information shares to the different markets. I can just suppose that Doetz imposed some
restrictions, which are not known to me.

At the very end of my paper and after having drawn the mayor conclusions from the
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analysis I will state some critique. Hasbrouck introduced the preceding estimation method
and allocation of information shares for identical bonds trading at different markets. Here it
is applied to bond spreads and CDS premia. Given the theoretical parity relation between
the two markets holds the analysis is valuable. But it seems to be the case that the data
has to be manipulated tremendously and one has to fish for econometric tests and VECM
specifications that fit the data in order to get out poor results. Besides, the European data
is low frequency data which explains why Doetz’ and my results are worse than Blanco’s
et al. results. Furthermore, Blanco et al. figured out that for American bond markets
CDS prices lead over credit prices in the price discovery process. I find in accordance with
Doetz that bond spreads lead over CDS prices.

I am not sure about the scientific surplus of the analysis as I had to influence and fiddle
my data to get out weak results. Doetz gets on average a difference of 0.149 between
the upper and the lower bound of the Hasbrouck measure. Whereas Blanco et al. just
estimate a difference of 0.08. As stated earlier it may depend on the data and the sampling
period as Blanco et al. use mainly US bonds and exclude outliers. Whereas Doetz analyzes
European data for a different sample period. Another issue is that both sampling periods
are rather short although long run effects are studied.

Further research and possibly improved analysis techniques will give deeper insight into
the relation between CDS and bond spreads. Till then we keep that both markets price

risk equally up to a certain disturbance, and further both are important for price discovery.
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8 Appendix

8.1 Descriptive statistics (continued)

It is obvious that the medians for all CDSs are bigger than for the bond spreads, the same

holds for the minimum values of the series. Except for the ENB bond the maximum CDS

values are also bigger than the maximum bond spread values. Whenever the CDS values

are bigger than the corresponding bond spread value this is indicated in bold.

Median Minimum value Maximum value
Bond spread CDS Bond spread CDS Bond spread CDS
DAI 55.2190 76.3920 32.5771 46.5000 126.4104 170.8820
DET 39.9172 45.1530 18.7703 23.7500 223.2596 242.3330
ENB 22.5205 25.5265 8.2383 12.6880 87.3074 65.7500
FRAT 37.7639 48.4720 17.1086 25.9640 258.2770 295.9170
VW 43.9784 55.3155 6.2378 22.5190 75.5268 93.1760
Table 5: Descriptive statistics (continued)
8.2 Graphs

Time series for all five bond spreads and CDSs display that the corresponding series move

similar.

Over large periods the CDS lies above the bond spread. However, there are

crossings. The CDS series are indicated with a ’C” at the end of the bond abbreviation

and printed in red, the bond spread series are printed in blue.
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8.3 KPSS test

The KPSS test tests time series for stationarity. The null of stationarity is tested against
the alternative hypothesis of integration; */**/*** indicates rejection of the null at a
significance of 1/5/10 percent given the critical value of 0.739/0.463/0.347. Therefore,
stationarity can be rejected for all series and both types of KPSS tests except for the CDS
of the DAI bond in the specification with intercept and trend. I let EVIEWS automatically
choose the bandwidth. The default setting, the Newey West Bandwidth, is used.

2006

KPSS test with intercept | KPSS test with intercept and trend
Hy : Stationarity Hy : Stationarity
Bond spread CDS Bond spread CDS
DAI 2.0094* 2.7278%* 0.4815%* 0.2731
DET 2.1921* 2.0608* 0.7136** 0.6373%*
ENB 3.3378* 3.567T7* 0.4129%*** 0.4987**
FRAT 1.9570* 1.9955%* 0.6268** 0.5319**
VW 2.7810* 2.3752%* 0.4974** 0.5607**

Table 6: Results from the KPSS test

8.4 The AIC and SIC selection criterion

The table 7 shows the AIC and SIC selection criterion for the best VECM. I estimated
the VECMs for 2 up to 20 lags. I derived the smallest distance between the ith smallest
AIC and the jth smallest SIC as selection criterion for the VECM specification, which I
derived. The AIC of the finally in the analysis estimated specification is indicated in bold.
The numbers in brackets indicate the i/j smallest AIC and SIC values, respectively. The
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smallest values for AIC and SIC where determined up to the 7th smallest entry. I chose
that lag length where there is never more than one entry between one of the smallest AIC’s
and one of the smallest SIC’s. T always decided for the lag length with one of the smallest
AIC’s. The selection is just conducted once for a VECM with intercept. It is obvious that
such kind of selection is as arbitrary as just setting a maximum lag length as Doetz does.
Thus, looking for the best VECM by choosing the smallest distance between some small
AIC and SIC can be seen as an attempt to work scientifically but is corrupted by the data.

8.5 Results for different VECM specifications

As noted in the principal part of the paper the VECM is estimated for three different
specifications. The results for the VECM without intercept and trend assumption, and
the results for the error-correction model with intercept and trend are presented below in

table 8 and 9.
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