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Abstract

The reliability of the credit default swap market was questioned repeatedly during
the EMU debt crisis. This article examines whether this development influenced sovereign
EMU CDS prices in general. We regress the CDS market price on a model risk neutral
CDS price obtained from an adopted reduced form valuation model in the 2009-2013
period. We look for a breakpoint in the single-equation and multi-equation econometric
models in order to show the changes in relationships between the CDS market and model
prices. Our results differ according to the risk profile of a country. We find that in the case
of riskier countries, the relationship between the market and model price changed when
market participants started to question the ability of CDS contracts to protect their
buyers. Specifically, it weakened after the change. In the case of less risky countries,
the change happened earlier and the effect of a weakened relationship is not observed.

1. Introduction

A credit default swap (CDS) is a derivative contract where one counterparty
(CDS buyer) agrees to pay regular payments (CDS spread or CDS premium) to
another counterparty (CDS seller) either until maturity of the contract or until
the credit event of a reference entity, whichever comes sooner. The CDS seller agrees
to compensate a loss incurred by the buyer in the case of a credit event before CDS
maturity. The compensation usually corresponds to the difference between a nominal
amount of some underlying asset issued by the reference entity and its recovery
amount. This implies that, for the buyer, the CDS represents a form of insurance
against default of the underlying asset and the seller acts asan insurer.

Recent developments in Europe have brought about discussions about sovereign
default and financial markets have witnessed how European authorities act under
the pressure of a looming default. Also, the terms and conditions of a CDS contract
were tested during the European debt crisis and did not pass the test. In this article,
we are looking at the proper functioning of a CDS contract and, by using market
data, we attempt to verify whether it worsened during the European debt crisis.
In the case that it is confirmed, a more serious discussion about CDS contracts needs
to be initiated. Not only the terms and conditions should be rephrased, but also
the approach of supranational organizations to sovereign default should be made
more transparent.

" This work was supported by the Czech Science Foundation under Project of Excellence No. 402/12/G097
and Project No. GA 14-02108S.
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Specifically, we analyze whether and how recent developments in Europe
influenced sovereign EMU CDS market prices. We evaluate the CDS model price
using the standard probabilistic CDS pricing model of Hull and White (2000) and
compare it with the CDS market price to see whether there was any apparent change
in this relationship between 2009 and 2013. Our main hypothesis is that the relation-
ship relaxed at the end of 2011, when the initial uncertainties about the Greek debt
restructuring and CDS settlement trigger appeared, i.e. the CDS market price is not
driven by the model price to the extent it used to be and investors’ trust in the instru-
ment decreased. The change is detected using a break-point analysis and the relation-
ship between the market and the CDS model price is estimated using seemingly
unrelated regressions—for five and ten years’ maturity of all variables.

The article is divided into eight sections. Section 2 presents our motivation
in detail, analyzing the historical context. Section 3 provides a review of the available
literature in this field. In Section 4, we present all data needed for a consecutive
analysis. Our empirical analysis is performed in the next three sections. In Section 5,
we evaluate the CDS model price using a basic no-arbitrage model. In Section 6,
we estimate single equation regressions and look for breakpoints in the regressions.
In Section 7, the main model is estimated using seemingly unrelated regressions.
Section 8 provides policy recommendations in the context of our results. Section 9
concludes the paper and discusses possibilities of further research.

2. Historical Context and Motivation

The European sovereign debt crisis brought forthan important question, which
is studied in detail in this paper—the basic purpose of CDSs was questioned. First,
while Greece was gradually heading towards default, the definition of the credit
event' that triggers CDS early settlement caused doubts (Reuters, 2011; Bloomberg,
2012a). After that, when Greek CDSs were finally settled, the fact that Greek CDS
holders were compensated for their losses was only a matter of fortunate coincidence
and pointed to incorrect formulation of the CDS terms and conditions (IMF, 2013).

The Greek difficulties were to be solved by, among other things, partial restruc-
turing of the country’s bonds. This restructuring basically consisted of lengthening
their maturity and lowering their coupon. The main Greek bond holders were
addressed with the terms of the restructuring and they were asked to agree to its
voluntary basis. If this restructuring was voluntary and not binding for all bond
holders, it would not trigger CDS settlement according to the ISDA (International
Swaps and Derivatives Association) EMEA Determinations Committee, which is
responsible for the decision on the occurrence of acredit event (ISDA, 2012a).
As aresult, Greek bond investors that agreed to the restructuring and that bought
protection against Greek bonds in their possession via CDSs would not be com-
pensated for their losses. They would continue to pay for the protection and hold
the CDSs, the maturity of which would no longer match the maturity of the new
Greek bonds.

" A credit event is defined as at least one of the following: bankruptcy, failure to make a principal or
interest payment, obligation acceleration, obligation default, repudiation/moratorium (for sovereign bor-
rowers) or restructuring. All these events are referred to as a default.
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In February 2012, Greece inserted a collective action clause (CAC) into
the existing bonds’ terms and conditions. The retroactive insertion of the CAC itself
was perceived as a default by some market participants. For example, Standard &
Poor’s downgraded these bonds to SD—selective default—arguing that “the issuer’s
unilateral change of the original terms and conditions ofan obligation may be viewed
as a de facto restructuring and thus a default by S&P's published definition” (Standard
& Poor’s, 2012). By contrast, on 1 March 2012, the ISDA EMEA Determinations
Committee released a statement that a credit event on Greek bonds had not yet
occurred (ISDA, 2012b).

Following negotiations with investors’ representatives, Greece finally accom-
plished that on 9 March 2012 85.8% of Greek debt holders voluntarily accepted
the restructuring scheme and exchange of their bonds.” This restructuring participa-
tion rate enabled Greece to activate the CAC, which also forced the remaining
investors to participate in the restructuring. In response, the ISDA EMEA Deter-
mination Committee announced a restructuring credit event and early CDS settle-
ment was triggered (ISDA, 2012c¢).

This persistent period of instability preceding the Greek default was filled
with uncertainty and speculation about possibilities that, with European and IMF
bailout packages and smart and soft formulation of actual debt restructuring, CDS
payment could not be triggered at all in the end (see, for example, Reuters, 2011, or
Financial Times, 2012).

Another negative surprise appeared when CDS contracts were settled. At the time
of CDS settlement, when investors were expected to hand in Greek bonds, old bonds
had already been exchanged for the new package of bonds (a combination of low-risk
notes issued by the European Financial and Stability Fund and new, restructured
Greek bonds). The CDS settlement price was then determined based on the new
Greek bonds’ value, i.e. it was dependent only on the new bond value and it did not
take into account the structure and value of the restructuring package. Had the struc-
ture of the package or the price of the new bonds been different, CDS investors
would have either ended up with aloss or gain on the transaction.” Considering
the fact that this was the biggest sovereign debt restructuring in history, where EUR
200 billion of Greek bonds were exchanged, that was a very fortunate coincidence.
Conversely, investors in the CDS of SNS Reaal NV, aDutch bank that was
nationalized in February 2013, were not so lucky. The principle of the CDS settle-

% The participation rate among investors was 95.7% and investors tendered 85.8% of sovereign bonds
governed by Greek law (Bloomberg, 2012b).

3 Under the restructuring scheme, for every 100 Greek bonds, bondholders received 15 low-risk notes issued
by the European Financial and Stability Fund (EFSF) worth 100% of the bonds’ value and 31.5 new Greek
bonds worth about 22% of the bonds’ value. The total value of the restructuring package was 15 * 100% +
+ 31.5 * 22% = 21.9, i.e. aloss of 78.1% on bonds. The payout (compensation) on the CDS was set to
78.5%, which more or less covered the loss on bonds. If, for example, the portion of EFSF bonds had been
higher, the CDS payout would have been the same, as it was dependent only on the price of the new Greek
bonds and the total outcome for the investor would have been positive. Or, imagine a case with no EFSF
bonds and only 31.5 new Greek bonds, but with the new bonds having a shorter maturity and some other
favourable terms that bring the price to around 100%. The payout on the CDS would then be zero and
investors would not be compensated for the loss incurred when exchanging 100 old bonds for 31.5 new
bonds.
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ment was similar to the Greek case, but the payout on the CDSs covered only 4.5%
of their losses.

There are two indicators that reflect the functioning of the CDS markets: first,
if aloss onan underlying asset triggers CDS settlement and, second, if the CDS
settlement is triggered, whether investors are fully compensated for their losses. Both
of these indicators pointed to malfunctioning of the markets during the EU debt
crisis. Our aim is to evaluate the impact of this development on the market prices
of CDS.

3. Literature Overview

To be able to compare the model and market price of a CDS, we used the re-
duced form CDS valuation model. The reduced form or intensity-based model
defines default using the hazard rate or default probability function. The model was
introduced by Jarrow and Turnbull (1995) and Duffie (1999). In this article, we use
the version presented by Hull and White (2000), who apply the theory to CDSs.
A CDS is priced based on a default probability function, which is extracted from
bond yields. Parity of the model was tested by Longstaff et al. (2003), Longstaff et al.
(2005) and Blanco et al. (2005) on selected liquid companies in the corporate and
financial sector and by Houweling and Vorst (2005), who recommend using the swap
or repo rate as arisk-free rate rather than government bond yields. A drawback
of this model is that the bond spreads that are used to determine the CDS spread
contain other factors such as liquidity and tax effects which should not influence
the CDS spread (Chen et al., 2007). Nevertheless, Longstaff et al. (2005) divided
the corporate bond spread into default and non-default components and discovered
that the default component represents at least the majority of corporate bond spreads
even for the highest investment-grade firms. Another weakness is that some
researchers documented that it is the bond price that follows the CDS spread
in the price discovery process and not vice versa (Coudert and Gex, 2010; Delatte,
2012). On the other hand, O’Kane (2012) found that this causality differed for dif-
ferent European sovereigns during 2009-2011 and in the case of some sovereigns, he
discovered Granger causality in both directions.

In this paper, we examine eurozone CDSs in the context of the recent Euro-
pean debt crisis. Similar data are examined by, for example, the aforementioned
O’Kane (2012), who uses the Granger causality test to compare the CDS and bond
prices, and Calice et al. (2011), who show credit and liquidity interactions and
discover that the liquidity of the CDS market substantially influences bond credit
spreads. Annaert et al. (2013) study recent euro-area bank CDSs and point out that
determinants of their price, such as default risk, liquidity, business cycle and risk
aversion, vary strongly in time. Another view is presented by Hull ez al. (2004), who
carried outan analysis showing that credit spreads provide helpful information
in estimating the probability of negative credit rating changes and that credit rating
downgrades carry no new information for a CDS market. Other authors that deal with
CDS determinants during the financial crisis are, for example, Badaoui et al. (2013)
and Beirne and Fratzscher (2013).

The most recent paper with a similar focus is that of Giindiiz and Kaya (2014),
which observes the persistence and co-movements of CDSs of eurozone countries
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Table 1 Summary of Downloadable Data

| Data Reference Bloomberg ticker .
nstrument t N Currency : Maturity
ype entity (5year maturity)
GTATS5Y, GTBEF5Y,
government  9eneric bid GTFIM5Y, GTFRFsY, S\ SV 1Y
bond and ask EUR GTDEMS5Y, GTGRD5Y, 5Y’ 6Y’ 7Y’
yield ] GTIEP5SY, GTITL5Y, GTNLS5Y, 8Y’9Y’ 10\’(
Austria, GTPTESY, GTESP5Y Govt .
Belgium,
Finland, AUST CDS USD SR, BELG
France, CDS USD SR 5Y, FINL CDS
Germany, USD SR 5Y, FRTR CDS USD
Ireland, |ta|y‘ SR 5Y, GERMAN CDS USD
credit default bid and ask  Netherlands, USD SR 5Y, GREECE CDS USD
swap spread Portugal, Spain SR 5Y, IRELND CDS USD SR
5Y, ITALY CDS USD SR 5Y,
NETHER CDS USD SR 5Y,
PORTUG CDS USD SR 5Y,
SPAIN CDS USD SR 5Y Corp
Goldman
Sacgtsa’n"l’"e‘;rgan GS CDS USD SR 5Y D14, MS
P Morgén CDS USD SR 5Y D14, JPMCC 5Y, 10Y
Chase. Bank CDS USD SR 5Y D14, BOFA
of America CDS EUR BR b7 D14, GG
credit default mid spread M%rrllltLyl:ch, EHSR[;)r CDS USD SR 5Y D14,
swap Bk CRDSUI CDS EUR SR 5Y
Citigrodp D14, BACR CDS EUR SR 5Y
Credit Suis’se D14, UBS CDS EUR SR 5Y
Barclay's ’ D14, HSBC BK CDS EUR SR
Capital, UBS, 5Y D14 Corp
HSBC Holdings
cross- .
currency ~ Pid and ask EUR/USD  EUBSS5, EUBS10 Curmncy
swap swap rate

after the global financial crisis. The paper documents the spread of persistent CDS
uncertainty among peripheral eurozone countries and spillover effects increasing
the probability of contagion among those countries.

4. Data Specification

The time series data downloaded from Bloomberg and used for the purposes
of this article are summarized in Table 1.

We chose to study ten eurozone member states with the most liquid market
data at beginning of our observation period: Austria, Belgium, Finland, France,
Germany, Ireland, Italy, the Netherlands, Portugal and Spain. Germany is used as
a benchmark for calculation of the other countries’ risk spread; therefore, Germany
is not displayed in the results. Greece is excluded because of its default during
the observation period and its very high and illiquid prices preceding the default
event. Because of the lack of liquidity and unavailability of generic bond yields, we
did not include Cyprus, Luxembourg, Malta, Slovenia or Slovakia.
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The date 1 December 2009 is chosen as the starting date for our analysis.
The reason for this is that at the end of October 2009 Greece admitted to having
the highest debt in modern history, revising its budget deficit forecast from 3.7% to
12.5% of GDP (European Commission, 2010) and soon after that the European debt
crisis started. Our aim is to study the change that occurred during the second half
of 2011. The end point is 31 January 2013, which leaves us enough time thereafter.
We use daily frequency of all data, which provides us with 828 observations.

Government bond yields enable us to evaluate CDSs and reach the CDS model
price in Section 5. The resulting model CDSs have a different denomination than
market CDSs. Therefore, market CDSs are adjusted by the EUR/USD cross-currency
swap value.*

There are several factors that may cause the market price of a CDS to deviate
from the CDS model price. Recent literature points to the two main factors—
counterparty risk and liquidity risk. Therefore, we included proxies of both of these
factors in the regression analysis in Section 6 and Section 7.

With respect to the counterparty risk, the CDS model price is derived from
government bond spreads and does not take into account the riskiness of the seller
of a CDS. If the seller defaults, he does not compensate the buyer in the event that
there is a default of the underlying asset and the CDS buyer is no longer protected.
As aresult, it is expected that the CDS premium will rise with increasing counter-
party risk.

A counterparty credit risk might be included directly in the reduced form
model for a CDS valuation (e.g. Hull and White, 2001) or its effect can be observed
using a regression analysis of CDS prices (e.g. Arora et al., 2012). The advantage
of the second approach is that it takes into account risk mitigation techniques such as
collateralization of liabilities. These techniques are often applied in practice and might
result in a significant decrease of the role of counterparty risk.

As ameasure of CDS counterparty risk, we used the average CDS quotes
of the top ten investment banks according to their fee revenue in 2011 collected by
Bloomberg Markets Magazine (2011). These banks are significant CDS dealers.
The following banks were included: Goldman Sachs, Morgan Stanley, JP Morgan
Chase, Bank of America Merrill Lynch, Deutsche Bank, Citigroup, Credit Suisse,
Barclay’s Capital, UBS and HSBC Holdings. For more details on the data, see Table 1.
These CDS dealers are comparable to those used by Arora et al. (2012) in their
analysis of CDS counterparty risk. They use CDS quotes of 14 CDS dealers. In addi-
tion to all of the CDS sellers that we used, they include BNP Paribas, the defaulted
Lehman Brothers and the Royal Bank of Scotland.’

The second measure to be included in the regression analysis is liquidity risk.
The CDS market, which has the effect that the scope of liquidity proxies is limited.

* The cross-currency swap may be used to compare the yields of the same floating rate bonds with
a different denomination. Buying a bond in one currency should be equivalent to buying a similar bond
in another currency together with a cross-currency swap between the two currencies. Although the liquidity
profile is different in the case of credit default swaps, we find this adjustment of market CDSs denomi-
nated in USD as the most suitable solution to account for different currency denominations.

’ The article analyzes the time range from 31 March 2008 to 20 January 2009, i.e. the period before Lehman
Brothers defaulted and when Bank of America and Merrill Lynch were still separate entities. Both of these
dealers are included in the analysis. Bank of America acquired Merrill Lynch in January 2009.
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The most heavily used proxy for liquidity in the academic literature is the bid-ask
spread of prices or yield bid-asked (e.g. Calice et al., 2013; Badaoui et al., 2013).
In line with this approach, we used the bid-ask spread of the sovereign CDS quotes.
Calice et al. (2013) model the CDS spreads using a Merton model to analyze liquidity
spillovers of sovereign CDSs in Europe. In their article, they discuss the appropriate
measure of liquidity and emphasize that for the CDS and bond markets the bid-ask
spread or the yield bid-asked is in fact the only available liquidity proxy. On one
hand, if liquidity is low, the buying side of a CDS will have to pay more for protec-
tion to compensate the seller for credit and liquidity risk. On the other hand, the seller
sells the CDS for a cheap price to the buying dealer, i.e. at a low bid. As aresult,
in the case of poor liquidity, the bid-ask spread of a CDS premium is expected to
rise. All data are available for two maturities—five and ten years. The reason for
having only these two maturities is that they are the most liquid ones. As a result,
the CDS quotes are the most reliable.

5. CDS Model Price Calculation

To be able see how the CDS market price reacts to the CDS model price, we
first need to evaluate the CDS model price. To do so, we use the widely-used basic
no-arbitrage CDS valuation model presented by Hull and White (2000). In Hull and
White (2001), this model is enhanced by including the risk of the CDS writer in
the CDS price. Being aware of the fact that counterparty risk might playan important
role in CDS pricing, we account for counterparty risk in a subsequent analysis.

The Hull and White model is based on several assumptions about the calcula-
tion itself and about the input parameters. The fact that these assumptions were made
might affect the resulting model price and the model risk might deflect our results
in the subsequent sections. Therefore, we adequately discuss the assumptions in
the following sub-sections and conscientiously select the inputs. It was verified by
the authors of the model themselves (Hull and White, 2000) and also by other authors
(Longstaff et al., 2003; Longstaff et al., 2005; and Blanco et al., 2005) that the model
matches reality well and it is the most common model used for CDS valuation.
However, using any type of a model price is a source of model risk, which also needs
to be taken into account when interpreting the results.

5.1 Extraction of Default Intensity Q(T) from Bond Prices

If we assume that the the possibility of default is the only reason why
the present value of a defaultable bond differs from the present value of a default-free
bond with the same cash flows, we can estimate the risk-neutral probability of default
from bond prices. The model presented in this article works on this assumption.

We consider plain-vanilla CDSs with a nominal amount of one unit of cur-
rency. Suppose that for each CDS reference entity (in this case, a eurozone member
state) there are N bonds issued by the reference entity (hereinafter referred to as
the “issuer” in this section). Also, suppose that the maturity of the j-th bond is ¢ and
t) <ty < t3 < ... <ty Assume that time ¢ is a continuous variable expressed in years
and 7 > 0. Define g(¢)At as the probability of default of the issuer between times ¢ and
t + At as seen at time 0, i.e. g(¢) stands for the default probability density.
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As the first step, the model extracts g(f)At. Assume that ¢(¢) is constant and
equal to g; for #.; < ¢ < ¢. This simplified assumption is limiting to some extent;
the probability of default takes as many values as the number of bonds from which it
is extracted. Also, assume that default events, risk-free interest rates and recovery
rates are mutually independent. In our calculations, all bonds from one issuer have
the same seniority and, therefore, they should have the same recovery rate at a given
time. Additionally, we add the assumption that the recovery rate is independent
of time.

Then, ifan issuer defaults at time f#; < ¢, then the holders of the j-th bond
receive the claim amount C(#;) times the recovery rate R. As discussed by the origi-
nators of this model, a reasonable assumption is that the claim amount corresponds to
the nominal amount of the bond plus accrued interest. It follows that the present
value of the loss incurred by the j-th bond holder at time ¢ denoted as «;; is

a; :v(t,.)[Fj (tl-)—RCj(t,-):| (1)

where v(t;) is a risk-free discount factor, i.e. the present value of one unit of currency
received at time #; with certainty, and Fi(t) is the forward market price of the j-th
bond for a forward contract maturing at time ¢ including accrued interest.

Let us denote the present value of thej-th bond B; and the present value
of the j-bond as if it was arisk-free bond (i.e. future cash flows of the bond are
discounted by a risk-free rate) G;. Then the difference between these two prices
should correspond to the sum of possible losses multiplied by their probabilities:

J
G, —B; =>4q.5 2
i

i
where g, = | v(t)[Fj (1)-RC, (t)] dt -
ti1
From equation (2), we can deductively cal-culate g:
Jj-1
@‘%‘;%%
g, =—-—= 3
’ B;

5.2 CDS Spread Determination

Having estimated the risk-neutral probabilities of default, the next step is to
calculate the expected present value of CDS cash flows.

Firstly, we will evaluate the expected value of CDS premium payments. If
there is no default, then yearly premium payments w, made by the CDS buyer,
continue until maturity of the swap 7. The probability of no default over the whole
life of the swap is 7.

ﬁzl—?q(l)dl 4)
0

On the other hand, if there is a default at time ¢ < T, there isan early settlement
and the CDS buyer pays regular premium payments and the last premium payment

Finance a Gvér-Czech Journal of Economics and Finance, 66,2016, no. 6 517



before the default is reduced toan accrual part from the preceding premium payment.
As a result, the expected present value of CDS premium payments is

qu [ )+e ]dt+w7ru(T) %)

where u(¢) and e(#) denote the discount factors: u(f) is the present value of payments
at the rate of one unit of currency per year on payment dates between time 0 and #
and e(7) is the present value ofan accrual payment at time 7, which accrued between ¢~
and 1, where ¢ is the payment date immediately preceding time z. The first part
of equation (5) corresponds to the expected present value of CDS premium payments
in the case that there is a default during the life of the swap and the second part
corresponds to the expected present value of premium payments in the case of no
default over the whole life of the swap.

Secondly, we will evaluate the expected present value of the payment from
the CDS seller to the CDS buyer, i.e. the settlement amount in the case of default. It
corresponds to the nominal value of the reference bond minus its value just after
the default, which is—based on the assumption about the claim amount—the nomi-
nal value plus accrued interest expressed as a percentage of nominal value A(f), both

multiplied by the recovery rate R: 1-— [1 + A (t)} R . The expected present value
of the CDS payoff is then
T
[[1-R-A(t)R]q(t)v(t)ar (6)
0

The fair value of CDS premium payment w is the value of w, which makes
the net present value of CDS cash flows equal to zero, i.e. a value which makes
expressions (5) and (6) equal:

j[l R—A(t)R]q(t)v(t)dt
Iq [ )+e(t ]dt+7ru(T)

The value of s in equation (7) then shows the yearly CDS premium payment
expressed as a percentage of the CDS nominal amount.

(7

5.3 Model Inputs

We calculated the CDS model price for a five-year and ten-year maturity for
each of the eurozone countries listed in Section 4. For each country, we extracted
the probability of default in equation (3) using j = 12 benchmark bond mid-market
yields with the following maturities: three months, six months and yearly maturities
from one to ten years.

As a proxy for the risk-free rate, we used the benchmark German government
bond yields from which we calculated zero coupon yields. Longstaff et al. (2005)
extract the default component from bond yields using three types of discount curves:
interest rate swaps, repo rates and government curve. Their finding is that all three
curves yield robust results. The reason why we prefer the German bond curve over
the swap curve is that low-risk government bonds often traded below swaps during
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our observation period and that would lead to negative default probabilities.®
Although the swap curve is widely used as a benchmark in practice, the different
liquidity profile of these two instruments would not provide reasonable results in this
case. As Germany is used as a benchmark, the German CDS is not modeled and
Germany is not included in our analysis.

The recovery rate value is set to 53% for all countries based on historical
experience. It isan average sovereign issuer-weighted recovery rate from 1983 to
2010 according toan annual report of sovereign bond issuers’ default issued by
Moody’s (2011). This assumption is restrictive, but it can be shown that the impact
of the recovery rate assumption on the CDS model price is low. Duffie (1999)
evaluates, explains and illustrates the robustness of recovery rate selection in CDS
valuation. According to his study,an upward bias in LGD results in a downward bias
in the risk-neutral hazard rate and these errors approximately cancel each other out.
However, it is important to note that this property would not work for extreme values
of the hazard rate (for credit spreads of several thousands of basis points). Based
on that, Greece was excluded from our calculation because its model spread would
not be reliable.

Howveling and Vorst (2005) and Longstaff et al. (2005) offer a similar argu-
ment and both use a fixed recovery rate, with the latter fixing its value at 50%.

A similar fixed level is also used by the regulatory authorities. For example,
the Czech National Bank uses a fixed 45% LGD for estimation of the “sovereign risk
indicator”, which isan alternative to the probability of default and which is then used
to set banks’ limits on exposures to sovereigns. Regulation (EU) No. 575/2013 (Capital
Requirements Regulation) sets the level of LGD for institutions using the foundation
internal ratings-based (FIRB) approach to be applied at senior exposures at 45%.
In addition to that, the Bank of England sets a “sovereign floor” of LGD at the level
of 45% even for banks using the advanced internal ratings-based (AIRB) approach,
arguing that the reliability of estimates of LGD of sovereign debtors is rather low
(Bank of England, 2013).

As aresult of using generic bond yield-to-maturity data which are not assigned
a coupon, we expect that the bond trades at par and the coupon rate correspond to
the yield every day. The cumulative default probability used in equation (4) was
capped at 1. Although it is possible that after one default a country may default again,
a second default would not have any impact on the CDS price, as the CDS would be
settled right after the first default.

Computations were performed using Visual Basic in MS Excel.

5.4 CDS Valuation Results

We arrived at five- and ten-year CDS model prices. The development of the ten-
year model CDS spreads is depicted in Figure 1. The modeled values of most of
the countries peak at the end of November 2011 as a result of the escalating eurozone
debt crisis. The development of the five-year maturity is similar.

¢ For example, the ten-year German government bond yield was lower than the ten-year EUR interest rate
swap over the course of the whole observation period.
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Figure 1 Results of CDS Valuation: Ten-year CDS Model Price
(in percentage)

2010 2011 2012 2013
—— AUSTRIA —— BELGIUM ——= FINLAND
——- FRANCE ——- NETHERLANDS

2010 2011 2012 2013
—— IRELAND —— ITALY
PORTUGAL ——- SPAIN

Source: Authors’ calculations.

6. Single Equation Models

Our presumption is that if there are no uncertainties about the CDS contract
conditions, its market price should be closely related to its modeled risk-neutral fair
price. So, we regress the CDS market price on the CDS model price in a time series
OLS regression. The selection of additional variables included in the regression is
discussed in Section 4. To account for the default risk of the seller of a CDS, we
include a proxy for counterparty risk derived from the CDS prices of top investment
banks. To account for liquidity risk, a bid-ask spread of CDS quotes is included.

In this section, we will estimate the model separately for five- and ten-
year maturities and for each country. Our aim is to detect whether there was a break-
point during the observation period and, if so, when such breakpoint occurred, and
to estimate the model divided by the break point into two sub-periods. Based on
the results of these regressions, we will conclude whether it is possible to estimate
the model jointly for the five- and ten-year maturities for each country and arrive at
more accurate results.
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6.1 Model and Post-Estimation Analysis

The stationarity of all variables was tested using the augmented Dickey-Fuller
unit root test (Wooldridge, 2009, Chapter 11). The alternative hypothesis of the test
was that the variable is the best AR(p) model with p ranging from 1 to 20 selected
according to the Schwarz Information Criterion. As the data is mostly non-stationary
and highly persistent and there are visible trends, we used the initial differences of all
variables instead of their absolute levels. As such, the null hypothesis of the test that
the initial differences are non-stationary was rejected at the 5% significance level
in all cases. The results of the test using both the absolute levels and initial dif-
ferences of all variables are reported in Appendix 1.

We first separately estimated the following two regression equations for each
of the nine countries listed in 7able I as reference entities—without Germany (Germany
is considered to be a benchmark), i.e. we estimated 18 separate equations:

AmarketCDS _5Y, -~ = a; - AmodelCDS _5Y, - +a, -Acpty _SY, -+
i 5 i > - i 8
+oy cAlig_5Y, o +é&, ¢ ®
and

AmarketCDS _10Y, o = B, (AmodelCDS _10Y, ~ + 3, cAcpty _10Y, -+

. ©)
+ ﬁ3’cAhq B lOYtl_ Nelat/We

where AmarketCDS, ~ denotes the daily change of the mid-market CDS spread,
AmodelCDS, . denotes the daily change of the model CDS calculated in Section 5,
Acpty, ¢ denotes counterparty risk (i.e. the daily change in the average CDS of top
world investment banks) and Aliq,l_’c denotes liquidity risk (i.e. the daily change

of the CDS bid-ask spread) for time ¢, and country C. The “_5Y” ending of the vari-
ables in equation (8) denotes a five-year maturity and the “ 10Y” ending of equa-
tion (9) denotes a ten-year maturity of the variables.

These 18 equations were estimated three times for three different periods (i = 3):
tn=1,2,...828,,=1,2, ..., Tcand s =T+ 1, Tc + 2, ..., 828. Hence, in the first
stage we used the whole observation period of 828 days. In the next stage, we
divided the whole period according to a breakpoint 7 specific for each country.

After estimating the model using the simple OLS method in the first stage
(over the whole period), we performed a post-estimation analysis of residuals.
The presence of heteroscedasticity was tested using the Breusch-Pagan test (Wooldridge,
2009, Chapter 8). As expected, the null hypothesis of the homoscedasticity of re-
siduals was rejected in the vast majority of cases. For financial time series, it is com-
mon for volatility to change over time. In consequence, we used heteroscedasticity-
robust statistics (White, 1980) to interpret the results.

Serial correlation of the residuals was tested using the Breusch-Godfrey test
(Wooldridge, 2009, Chapter 12). The null hypothesis of no serial correlation was
rejected in six out of 18 cases. However, the model is quite stable. We tried a dif-
ferent proxy for liquidity (the bid-ask spread on the bonds’ market), but it did not
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have any significant impact on the results. Then, we re-estimated the model
includingan autoregressive term of order one AR(1) in the residuals. This measure
fixed the problem of serial correlation of residuals. Again, it did not substantially
impact the value of other coefficients or their significance.

The correlation coefficient between the regressors is mostly between 0.3 and
0.5, which does not point to collinearity.

6.2 Chow Breakpoint Test

Having appropriately estimated the model in equations (8) and (9), we per-
formed a Chow breakpoint test (Cipra, 2008). It divides the observation period into
sub-periods and tests whether the regression coefficients of these sub-periods are
different. Hence, it is able to detect a change either in the intercept or in any slope
coefficient.

The breakpoint, i.e. the date on which we suspect a structural break occurred,
needs to be known. For example, for the five-year maturity in the first sub-period,
the model is the same as in equation (8), i.e. for ¢, = 1, ..., T¢sy, the coefficients are
ac» ayc and a; . Tcsy denotes the break date for equation (8). In the second sub-

period, ie. for , = T¢sy + 1, ..., 828, the coefficients are (al,c +a4,C),
(az,c + as,c) and (“LC +atg ¢ ) . And the stability test isan F-test that tests the null
hypothesis H : ety o = 0,05 = 0,05 =0.

According to our hypothesis, the change point should occur at the time we
spotted the first articles and reactions of market participants speculating about
the CDS trigger in the case of voluntary debt exchange, i.e. around October 2011.
To detect the most probable change point, we performed the test monthly 14 times
for each equation with 14 different breakpoints starting on 1 January 2011 and
ending on 1 February 2012. The most probable breakpoint is the date with the highest
value of the F-statistics. Having two sets of F-statistics—for five- and ten-year
maturities—we needed to reach a single breakpoint for each country. We selected
the one with the highest sum of weighted F-statistics:

1 1
FC,SY FC,IOY

+
1 14 1 14
max{FC,Sy,...,FC’SY} maX{FC,IOYs"'9FC,10Y}

max ) ) (10)

FC,SY FC,IOY

v 1 @ 1 14
max {FC,Sy,. . Fc,sy} max{FC’loy,. o FC,IOY}

gy

where FCI’SY denotes the value of F-statistics for country C, maturity of five years with

a change point at 1 January 2011 and so on. The results are summarized in Table 2.
The presence of a change point was confirmed in all cases. Surprisingly, its location
differs across countries according to their respective risk profiles. The breakpoint
in the case of the riskier countries—Italy, Portugal and Spain—is 1 October or
1 November 2011, which means that there was achange in the model between

7 See, for example, Reuters (2011) and NY Times Dealbook (2011).
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1 September and 1 November. This result is exactly in line with our expectations.
The breakpoint in the case of the less risky countries—Austria, Belgium, France,
Finland and the Netherlands—is apparent earlier in 2011. We believe that the motiva-
tion behind this change was different—in February 2011, the creation of a European
bailout fund called the European Stability Mechanism was arranged. Member states
have to contribute to the fund, which issues bonds and offers financial assistance to
eurozone members if needed. As aresult, interconnection between the eurozone
countries increased.

The results for Ireland are rather unique due to one important piece of news
specific for Irish markets. In July 2011, the EU leaders decided to relax the con-
ditions of Irish loans from the EU under the EU/IMF financing program. The re-
action of the markets to this act is evident from the data and 1 August was also
unambiguously confirmed as the breakpoint date. However, the second highest value
of the weighted F-statistics is on 1 October 2011, which is in line with the less risky
countries.

In Table 2 we can also observe the nature of the change. The data do not point
to a one-off impact on the market; the change is rather gradual. There is not a single
pattern and there are differences between countries. However, we can observe that
the change in the case of the riskier countries is more distinct and the result is clearer.

Breakpoint 7¢ determined by the Chow test was then used to estimate the model
in equations (8) and (9) divided into two sub-periods: ,=1, 2, ..., Tcand =T+ 1,
Tc + 2, ..., 828. The motivation behind this estimation was to calculate the cor-
relation coefficient between the residuals from equation (8) and equation (9).*
In the case of correlated residuals, the seemingly unrelated regressions (SUR) model
achieves more appropriate results.

The correlation coefficient between five- and ten-year residuals ranges from
0.44 to 0.82. We tested its significance using a ¢-test with a null hypothesis of a zero
correlation coefficient between the residuals. The null hypothesis was rejected with
almost zero p-values in all cases.

There are two main conclusions of this chapter: 1. The SUR model is applic-
able in the case of all countries, and 2. the change point location is in line with our
expectations in the case of the riskier countries and it occurred earlier in the case
of the less risky countries.

7. Seemingly Unrelated Regressions

In the previous section, we mentioned that errors of the single equation model
are contemporaneously correlated. As a result, the simple OLS estimator is no longer
efficient. This result leads us to the SUR model (Cipra, 2008):

AmarketCDS _5Y, =o;AmodelCDS _5Y +a,Acpty _S5Y + a;Alig _S5Y + g
AmarketCDS _10Y = 5,AmodelCDS _10Y + B, Acpty _10Y + ByAlig_10Y +¢, (11)

£ ol opl
var 1 —0-= 11 12
& ol opl
¥ We do not present the results of the regression because of limited scope of this paper.
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where AmarketCDS _5Y. and AmarketCDS _10Y, are (T;c x 1) vectors of the depen-
dent variable, AmodelCDS _5Y., Acpty 5Y., Alig_5Y., AmodelCDS _10Y,,
Acpty _10Y. and Alig _10Y, are (T;c x 1) vectors of the independent variables. a;,

oy, 03, B1, Bo and B are scalar regression parameters. & and &, are (7;¢ x 1) vectors
of residuals with zero expected value. The terms o) =1, 2 and k£ =1, 2 stand

for the covariance between the residual term of thej-th and the i-th equation,
i.e. residual terms are contemporaneously correlated. I is a unit (7 x 7) matrix and Q
is a (27 x 27) variance matrix of the vector of residual terms.

We have T = 828 observations and the model is estimated separately for two
sub-periods, i = 1, 2. The whole period is divided into sub-periods by breakpoint 7,
derived in Section 6.2 for each country C.

In the SUR model, all independent variables are expected to be exogenous.
In the case of a linear regression model, the exogeneity means that the explanatory
variables should not be contemporaneously correlated with the residuals. To verify
this assumption, we calculated the correlation coefficient and tested the hypothesis
that it equals zero. We could not reject the hypothesis in any case, meaning that all
explanatory variables are exogenous.

To reach the best linear unbiased estimator of the parameters, the regression
equations in model (11) cannot be estimated separately. Therefore, the Aitken gener-
alized least squares estimator is applied. It is based on a non-diagonal property
of the variance matrix Q; see, for example, Cipra (2008) for more details.

The results of model (11) are summarized in Table 3. Additionally, after
estimating the model, we tested whether the coefficients in the two sub-periods are
equal using a Wald test, which mostly rejected the null hypothesis. The results
of the Wald test are provided in Appendix 2.

Again, the results divide the countries into two groups according to their
respective risk profiles. In the case of all riskier countries, such as Italy, Ireland,
Portugal and Spain, the value of the coefficients of the CDS model price decreased
after the breakpoint. Moreover, the adjusted R-squared coefficient also decreased
after the breakpoint in the vast majority of cases. These facts confirm our hypothesis
that the CDS market price in the second sub-period is not driven by the model CDS
price to the extent that it was in the first sub-period. It also points to the fact that
investors’ trust in CDSs decreased. On the other hand, our hypothesis is not con-
firmed in the case of all less risky countries, such as Austria, Belgium, Finland,
France and the Netherlands. This is a quite interesting finding, as it indicates that
the creation of CDS market prices is not universal, but is rather more likely country
specific.

In the case of the least risky countries in the first sub-periods (Finland, France
and the Netherlands), the coefficient of determination is low and the CDS model
price is not significant. This can be explained by the fact that the government bond
spreads of these countries oscillated around German government bond spreads, which
were used as a benchmark. In this case of low spreads, the CDS model calculation is
very sensitive to benchmark selection and it might not offer reliable results. As soon
as the spreads increase sufficiently above the benchmark, which happened later,
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mainly during the second sub-period, the model works well (almost all regressors
proved to be significant).

Counterparty risk is significant in all cases. In almost all cases, its role became
more important in the second sub-period.

The results for liquidity risk are not that uniform. Generally, the role of liquidi-
ty risk in the CDS market determination seems to have decreased in the case
of the less risky countries and increased in the case of the riskier countries, i.e.
the parameters changed between the two sub-periods in the opposite direction than
in the case of the parameters of the model CDS price. However, in several cases
the change was not confirmed to be significant. In combination with lower signifi-
cance of the liquidity proxy (it is significant in 58% of the equations), we cannot
come to a plausible conclusion. Such a finding is not incompatible with other
researchers’ results. The current findings show that the role of liquidity is not so
definite. For example, Collin-Dufresne et al. (2001) analyze credit spreads of plain-
vanilla corporate bonds and arrive at the conclusion that commonly used variables
including liquidity cannot explain the variation in credit spread changes. They stress
the importance of supply and demand shocks, which might bean important deter-
minant of credit spread changes. Although several studies conclude that lowering
liquidity increases the CDS premium payment (e.g. Badaoui, 2013 and Pan and
Singleton, (2008), Fabozzi et al. (2007) numerically reach the conclusion that
the impact of liquidity proxies on the CDS spread is not as obvious as in case
of a bond market. The penalty for liquidity should be accounted for in both the premium
payments and the compensation payment in the case of adefault. As aresult,
the impact of liquidity on CDS spreads might be both positive and negative depend-
ing on the risk-free discount factors and the survivor probabilities. In addition to that,
their regression analysis of CDS quotes from the financial, corporate and telecom
sectors showsan opposite relationship, i.e. increasing liquidity widens CDS spreads.

8. Market Context and Policy Impacts

The correctness of the CDS quotes is of high importance. During the recent
crisis in the eurozone, several member states were unable to refinance their govern-
ment debt or to bail out their banks and therefore they needed to be rescued by
external resources from other eurozone states, the European Central Bank or
the International Monetary Fund. Countries’ debt-to-GDP ratios have been watched
closely since the eurozone debt crisis. Similarly, Glindliz and Kaya (2014) stress that
eurozone CDSs, indicating market perception of indebtedness, are in the spotlight as
they have never been before.

As a result, the behavior of CDSs needs to be examined and subsequent policy
decisions should be taken to avoid malfunctioning of the markets. Unlike the debt-to-
GDP ratio, the CDS quote is influenced by factors other than indebtedness alone.
Policy makers are responsible for minimizing the impacts of factors such as doubts
about CDS terms and conditions and uncertainty about the ability of a CDS to protect
its buyers. It is very importance to set the conditions of this instrument so that they
are a reliable source//resource for financial markets.

This article contributes to the knowledge of sovereign CDS behavior. Based
on our analysis, we conclude that there has been a need for a change in the setting
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of the CDS terms since 2011. We showed that the link between the CDS market price
and the arbitrage-free model CDS weakened in the case of riskier countries. There
may be various reasons for this change. But the timing of the change corresponds to
the timing of the increasing uncertainty about the CDS settlement. In our opinion and
based on our discussion with various CDS market participants, it is very probable
that these uncertainties were behind the weakened link.

In October 2014, the terms and conditions of CDS contracts were changed
towards greater protection. Some trades were upgraded automatically, while trades
linked to governments, banks and some companies needed to be exited and re-agreed
upon under the improved terms and conditions. This action was aimed at rebuilding
trust in CDSs. This is a matter for further research aim at assessing its effects.

Another example of how policymakers react to the development on the sovereign
CDS market and to recent findings of researchers in this field is the naked CDS ban
in the EU starting in November 2012. The purpose of the ban was to address con-
cerns about the spillover and contagion effects from CDS markets to bond markets
pointed out in a paper by Delatte ef al. (2012). The appropriateness of such a regula-
tion has been criticized. For example, the Global Financial Stability Report of the IMF
(2013) analyzed the effects of the ban and discovered that the evidence does not
support the necessity of the ban and that the negatives of this regulation outweigh
the positives. The report was published shortly after the start of the ban, so the obser-
vation period was quite brief. Hence, analysis of the longer-term effect of the ban
in a broader context could be another topic of research.

9. Summary

Throughout this article, the relationship between the probability-neutral
market price of a credit default swap contract and its model value was examined.
We focused on the most liquid EMU countries except for Greece and the period
of the European sovereign debt crisis starting with the sudden reassessment of
Greece’s budget deficit.

In the first part of the article, we calculated the fair price of a CDS using
the basic and commonly used the reduced form model, which extracts the default
probability function from bond prices with different maturities. Using any kind
of a model price is a source of model risk, which needs to be taken into account when
interpreting the results. Our presumption was that if there are no uncertainties about
a CDS contract, the market price of CDS should be closely related to the model price.
Therefore, we regressed the CDS market price on the CDS model price in econo-
metric models, individually for each country and maturity.

We verified the presence of a breakpoint around the time we first spotted
articles doubting the presence of a CDS trigger, i.e. October 2011. Interestingly,
the change happened in line with our expectations only in the case of countries with
ariskier credit profile (Italy, Portugal and Spain). In the case of less risky countries
(Austria, Belgium, Finland, France and the Netherlands), it occurred earlier in 2011,
so there must have been a different reason for the change, namely the fact that
in February 2011, European authorities agreed on the creation of the European
Stability Mechanism. We believe that the establishment of such a bailout fund
increased the interconnection between the countries and caused the change. The case
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of Ireland is rather specific. Relaxation of the conditions of the EU/IMF loan to
Ireland had a greater effect on our model and pointed to a change point in August
2011. Other eurozone members (Cyprus, Luxembourg, Malta, Slovakia and Slovenia)
were not included in the analysis because of insufficient liquidity and missing market
data.

After obtaining the change point, which divided the estimation period into two
sub-periods, we used a two-equation SUR model for five- and ten-year maturities
of the variables to reachan efficient estimate of the parameters in each sub-period.
The weakened relationship between the CDS market and the model price was con-
firmed only in the case of the riskier countries—Ireland, Italy, Portugal and Spain.
The regression coefficient decreased and the adjusted coefficient of determination
mostly decreased between the two sub-periods as well.

Based on these findings and in accordance with our line of reasoning, it seems
that investors’ trust in CDSs did not decrease generally, but rather decreased only
in the case of the riskier countries. In the case of the less risky countries, the depen-
dence between the market and CDS model price increased, which points to the con-
clusion that trust might have increased, but it definitely did not decrease. This
contributes to the fact that since the EU debt crisis, investors have better distin-
guished between individual member states. Conversely, this result is quite surprising
because the attitude of the EU, the IMF and national governments to a country’s
insolvency and the treatment ofan early CDS settlement should be similar no matter
which EMU member state is defaulting, i.e. one might expect a uniform result.

The development commented upon in this article started discussions about
the correct functioning of CDSs as a hedging instrument and it resulted in some
reactions of international authorities aimed at improving the CDS market. Thus, there
is room for further research in this field. At the end of 2012, the EU banned naked
CDSs to prevent speculation. In October 2014, the ISDA changed the terms and con-
ditions of CDS contracts, thus expanding the list of events that trigger a CDS payout
in order to increase the reliability of CDSs. The impact of these measures should be
further examined. Sovereign CDS volumes increased substantially during the EU
debt crisis. Research in this field is important to help increase investors’ confidence
in CDSs and to learn lessons from the unprecedented case of Greece.
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Appendix 1 Augmented Dickey-Fuller Unit Root Test Results

AT BE FI FR IR IT NE PT SP

-1.62 160 -215  -1.88  -152  -1.86 209  -1.61  -2.03
(0.47)  (0.48) (0.23) (0.34) (0.52) (0.35) (0.25) (0.48)  (0.28)

-2.74 -1.99 1.75 -2.20 -1.69 -2.15 -1.94 -1.60 241

marketCDS_5Y

modelCDS_5Y  5'07)  (0.29) (0.40) (0.21) (0.44) (0.23) (0.31) (0.48)  (0.14)
cpty_5Y Eggg)

. 259 274 237 363 237 276 216 221  -3.99
a-°y (0.10)  (0.07) (0.15) (0.01) (0.15)  (0.07) (0.22)  (0.20)  (0.00)

183  -1.98 180 -1.87 174 198  -169 201  -2.18
(0.37)  (0.30) (0.38) (0.35) (0.41) (0.30) (0.44) (0.28)  (0.21)

261 -245 287 -186 -166 -1.96 250 -1.63  -2.13
(0.09) (0.13) (0.05) (0.34) (0.45) (0.30) (0.11)  (0.47)  (0.23)

marketCDS_10Y

modelCDS_10Y

-2.04
cpty_10Y (0.27)
lig 10 -2.15 -1.88 -2.37 -3.55 -2.53 -1.28 -3.66 -3.72 -2.10
1%y (0.23) (0.34) (0.15) (0.01) (0.11) (0.64) (0.01) (0.00) (0.25)
AT BE FI FR IR IT NE PT SP

AmarketoDs 5y 2468 1804 2722 1807 2138 2022 2551 -17.45 -17.18
— (0.00)  (0.00)  (0.00) (0.00) (0.00) (0.00)  (0.00)  (0.00)  (0.00)

2507 -17.71 2699 2662 -2320 -1959 2747 2268 -18.31
(0.00)  (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)  (0.00)

-16.80
Acpty_5Y (0.00)

AmodelCDS_5Y

2104 -2268 -1658 2185 -28.81 -24.04 -1555 2579 -24.97
(0.00)  (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)  (0.00)  (0.00)

2530 -23.02 -30.09 2545 -25.86 -22.15 2943 2448 -18.33
(0.00)  (0.00) (0.00) (0.00) (0.00) (0.00)  (0.00)  (0.00)  (0.00)

AmodelCDS 1oy 2540 2295 27.91 2911 2229 2211 3647 -16.36  -19.00
— (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)  (0.00)

-16.69
Acpty_10Y (0.00)

Aliq_5Y

AmarketCDS_10Y

157 1654 -17.92 -1658 2456 -1628 -1658 -19.40 -32.29 -16.86
- (0.00)  (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)  (0.00)

Notes: The stationarity of each variable was tested over the whole period for each country. In each case, two
values are reported. The top number is the value of the test statistic and its p-value is in the brackets
below. The upper table shows the results for levels and the lower table shows the results for initial
differences of the variables. In the upper table, the nonstationarity of nearly all time series cannot be
rejected at the 5% significance level. The lower table shows that all time series are stationary,
i.e. nonstationarity is rejected in all cases.

Source: Authors’ calculations.
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