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Estimating Redenomination Risk Under Gumbel-Hougaard

Survival Copulas

Abstract

We study the dependence between redenomination and default risk for Italy, France, Germany
and the Netherlands exploiting the 2014 revision of ISDA CDS contract standard. For these
countries redenomination has become a credit event under the new standard, while it was not
so under the old standard. Both contracts are currently traded. Using MLE on transformed
data we simultaneously estimate the dependence of the two risks and an unbiased measure of
redenomination risk. This allows cleaning the estimate of redenomination risk from the bias
due to dependence. The unbiased estimate unveils a feature common to all four countries.
Redenomination risk has risen and remained above default risk since February 2017, when
the U.K. Parliament officially approved the formal request to start the Brexit procedure. We
find that after February 2017 the CDS market has mostly priced redenomination as the most
likely outcome of the next sovereign crisis in the Euro area. Finally, we use a Marshall-Olkin
approach to model the dependence of redenomation risk of the countries and to estimate a
measure of the end of the Euro. The measure obtained is very close to the value of the German
CDS, in support of the widespread market practice of using that contract as tail-hedge against
end of the Euro.

Keywords: Redenomination Risk, Default Risk, Credit Defualt Swaps, Sovereign Bonds,
Euro crisis

JEL Codes: C002,C58,E44,F45,G01,G13



1 Introduction

A sovereign debt crisis in Europe could materialize in terms of outright default on
public debt obligations and/or redenomination of the currency. It is natural to
expect dependence between these two events since they typically depend on some
common frailty factors in the sustainability of public debt. The purpose of this
paper is to estimate this dependence, and to show that ignoring it induces a bias in
the measure of redenomination risk.

On technical grounds, if default and redenomination risk are dependent, the
instantaneous conditional probability that either of the two could happen is not
equal to the sum of the marginal intensities (that is the marginal instantaneous
conditional probabilities). Instead, it could be broken in the sum of the conditional
probabilities of either of the two events occcuring before the other. These intensities
(called i-intensities in Bielecki et al. 2007) collapse to the marginal intensities only
if default and redenomination risk are independent.

Since 2014, an institutional innovation in the CDS market has made possible
the estimation of dependence between default and redenominaton risk and the un-
biased estimation of the latter. In 2014 ISDA introduced a vast revision of the
CDS standards. Among other changes, the ISDA 2014 standard stated that for all
the European countries, sovereign CDS can be triggered the first time that either
default or redenomination occurs !. This marked a change with respect to the pre-
vious standard, dated 2003, for those European countries that are part to the G7
group (Italy, France and Germany) and for OECD countries with AAA-rated debt

(the Netherlands)?. For these 4 European countries, under the 2003 standard rede-

IThe 2014 ISDA credit derivatives definitions at page 42 state a redenomination credit event as ”...any change in
the currency of any payment of interest, principal or premium, to any currency other than the lawful currency of
Canada, Japan, Switzerland, the United Kingdom and the United States of America and the euro and any
successor currency to any of the aforementioned currencies (which in the case of the euro, shall mean the currency
which succeeds to and replaces the euro as a whole).”, ISDA (2014), page 42.

2The 2003 ISDA credit derivatives definitions, at page 32, state that a credit event is not triggered if redenom-
ination is to a permitted currency: ” Permitted Currency” means (1) the legal tender of any Group of 7 country



nomination was not a credit event and has become a credit event under the 2014
one.

Both the contracts under the 2003 and 2014 are currently traded in the market,
with the 2003 standard trading at a lower premium than the 2014 one. Unfortu-
nately, to the best of our knowledge a formal analysis of the relative level of trading
acticity is not available. However, a casual observation of the number of contracts
that we performed for July 20, 2021 and July 21, 2021 showed that the trading
activity on contracts underwritten under the 2003 contract remains significant, even
though lower than that on the 2014 standard contract. In the two days we reckoned
142 new contracts under the 2014 standard and 96 under the 2003 standard. The
2003 contract is still traded for two reasons: first, the 2003 contract is cheaper than
the other, even though it provides less protection; second, when redenomination risk
is material, it can be used to build a synthetic hedge. The evidence for Italy seems
to be consistent with the latter argument. In fact, for Italy, where one may expect
higher redenomination risk, we counted 52 contracts under the 2014 standard and
47 under the old one. So, the trading activity in the two contracts is comparable
(one is more than 90% of the other). Moreover, the trading volume on Republic
of Italy represented more than 40% of the trading activity of the four countries,
confirming a robust demand for hedging associated to higher risk.

Following this innovation, a measure of redenomination risk called ISDA basis
was proposed in blog posts by Minenna (2017) and Gros (2018). The ISDA basis is
the difference between CDS premia under the 2014 ISDA standard and the corre-
sponding ones in the 2003 definition. The robustness of this measure with respect
to liquidity considerations was proved by Kremens (2019). Bonaccolto, Borri and

Consiglio (2020) also exploit the ISDA basis, exploring the information content of

(or any country that becomes a member of the Group of 7 if such group of 7 expands its membership) or (2) the
legal tender of any country which, as of date of such change, is a member of the OECD and has a local currency
long-term debt rating at AAA...”



CDS denoted in different currencies. In this paper we build on this idea to show
that using the CDS quotes under the two definitions makes it possible to estimate
the dependence between default and redenomination risk and to compute an un-
biased meaure of redenomination risk. In other words, while in general the ISDA
basis considered as the outright difference between the CDS spreads in the alter-
native ISDA standards would be biased, we illustrate here that it is possible, and
relatively easy, to correct this bias, by Maximum Likelihood Estimation (MLE) on
transformed data (Duan, 1996, 2000).

Technically, the cases of Germany, France, Italy and the Netherlands provide an
interesting inverse derivative estimation problem: we observe the price of First-to-
Default (FTD) derivative contract on two events, default or redenomination, and
the price of just one of the two, namely default. The former is the CDS quote under
the 2014 ISDA standard, the latter it the CDS quote under the 2003 one. The
estimation procedure allows to recover the premium of a CDS contract representing
protection against redenomination only.

Of course, the bias generated by dependence between default and redenomina-
tion could also affect other measures of redenomination. In particular, De Santis
(2019) proposes a Quanto-CDS measure, defined as the difference of Quanto-CDS
(the spread between CDS quotes in dollars and euros) for several countries and those
of Germany. Also in this case the purpose is to clean the CDS quotes from credit
risk. This may be subject to debate since Quanto CDS is not a direct measure of
redenomination, and actually measures the conditional depreciation of the currency
given a credit event, including those occurring to corporate borrowers (see Ehlers
and Schoenbucher2004, El-Mohammadi, 2009 and Brigo, Pede and Petrelli, 2018).
However, for what matters here, even if one accepted that a Quanto-CDS measure

could clear credit risk, the outright subtraction of CDS in euros from CDS in dollars



would produce a biased measure of redenomination risk if default and redenomina-
tion risk are dependent. The same applies to similar measures based on prices of
other products denominated in different currencies (Eichler and Révekamp, 2017).

Of course, the measure extracted from the ISDA standard innovation is available
only for four countries (even though a core part of the Euro area market), while while
the other measures proposed in the literature are available for all the countries of
the Euro, at the cost of being less direct and more noisy. We will show that the
measure obtained for the four countries affected by the ISDA change can play a
role as a reference model to check the robustness of the other measures. Finally,
recognizing dependence among risks may also be relevant for the related literature
that considers redenomination among other risk factors explaining the dynamics
of sovereign bond spreads (Di Cesare et al. 2012, Dewachter et al., 2015, Afonso
et al. 2018, Krishanmurthy, Nagel and Vissing-Jorgensen, 2017, Bayer, Kim and
Krivolutsky, 2018).

Having addressed the question of the unbiased estimation of redenomination risk
for every country, the next obvious goal would be to study the cross-border link
of redenomination events and the relevance of a catastrophic event of break-up of
the Euro. Among practitioners it is well known that tail-hedgers use the CDS on
Republic of Germany as a proxy for this extreme risk. Here we propose to model the
break-up of the Euro as a common shock Marshall-Olkin model. Redenomination of
each country is decomposed in a break-up of the Euro component and a idiosyncratic
component. We show that this model produces an estimate of the risk of Euro break-
up that is quite close to the German CDS, confirming the market practice.

The structure of the paper is as follows. In section 2 we model dependence
between default and redenomination risk with constant intensities. In section 3 we

show how to estimate the redenomination measure allowing for dependence with the



risk of default. In section 4 we report empirical evidence on redenomination risk
for Italy, France, Germany and the Netherlands, both at the country level and in a
cross-country analysis including a scenario of simultaneous redenomination events

leading to the end of the Euro. Section 5 concludes.

2 CDS and the Financial Mathematics of Redenomination

2.1 The CDS Market

Here we describe the basic financial mathematics of the CDS markets that will be
used in the following sections. We will use both CDS on a single event, i.e. default,
and a first-to-default (FTD) CDS paying protection the first time that either of
the two credit events (default or redenomination) occurs. The analysis is general
and preliminary to any implementatiion (ISDA basis, Quanto CDS and others). It
merely addresses the correct way to decompose a CDS that pays the first time that
either default or redenomination occurs in CDS contracts on each event.
In continuous time, the CDS premium on a single credit event 7 is

 Li Jy B(w)dGi(u)
3 B(w)Gi(u)du

CDSt -

where B(t) is the risk free discount factor, G;(¢) denotes the survival function of
event ¢ and L; is the loss triggered by the event. The survival function G;(t) is

defined from the instantaneous conditional default probability called intensity A; (%)

. _ Gyi(t) = Gyt + h) 9G; (1)
< —+ = = — = \:(1).
i Prt <7<t hir>1) = lim Gi(t) DGy (t) Ailt)

Applied to our problem, we set ¢ = D, R where D is default and R is redenomination:

L 9Gp(1) 1 9GR() 1

ot Gp(t) Ap(t) ot Gr(t) An(t) (1)




Before proceeding with the analysis, it is important to discuss the identification of
the intensity of the event \; and loss severity L;, Typically, in CDS applications it is
customary to use a value of 60% by market convention. This cannot be done here,
where a key issue is to compare both intensity and severity of two events. Since
it is impossible to identify intensity and severity of both events, the most optimal
feasible solution is to adopt the approach in Duffie and Singleton (1999). In their

model the severity is included in the definition of intensity:

pp(t) = Ap(t)Lp 1r(t) = Ar(t)Lr (2)

and the new intensities pu;(t) represent a comprehensive measure of default and
redenomination risk. From now on, in this paper we will use this new definition of
intensity, with the definition of CDS updated to

cps, — i BEW
fo B(u)F;(u)du

where Fj(t) is the survival probability corresponding to intensity p;(t).

In general the intensity is modelled as a stochastic process in the so called double
stochastic models. Here we restrict the analysis to constant intensities up(t) = pup
and pgr(t) = pgr. It may be proved that in this case the term structure of CDS premia
is flat and the CDS premium is equal to intensity (see Brigo and Mercurio,2006 page
735-736). In applications, the constant intensity approach, known as the simple rule,
is used as an approximation, particularly in cases, like our analysis, in which liquidity
considerations advise to stick to the maturity where the trading activity is mostly
concentrated, that is 5 years in the CDS market.

In what follows, we will need a multivariate extension of the concept of CDS,

namely a bivariate First-to-Default (FTD) contract written on default D or rede-



nomination R. The extension is immediate if we define Fpg(t) the joint survival
probability beyond time ¢, that is the probability that neither default or redenomi-
nation would occur before time ¢. Care should be taken when extending this concept
to our specific problem. In fact, while in standard FTD swaps it is usual to assume
the same loss given default so that it is immaterial which credit event occurs be-
fore the other, here it would make a difference if redenomination or default occurs
first. For this purpose, we follow Bielecki et al. (2007) and define the concept of
1-FTD-intensity. This is the instantaneous conditional probability of credit event ¢
taking place, given that no other credit event has taken place yet. We term this the
intensity of a credit event occurring first.

In our case we have

Gpr(tp,tr) — Gpr(tp + hitg) ~ 0Gpr 1

lim = = \p(t
h—0 GDR<tD7tR) atD GDR D< D)
. Gpg(tp,tr) — Gpr(tp,tr + h) 0Gpr 1 <

lim = — = A\p(t
h—0 GDR(tDatR) 8153 GDR R( R)

where S\i,z’ = D, R is the -FTD-intensity of default and redenomination.
As for a comparison between these intensities and the marginal ones, in Appendix,
Lemma 5.1 we proved that

N <\, (4)

t = D, R with equality holding only if redenomination and default are independent.

Now, if we simply take the total derivative of Gpr(tp,tr) it is evident that the
FTD-intensity is the sum of the instantaneous conditional probabilities that each
one occurs before the other. Indeed, this requires to add the assumptions that
the joint survival function is absolutely continuous, so that the probability that

redenomination and default occur at the same time is zero. We can then specify the



FTD intensity and the way it can be decomposed into the individual intensities.

Proposition 2.1. If the joint survival function Gpr(t) = Gpr(t,t) is absolutely

continuous the FTD intensity is defined as

t) — t+h
lim Pr(t < 7p, 7 < t + hlmp > t, 75 > t) = lim Gpr(t) — Gpr(t + h)

h—0 0 GDR(t> - A<t)a

with Gpr(t+h) = Gpr(t+h,t+h). The FTD default intensity can be decomposed

in the sum of the i-FTD intensities:
A(t) = Ap(t) + Ar(t) (5)

Remark 2.1. It is easy to show that this is not true if the joint survival function
is not absolutely continuous, that is singular. In this case, we have limy,_,o Pr((t <

Tp =Tr <t+h|tp > t,7Tp > t) = S\O(t) >0, and
A(t) = Ap(t) + Ar(t) + Ao(t) > Ap(t) + Ar(t)

where :\i(t),z' = D, R has to be redefined as the probability of event i alone to take
place before the other. Alternatively, we could say that it represents the instantaneous

conditional probability of event i occurring strictly before the other.

We can now introduce the loss severity of default Lp and redenomination Lg. As
for marginal intensities, we redefine the -F'TD intensities embedding the percentage

of loss:

fip(t) = Ap(t)Lp fir(t) = Ar(t)Lr (6)

The corresponding FTD intensity is redefined accordingly as:

tpr(t) = fip(t) + fgr(t) (7)



Now, the FTD swap premium can finally be written just like a univariate CDS as

fo dFDR )

FTD, =
fo B( )Fpr(u)du

Note that the definition Fpg(t) recalls the marginal survival functions F;(¢) meaning
that the severity of loss is included in the intensity.
As for our task of recovering a measure of redenomination risk from information

implied in market prices we may summarize the results of this section as follows:

Proposition 2.2. Assume that for some maturity t we observe the joint intensity

ipr and the corresponding default risk intensity pup. Then,

Upr — p = ArLr & Fpr = FpFhr

If redenomination and default are dependent (Fpr > FpFr), the bias is

tpr — tp = figr — (p — fip)

Note that if there is positive dependence between default and redenomination risk
the plain difference between the FTD intensity and the marginal intensity of default
underestimates the redenomination intensity: this simply follows from pg > fig and
KD > [ip.

The next goal is then to specify a dependence model for redenomination and

default.

2.2 Dependence between Default and Redenomination

We demonstrated that if redenomination risk and default risk are dependent the
intensity of a FTD on them (that is the conditional probability of the first time

that either of the two occurs) cannot be decomposed as the sum of the marginal

10



intensities. We now investigate a specific dependence model allowing to split the
FTD intensity in a non linear function of the marginal intensities, with the non
linearity linked to the degree of dependence.

We work in the most general setting for the representation of dependence, that
is copula function theory (see Nelsen, 2006 for a mathematical introduction and
Cherubini et al. 2004 for financial applications). This is a way to break a joint
distribution, or survival function, into a function of the marginal distributions, or
survival functions, and their dependence structure. Here we apply the copula tool

to survival functions, the so called survival copulas. We write

Fpr(tp,tr) = C (Fp(tp), Fr(tr)) (8)

where C'(u,v) is a copula function.

While copula functions represent in full generality the link between marginal and
FTD survival functions, some restrictions on the choice is needed to express the
dependence link in terms of intensities. In our case, we want to express Fpr(t,t) =
exp(—uprt) as a function of F;(t) = exp(—pu;t),i = D, R. Denote: u; = exp(—p;).

If we want to express the link in terms of intensities we need functions that satisfy:

Fpg(t,t) = exp(—pupr)" = C (up, uf) (9)

This gives a function for upg

por = —log [C (Ui:)v Uﬁa)l/t] (10)

Now, if we assume that marginal intensities are flat, that is constant across maturi-

11



ties, and we require the same for upg, this clearly requires
Clup,up) = C (up,ug) "

Copula functions satisfying this property are called Eztreme Value Copulas (EVC).
In this analysis, we use the most famous EVC model, and the only one that is also
part of the family of Archimedean copulas (whose advantage for estimation will be

discussed below). This is the Gumbel-Hougaard copula and is defined as
C(Fp, Fr) = exp (— [(~ log Fp)” + (= log Fr)’] ") (11)

where 6§ € [1,00) is a parameter representing dependence. It is immediate to check
that § = 1 corresponds to independence, that is FpFg. It may also be seen that
as 0 grows to infinity the copula function converges to perfect dependence, that
is min(Fp, Fr). The copula function cannot represent negative dependence. We
may immediately check that the Gumbel copula can be fully specified in terms of

Intensities:

C(Fp(t), Fr(t)) = exp(—ppnt) = exp (= [(upt)? + (urt)’] ")

1/6
—exp (= [(up)’ + (u)]""t)  (12)
The link between FTD and marginal intensities is then

por = (1D + 1) e (13)

Note that the relationship is linear only if § = 1, that is redenomination default risk
are independent. At the other extreme we have that when the two risks become

comonotonic, that is § — oo, we obtain pupr = max(up, (r)-

12



What remains to be done is to recover a function for fi;,i = D, R, that we
called the -F'TD intensity and represents the instantaneous conditional probability

of event ¢ occurring first. We have that
fi = M?N};Ra (14)
The proof is reported in Appendix. Here we only note that
KDR = fld + R (15)

as can be easily verified using equation (13). Again, we have fi; = p; only if § =
1. We can then summarize our results on dependence of intensities in a Gumbel-

Hougaard model as follows.

Proposition 2.3. In the Gumbel-Hougaard dependence model with marginal inten-

sities ;i = D, R and dependence parameter 6 € [1,00) we have

1. pipr = [l + ]

2. fir = phppy and fip = phupy

3. upr = fip + IR

3 Maximum Likelihood Estimation

So far, we have explored the relationship between marginal intensities of default and
redenomination and their FTD intensity. The analysis applies to all the approaches
that are used to recover or estimate redenomination risk and could be also used in
other applications. Here we exploit the ideal opportunity for an econometric appli-
cation that is offered by the revision of the CDS standard undertaken by the ISDA

in 2014 discussed in the Introduction. This new standard provides new data that

13



can be used to simultaneously estimate the redenomination risk and its dependence
with default. More precisely, if we denote ucgros and pcgris the CDS quotes under

the 2003 and 2014 standards, we have:

1. pcros = pp

1/6
2. peria = por = [ + 1] /

If redenomination and default risk are linked by a Gumbel-Hougaard copula with

dependence parameter 6 € [1,00) the redenomination intensity is

nr = [hr — 1]’ (16)

So, ug is the premium that an investor would pay for a CDS that pays protection
against redenomination only.

Note that we face an inverse problem. While typically we observe the marginals
and we estimate the dependence structure and the FTD, here we observe the FTD
intensity and the marginal intensity of default. We know that in cases like this
Maximum Likelihood Estimation (MLE) solution is available, and is called MLE on
transformed data (Duan,1994, 2000).

To show how the approach work, let us start asking what the ML estimation
problem would be if we were allowed to observe all the underlyings of the FTD
contract. In our setting, this would be a standard copula estimation problem. The

copula to be estimated would be
FDR:C(FDaFR) (17)

Assuming to observe time series of the marginal probabilities Fp and Fr for dates

14



{t1,...,tn}, the MLE problem would be written as

m@aX£ = IOgL (FR,tM ey FR,tn7 FD,tn e 7FD,tn; @) =
- Z log C(FD,(tﬂ FR,ti) + Z log fD,ti + Z log fR,ti
=1 =1 =1

where © is the parameters set, f;:(.), 7 = D, R denote the marginal densities of
default (D) and redenomination (R) at time ¢; and c(u,v) is the density of the

copula function defined as:
0?C(u,v)
(V) = a0

(19)
It is of course assumed that the copula function is absolutely continuous, so that its
density is defined almost everywhere in the unit square.

We are now going to transform our estimation problem into an inverse one. We
then assume, as it happens in the case at hand, to observe a time series of Fpp,,t =
1,2,...,n, of joint survival functions of the default and redenominations events
and the corresponding Fp, survival functions of the default event. The task is

to estimate the parameter set and the series F rt; of the redenomination survival

functions. The MLE problem is now written as
Hl(SLXﬁ = IOgL (FDR,tl(tl)a ce 7FDR,tn7 FD,t17 ey FD,tn; @) =

= logc(Fpy,. Fri () + Y log fps, + > 1ogfr,(©) (20)
=1 =1 i=1

where the differences with respect to equation (18) are marked in red. For the
proof of the result the reader is referred to the original work by Duan (1994). The
application to the copula function estimation theorem is straightforward. The ML

equation is augmented by one new element, which involves the partial derivative

15



of the survival copula with respect to the redenomination survival function, that is
the conditional probability of default given redenomination. Moreover, at every run
of the optimisation problem the marginal survival function and the density of the
redenomination time must be estimated for every observation at time t;, given the
parameter estimate and the corresponding observed survival functions Fpg, and
Fp4,. For this reason we use the hat notation in redenomination survival functions
and densities.

As a final remark, consider that it is no longer possible to resort to shortcuts
that are typical of the MLE approach to copula functions, such as the estimation in
two steps of the marginal densities and the copula density (Inference Functions for
Margins, IFM) or the estimation of the copula density only, avoiding the specification
of the marginal densities and using empirical ranks (canonical MLE). In the copula
MLE on transformed data the density of the unobserved marginal must be kept in
the ML specification, because it depends on the parameters.

We now exploit the Gumbel-Hougaard specification that allows us to write the

log-likelihood in terms of intensities only. The derivation is reported in Appendix.

Proposition 3.1. If the default and redenomination times are exponentially dis-
tributed and their dependence is given by a Gumbel-Hougaard copula, the ML esti-

mator on transformed data is obtained by maximizing the log-likelihood:

L =log L (pcria(ty), -, poria(tn), toros(ti), - - -, toros(tn); 0) =

-1
(1—-10) Zlog,uucRl4 Zlog <1 + ) + (21)

— peria(ts)
+0 Z log ficros(t Z log fir., (0) — Z firt;(6)
i=1 i=1

and

X 0
firs, (0) = (HCR14(ti)6 - HCR03(ti)6) Y

16



4 Empirical Evidence

We are now ready to put our model at work. We downloaded from Datastream the
time series of 5 year CDS contracts for the two different standards, the 2014 and
the older one for the three G-7 countries of the Euro area, that is Italy, France and
Germany, and for the Netherlands. The sample spans from January 2015 to May
2020. The estimates were carried out using contracts both in dollars and euros, with
almost identical results. If fact, remember that the redenomination to a ” permitted
currency” or not refers to the debt of the name underlying the contract, and has

nothing to do with the currency of the contract itself.

4.1 A Single Country Analysis

The MLE analysis in section 3, with Gumbel-Hougaard dependence, was applied to
the two series of contracts under the 2014 and the older ISDA standard for each
country. Table 1 reports the estimates of the dependence parameter 6 and their
standard errors, along with the corresponding dependence measure, represented by
the Kendall’s 7 statistics, as it is usual in copula functions applications 3. We also
report the estimates for a subsample starting February 2017 for a reason that will
be clear very soon. We see that dependence is quite high for all countries. The
Kendall’s 7 figures are above 70% for Italy and France, and higher than 80% for
Germany and Netherlands.

The main results are portrayed in figures (1), (2), (3) and (4) where we report the
estimate and the 5% confidence intervals of the marginal redenomination intensities.

This corresponds to the fair value premium that ought to be paid in a CDS for

31t may be proved (see Nelsen, 2006, Theorem 5.1.3 on page 161) that the Kendall’s 7 statistics is linked to the
copula function by the following relationship

724/01/01 C(u,v)dC(u,v) — 1

17



protection against a redenomination event only. A comparison with the ISDA basis,
that is the plain difference between the 2014 CDS standard and the 2003 one, shows
that the latter largely underestimates the price of insurance against redenomination
risk that allows for dependence with default. Nevertheless, both the ISDA basis and
the measure corrected for the dependence are able to spot the rise in redenomination
risk when this becomes extreme. We in fact recognise both the rise in redenomination
risk during the Presidential French elections in March 2017, and the sudden decrease
after the first round, as well as the sharp increase at inception of the so-called
yellow-green Ttalian government (from the colours of the 5Star Movement and the
Northern League) in May 2018. We also find an increase in redenomination risk at
the beginning of the COVID crisis, in March 2020.

Accounting for dependence makes a difference if one is interested in the fair
price of the redenomination CDS and not only its dynamics, and also if he wants
to compare the relative weight of redenomination and default risk by means of a
decomposition of the 2014 standard contract. Remember that in the presence of
dependence, the correct way to compute this decomposition is to use the intensi-
ties of redenomination or default occurring first, that are lower than the marginal
intensities. Figures (5), (6), (7) and (8) report this decomposition. The behaviour
is remarkably similar in all four cases. There is an evident structural breakpoint in
February 2017. Before that period default risk was more relevant than redenomina-
tion risk in the pricing of the CDS. In other words, default was expected to happen
before redenomination, even in presence of material risk of redenomination. After
February 2017 redenomination risk jumps up becoming by far the most relevant risk.
We may even say that in the later part of the sample the CDS in the 2014 standard
is mostly pricing redenomination risk, while default risk is almost irrelevant. It is

to be reminded that this does not mean that default risk vanishes, but simply that
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it is not expected to occur before redenomination. The fact that default is priced in
the CDS under the old standard implies that default risk is present, and the high
dependence with redenomination risk signals that default risk would substantially
increase following redenomination. In other words, conditional default risk would
be substantially higher than marginal default risk.

A possible explanation for the same position of the breakpoint in the four time
series can be found in the event that on February 1st Theresa May received approval
from the UK Parliament to trigger the Article 50 of the EU Treaty and to begin the
Brexit procedure. Even though of course this was not a redenomination event it was
the first time that a country effectively started a procedure to leave the EU, and
every country wishing to leave the Eurozone would have to undergo the procedure
of leaving the EU.

Af for the statistical nature of this breakpoint, we investigated whether this is
due to: i) a change in dependence, namely an increase in the degreee of association
between redenomination and default risk; ii) a change in the marginal risks of default
and redenomination.

In order to check for a structural break in dependence, we estimated the model on
a sub-sample starting on February 2017. The results excluded in all cases an increase
in dependence. On the contrary, dependence appears to be marginally lower than in
the full sample in all cases. An explanation of the breakpoint can instead be found
in pictures (9), (10), (11) and (12). This evidence testifies that there is a marked
decrease of the intensity of the default event occurring first. For Italy this decreases
to about 50 basis points at the end of the sample from about 80 in the beginning.
For France the decrease is from 35 basis points to about 4. For Germany and the
Netherlands it has decreased from 11 and 13 to 4 and 2.5 respectively.

It is worth noting that while the decrease in the risk of default occurring first is
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Table. 4.1 MLE estimates

01/01/15-29/05/20 | 01/02/17-29/05/20
Ttaly 0 4.943876 3.749147
S.D. 0.09072041 0.08186898
Kendall’s 7 0.797729555 0.733272662
France 0 4.513953 3.355271
S.D. 0.0797664 0.06976977
Kendall’s 7 0.778464685 0.701961481
Germany 0 6.958329 5.237983
S.D. 0.138716 0.1260464
Kendall’s 7 0.856287336 0.809086818
Netherlands 0 8.015144 6.141835
S.D. 0.1655264 0.1541326
Kendall’s 7 0,875236178 0.83718221

computed using the model, the decrease of marginal default risk that triggers this
behavior is in the data, since after 2017 the CDS under the 2003 standard decreased
substantially for all countries. This does not depend on the model. Moreover,
comparing the marginal default risk and the risk of default occurring first, we see
that this gap remains constant in France and increases in Italy from the period
of the populist government. Overall, as suggested above, this evidence shows that
while redenomination is definitely expected to occur first, this would not rule out an

event of default. Rather, positive dependence between redenomination and default

implies that the event of redenomination would actually increase the risk of default.

4.2 Redenomination Risk: A Longer View

An obvious limitation of the analysis based on the CDS revision is that it cannot
be applied to data before 2015. And indeed it would have been very interesting if
one could extend the analysis backwards to the time of sovereign crisis from 2010
to 2012.

It is well known that in the market it is usual to use bond spreads as a proxy for

credit risk if a CDS market is not available. More precisely, the market practice is
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to look at the Asset Swap spread (ASW). This is defined as

1 — Price of the Bond
> B(t:)

ASW = coupon — swap rate +

In the market there is a lively arbitrage activity on the difference between CDS
and ASW spreads, that is called CDS-ASW basis (Chowdry, 2006, De Wit, 2006).
Unfortunately for our application, it is not always the case that this difference is
equal to zero. Rather, it is more the exception than the rule. This in general is due
to the fact that the ASW spread is defined with respect to a specific bond, while the
CDS spread is referred to the whole debt oustanding amount of an issuer, including
bonds with different degree of liquidity.

In our application, we use the ASW spread as a substitute for the CDS under
the 2014 standard. In fact, the ASW spread would incorporate redenomination risk
while the CDS under the old standard would not. If we do not consider the liquidity

issues that we quoted above, this would predict a negative basis, and

ASW > icRos (22)

and we could perform the same analysis as before using ASW as a proxy for pucgia.
Unfortunately, Fontana and Scheicher (2016) document that the basis is negative
mostly in periods of crisis, and more so for countries with lower credit standing.
Coming to our analysis, we approximated the asset swap spread (ASW) by taking
the difference between the Thompson Reuters 5 year government bond yield and
the swap rate for the same maturity. Moreover, in order to reduce the impact
on the measure from issues linked to liquidity and to other technical aspects, we
computed the measure relative to a benchmark country, namely Germany. Moreover,

we restricted ourselves to the cases of Italy and France, for which the dimension of
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the spreads is material enough to justify the approximation. We refer to this measure
as the Relative ASW spread. We found a negative basis 60% of the times for Italy,
both in the period 2008-2015 and in the following period (that we used to check the
level of approximation). For France, we remained with much fewer cases in which
condition (22) is verified: only about 25% of the cases in the period before 2015 and
40% of the cases afterwards.

We then estimated the model with MLE on transformed data for Italy and France
using only the cases in which condition (22) was satisfied. The dependence estimates
obtained are comparable with the those obtained with CDS data. They are some-
what lower in the period 2015-2020 but they give a Kendall’s tau of 78% for Italy
and 72% for France in the whole period.

Using the estimates we performed the same decomposition as before. Figures
(13) and (14) report the decomposition for Italy and France from January 2008 to
end of May 2020. Straight lines refer to periods in which the measures could not be
computed.

The picture for Italy represents quite clearly the upsurge in redenomination risk
during the crisis, even though the decomposition is quite volatile. Overall, however,
redenomination risk increases massively during the Italian crisis, starting in the
Summer of 2011. Most importantly, it reaches its peak corresponding to the end
of Berlusconi’s government in Italy and to the ”whatever it takes” speech, on July
26th 2012. After that, it steadily declined, all through 2013 and 2014. Since 2015,
it remained lower than default risk until February 2017, confirming that the ASW
measure gives results that are qualitatively similar to those generated by CDS data.

We also propose a quantitative comparison of the two measures in pictures (15)
and (16). The main regularity that we find is that the ASW based measure produces

results that are quite close to those obtained with the CDS measure mostly when
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Table. 4.2 MLE estimates: Relative ASW spread and CDS 2003 Standard

2008-2020 | 2008-2014 | 2015-2020

Ttaly 0 4.496559 6.6241257 3.269424
S.D. 0.0659081 0.1440191 | 0.06598034
Kendall’'s 7 | 0.7776077 0.8490367 | 0.69413573

France 0 3.542788 5.7808881 2.934597
S.D. 0.05731532 | 0.1788058 | 0.05616793
Kendall’'s 7 | 0.71773643 | 0.8270162 | 0.65923771

and where redenomination risk is higher. When risk is low either the ASW measure
cannot be computed or is dominated by other technical factors. This explains why
the ASW measure works much better in the Italian case, when it explains 90% of
the variance of redenomination risk. The degree of association is much lower for
France, when it falls to 66%, Moreover, in both cases the measure is obtained in the
period starting from 2017 because before, when redenomination risk was lower, it

was almost always impossible to compute the ASW based measure.

4.3 Use of the Measure for Other Countries

An obvious flaw of the CDS based measure studied in this paper is the limitation
to four countries of the Euro area. It may be argued that these countries account
for a relevant share of the area. In quantitative terms, this can be evaluated in
terms of the so called capital key, that is the share of ownership of the European
Central Bank (ECB) attributed to each country. This was established based on
a quantitative assessment of the economic dimension of the country. In terms of
capital key, the four countries in question account for 56.64% of the ECB capital
(21.44% Germany, 16.61% France, 13.82% Italy and 4.77% the Netherlands). Other
measures may corroborate these data. Cherubini and Violi (2015) compute the
relative dimension of the first ten Euro area sovereign debt markets and find that

our four countries represented 75.75% of the overall amount of bonds outstanding
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at the beginning of the Quantitative Easing (QE) in 2015.

Nevertheless, it may be useful to learn what the CDS based model can suggest
for countries that are neither part of the G7 group nor OECD countries with AAA
rating. In particular, one would like at least to cover Spain, that under the measures
above represents around 10% of the Euro area (9.70% in terms of capital key and
11.05% in terms of market dimension measure). The other countries account for
about 2% each.

For the countries that are not part of our sample the CDS measure is not available
because both under the 2003 and the 2014 standard the CDS is triggered the first
time that either default or redenomination occurs. For these countries we then need
a model based on observable variables, from which a proxy for redenomination risk
could be computed. Such model could then be used to extract information about
redenomination from the two markets available, that is the ASW and the CDS
market. The cases of Italy and France, for which the estimate of redenomination
risk is available, can be used to gauge the reliability of such model.

In this analysis we propose the simplest model consisting of two variables. The
first is the Quanto-CDS measure discussed above, that represents a proxy for id-
iosyncratic redenomination risk. The second is the German CDS that in tail hedging
practices is typically used as a hedge against a scenario of end of the Euro. Our

model for redenomination risk is then

PRt = ag; + a1;QuantoC DSy + ay,GerC DSy + € (23)

where ag;, a; and ay; are parameters and €;; are disturbances. For Italy and France
this model can be estimated. The results reported in table 4.3a show that the
variables are highly significant and the model provides a good fit, with adjusted R?

figures around 90% for Italy and 80% for France. Also in this case the goodness of
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fit of the model improves in the case in which redenomination risk is higher. As for
the relevance of the two measures, the Quanto CDS measure alone accounts for 78%
for Italy and 64% for France.

The next step of the analysis is to try the model on credit risk data that are
available for all the countries in the Euro area, that is ASW spreads and the CDS
contracts that are triggered by both redenomination and default. For France, Italy

and Spain we then estimate

ASVVZt = bOi + bliQUCLTLtOCDSit + bQiGGT‘CDSZ‘t + WASW,it (24)

poriait = Coi + c1iQuantoC DSy + co;GerC DSy + weps.it (25)

where by; and ¢, k = 0,1, 2 are parameters and wagsw,i: and wepg i are disturbances.

The estimates of these regressions are also reported in table 4.3a. The percentage
of variance explained is quite high for Italy for both the ASW and CDS spreads.
This is consistent with redenomination risk being particularly relevant in the Italian
case. In the French case, the evidence is mixed, and the model explains a relatively
low percentage of variance of the ASW spread and a very high percentage of the CDS
spread. The variance of ASW and CDS spreads explained by the model is some-
what lower for Spain, even though the model is confirmed to be largely statistically
significant.

Now, for Italy and France we can study the link between the predictive power of
the model with respect to the CDS based redenomination risk measure and that of
the same model in explaining the dynamics of ASW and CDS spreads. In order to
do that we regress the values of redenomination intensity predicted by the model on
the predicted values of the ASW and CDS spreads. In both cases, the results are
quite promising if we run the regression on each of the predicted values, but they

become outstanding if we use the average of the predicted values of the ASW and
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Table. 4.3a Redenomination Models: Regressions

Country | Dep. Variable | Constant | Quanto CDS ASW Adj. R?
Italy LR -9.5118 3.7325 4.37183 0.8921
S.D. (2.14606) (0.03457) (0.11832)
ASW -34,05224 4.49819 3.79118 0.8581
S.D. (3.04847) (0.04911) (0.16168)
HCR14 -7,80148 2.43576 5.17424 0.7823
S.D. (2,20934) (0.03559) (0.11717)
France IR 4.02347 2.28548 0.94551 0.8061
S.D. (0.38020) (0.04537) (0.02693)
ASW 6.63332 2.14346 0,33747 0.4059
S.D. (0.70065) (0.08361) (0.04963)
HCR14 0.07018 2.07587 1.50638 0.8625
S.D. (0,3672) (0.04382) (0.02601)
Spain ASW 18.7289 1.989512 1.064502 0.4837
S.D. (1.346898) (0.143587) (0.122998)
HCR14 4.706327 1.285471 2.976478 0.6761
S.D. (1.340074) (0.142859) (0.122375)

CDS spreads. So, for France and Italy we estimate

ASW + flcR14,it
2

firit = Poi + D1 + 2z (26)

where y denotes the predicted value of variable y and p; are parameters. Table 4.3b
reports the results of these regressions and we find that the average of the predicted
values produced by the models explain in both cases close to 100% of the variance
of the predicted redenomination risk measure. This new measure represented by
the average of the predictions estimated on ASW and CDS spreads could provide
a good proxy of the redenomination risk estimated for Italy and France. Namely,
this measure would explain 90% of the redenomination risk for Italy and 80% for
France.

Based on this analysis, one could extend the model to cases like Spain, for which
we do not observe the redenomination measure based on CDS and we cannot gauge
the percentage of variance explained. Nevertheless, we report the result in picture

17, in which we compare the redenomination risk predicted for Spain with the corre-
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Table. 4.3b Redenomination Models: Regressions

Country | Dep. Variable | Constant M R?
Italy R 6.467206 1.07593 0.9984
S.D. (0.151509) | (0.001145)
France (R 0.178354 1.060795 0.9997
S.D. (0.013117) | (0.00503)

sponding predictions for Italy and France, and with the CDS based redenomination
measures computed for those countries. It is not surprising that the redenomina-
tion risk predicted for Spain runs between those of Italy and France, being closer to
that of Italy at the beginning of the sample and moving downward towards that of
France at the end of the sample. Nothing could be said about the variance of this
estimate, even though we can expect that since the percentage of variance of the
spreads explained is lower than for Italy and France, most likely the measure would
explain less than in those cases. However, this is more than what we could do if we

could not observe a reliable measure of redenomination risk for Italy and France.

4.4 A Cross-Country Analysis: A Scenario of End of the Euro

It is well known that tail-hedgers use the German CDS as protection from an extreme
scenario of end of the Euro. Here we use the results of the single country analysis
to estimate a common shock model of redenomination risk, in which the common
shock is meant to be the end of the Euro. To this aim we apply the most common
model of this kind, that is the Marshall-Olkin model.

The Marshall-Olkin model in its simplest version can be easily explained in our
constant intensity model. In fact, define ug,r the constant intensity of the event
of "end of the Euro”, that is the simultaneous redenomination of the Euro back to
national currencies. Moreover if the event of redenomination of a single country alone

is assumed to be independent of the end of the Euro, the observed redenomination
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intensities of the countries in our analysis are assumed to be given by

Wi = UEoE + [ (27)

where [i; denotes the idiosyncratic redenomination intensity for Italy, France, Ger-
many and the Netherlands, that is the conditional probability that country ¢ would
redenominate on its own.

Of course, a more general model would allow for a Gumbel-Hougaard copula
linking the idiosyncratic and the common redenomination event, in which case one

would obtain the more general representation

i = (o + 1) (28)

with v € [1,00) the cross-section dependence parameter. This model is called
Gumbel-Marshall-Olkin (GMO) model and was proposed in Cherubini and Muli-
nacci (2017).

In the preliminary analysis of this application, the model was tested, and we
found v = 1. Details on the estimation procedure are reported in Appendix B. So,
the dependence among redenomination times is given by the fact that all countries
are exposed to the same common shock, given by the end of the Euro. A crucial
parameter for the determination of the dependence structure in the Marshall-Olkin

model is given, for every country ¢, by the ratio:

HEoE
o; =

= (29)
HEoE + i

If the ratio is close to 1 the common shock dominates over the idiosyncratic one. The
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Table 4.4. Dependence Table (Kendall’s 7)

Italy France Germany | Netherlands
Ttaly -
France 0.24301622 -
Germany 0.08324528 | 0.5534749 -
Netherlands | -0.03841769 | 0.3569804 | 0.68144244 -

bivariate Kendall’s 7 statistics can be proved to be functions of the a parameters:

(671871

(30)

Tij =
a; + Oéj — O{iOéj

The natural way to estimate these models is to fit the estimated Kendall’s 7 measures
to the theoretical ones. This is also the only estimation technique available for
singular distributions, since the density of the copula function is not defined in the
singular region.

Kendall’s 7 measures are reported in table 4.4. On one hand we find that rede-
nomination risk of Italy is almost independent from that of Germany and Nether-
lands and mildly dependent on that of France. On the other hand, dependence of
the redenomination risk measures of Germany, Netherlands and France are quite
strong. Overall, this evidence confirms the view according to which the Euro could
survive to Italy leaving (Kremens, 2019).

We then estimated the paramters « that minimize the Euclidean distance of
theoretical and observed Kendall tau’s. For Italy we have a value quite close to zero
(0.096), while the parameter for Germany is equal to one. The « parameters for
France and Netherlands are 0.525 and 0.657 respectively.

Once the estimation is carried out, an estimate of the intensity of the common

shock at each point in time can be obtained as a proportional fraction of the average
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observed intensities. More specifically, in our case
— (2
HEoE ;1 0 (31)

where p; is the intensity of redenomination estimated for each country i (Italy,
France, Germany and the Netherlands), and @ denotes the harmonic mean of the
a;’s. This result was first introduced in Baglioni and Cherubini (2013a, 2013,b).
The parameters estimated gave a harmonic mean @ around 0.27).

In Figure 18 we superpose the intensities of redenomination of Italy, France and
Germany on the intensity of a simultaneous redenomination of the four currencies,
meant to represent a scenario of end of the Euro. We did not report the redenom-
ination risk of the Netherlands because it is quite close to the German one and
would have confused the graph. The figure confirms the idiosyncratic nature of re-
denomination of Italy. Overall, it turns out that the index of the end of the Euro
is very close to the CDS of Germany. This confirms the practice widespread among
tail-hedgers, that typically use the German CDS as insurance against an extreme

scenario of a break-up of the Euro.

5 Conclusions

We have shown that exploiting the innovation in the CDS contract standard intro-
duced by ISDA in 2014 it is possible to simultaneously estimate the redenomination
risk and its dependence with default risk. Technically, under the new standard issued
in 2014 the sovereign CDS of all countries of the Euro area are first-to-default (FTD)
swaps that could be triggered the first time that either default or redenomination oc-
curs. Under the old standard, dated back to 2003, it was not so for Germany, France

and Italy (members of the G7 group) and for the Netherlands (OECD country with
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AAA rating): for these 4 countries, the CDS in the 2003 definition is triggered only
if there is a default, and is not triggered if there is redenomination.

The problem of recovering the redenomination marginal probability knowing the
FTD and marginal default probabilities is solved using the MLE on transformed
data methodology, allowing also to estimate the dependence between the two risks.
The model can be specified in terms of intensities, that is instantaneous conditional
probabilities, if we assume the Gumbel-Hougaard copula. If redenomination and
default risk are found to be dependent, then the intensity of the FTD contract cannot
be decomposed in the sum of marginal redenomination and default risk. In the
Gumbel-Hougaard copula the correct decomposition is a distorted sum. This implies
that any measure based on the plain difference between the joint redenomination
and default probability and the default marginal one are biased. Exploiting the
comovement of the 2014 and 2003 it is possible to clean the redenomination measure
from this bias.

The empirical analysis shows evidence of substantial dependence between rede-
nomination and default risk for all four countries. The estimates of dependence are
robust to a cross-check substituting asset swap spreads to CDS in the 2014 definition.
As for the dynamics of redenomination risk, cleaning the bias unveils a remarkably
similar behavior across the 4 countries. In all cases, since the beginning of February
2017 redenomination risk has become more relevant in the decomposition. This is
not only a result of the model, since it is based on the actual decoupling of the
paths of the two CDS contracts, with the CDS in the 2003 standard decreasing after
February 2017 in all countries.

Finally, in a cross-country analysis of redenomination risk performed with a
Marshall-Olkin model we provide an estimate of the common redenomination event

that can be naturally interpreted as the risk of end of the Euro. The measure ob-
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tained is very close to the German CDS, supporting the widespread practice among
professional tail-hedgers of using exactly that contract as protection against break

up of the Euro.

Appendix A

Lemma 5.1. Denote \; the i-FTD-intensity and X\; the marginal intensity of credt
event i. Then,

A <\ (32)
with equality holding if the credit events are independent.

Proof. The fact that -FTD intensity cannot be higher tham the corresponding

marginal intensity is obvious. As for the case of equality we have that

9Gpr 1 9GprdG: 1 9Gpr 1
ot; Gprn  0G; 0t Gpr  0G; Gpnr

with ¢ = D, R. If default and redenomination are independent, we have Gpr =

GpGgr. Without loss of generality set i = R:

~ J(GpGgr) 1
R 9Grn  GpCn rRGR DGDGR RGR R
and the same holds for 1 = D. O]

Lemma 5.2. Take a Gumbel-Hougaard function C(u,v) with § € [1,00 linking
two survival functions Fp,, Fy, with intensities pp, jig. Then, the i-FTD to default
intensity fi;,t = D, R is

i = 1 pp
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Proof. We use the link between the ¢-F'TD intensity fi; and marginal intensity p;:

__ OFpgr 1 oC(Fp,Fr) L

P = e ze - (
H OF; FDRM OF; C(FDJ?R)'u

(33)

In the Gumbel-Hougaard case, the partial derivative of the copula, that is the con-

ditional probability, can be expressed in term of intensities as

OC(Fp, F 1 (—log(F;))?1
( D R) _ FDR [(_ log(FDPJ)e} 1/6-1 ( g( ))
e (34)
= C(Fp, Fr)ppr —
Substituting (34) in (33) yields the result. O

Lemma 5.3. In the Gumbel-Hougaard copula model with exponential margins the

MLE on transformed data is given by:

L =log L (pcria(ts), -, poria(tn), toros(ti), - - -, toros(tn); 0) =

= (1=0)) 108 fiyepa(t:) + > log (1 + 9_—1) T (35)

p— P poria(ti)

+0 Z log pteros(ti) + Z log fig,,(0) — Z fre (6)
i—1 i=1

i=1
Proof. The density of the Gumbel copula is

8C(FD,FR) - FDR 0 —2+2/0 0—1 0
SEOF, ~ Fuby (1hr) (1DiR) [1+(9 1) (1Hr)

Fpr 2-92¢ 0—1 f—1
= 1
Fbﬁh(uDR> (tphr) + on

~1/6

(36)

The partial derivative with respect to Fr, that is the conditional distribution of the
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default time with respect to redenomination is

1/6-1 (—log(Fg))?!
Fr

0C(Fp, Fg)

oF, Fpr [(—1og(Fpr))’]

(37)

1-0 Mefl
= FDR (upr) FL
R

Since the margins are exponential the density functions are fr = urFgr and fp =

wpFp respectively. Taking logharitms and simplifying gives the formula in the

paper.

Appendix B

In this Appendix we document the estimation technique used in the multivartiate
analysis. Assume d observable intensities mu; (the redenomination intensities of the
four countries in our model), and d + 1 intensities corresponding to hidden shocks
(idiosyncratic redenomination events fgi; and simultaneous redenomination pig.g).

Each observable intensity is linked to the hidden intensities by the relationship

T
i = (W + )"
The theoretical Kendall’s 7 between the observed redenomination times of countries

¢t and 7 is given by
y—1 1 ;0

+_
¥ Yo+ — Qg

with
_ HEoE
WEoE + [bi
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Estimation is carried out by matching theoretical and empirical Kendall’s 7. For-

mally we estimate the set of parameters ® = {1, as, ..., aq,0} by solving

d-1 d
e = argmin Z Z (ﬁ,j _Ti,j(aiaaj77>)2

{an,az,aan} 5257 200

where 7, ;(a;, a;,7y) is the theoretical Kendall’s 7 and 7;; is the corresponding em-

pirical Kendall’s 7 statistics. The parameters of the estimation obtained are ayr =

0.09640701, apr = 0.52509536, agrr = 1, anr = 0.65718309, v = 1.

References

[1]

A. Afonso, M. Arghirou, M. Gadea, A. Kontonikas (2018): Whatever It Takes
to Resolve the Crisis? Bond Pricing Regime Switches and Monetary Policy

Effects”, Journal of International Money and Finance, 86, 1-30

A. Baglioni, U. Cherubini (2013a): Marking-to-Market Government Guarantees
for Financial Systems - Theory and Evidence for Europe, Journal of Interna-

tional Money and Finance, 32, 990-1007

A. Baglioni, U. Cherubini (2013b): Within and Between Systemic Country
Risk: Theory and Evidence from the Sovereign Crisis in Europe, Journal of

Economic Dynamics and Control, 37(8), 1581-1597

C. Bayer, C.H. Kim, A. Kriwolutzky (2008): The Term Structure of Redenom-
ination Risk, DIW Berlin Discussion Paper n. 1740

T. Bielecki, M. Jeanblanc, M. Rutkowski (2007): Hedging of Basket Credit
Derivatives in Credit Default Swap Market, Journal of Credit Risk, 3(1), 91-
132

35



[6] G. Bonaccolto, N. Borri, A. Consiglio (2020): Breakup and De-
fault Risks in the Great Lockdown (2020), available at SSRN:
https://ssrn.com/abstract=3487453 or http://dx.doi.org/10.2139 /ssrn.3487453

[7] D. Brigo, N. Pede, A. Petrelli (2018): Multi Currency Credit Default Swaps:
Quanto Effects and FX Devaluation Jumps, arXiv:1512.07256v2

[8] U. Cherubini, F. Gobbi and S. Mulinacci (2019): Systemic
Risk, Singularity Bias and Credit Indexes, available at SSRN:
https://ssrn.com/abstract=3409951 or http://dx.doi.org/10.2139 /ssrn.3409951

[9] U. Cherubini, S. Mulinacci (2017): The Gumbel-Marshall-Olkin distribution. In
M. Ubeda Flores, E. de Amo Artero, F. Durante, J. Ferndndez Sanchez (eds.)
Copulas and Dependence Models with Applications. Contributions in Honor of
Roger B. Nelsen. Springer (2015), 21-31

[10] U. Cherubini, R. Violi (2015): Government Bonds Ammunitions for the Quan-
titative Easing, Available at SSRN: https://ssrn.com/abstract=2560798 or
http://dx.doi.org/10.2139 /ssrn.2560798

[11] M. Chowdrhy (2006): The Credit Default Swap Basis, Bloomberg Press, New
York,

[12] R. A. De Santis (2019): Redenomination Risk, Journal of Money, Credit and
Banking, 51(8), 2173-2206

[13] J. Dewit (2006): Exploring the CDS-Bond Basis. Working Papers -National
Bank of Belgium Research Series n. 104

[14] H. Dewachter, L. Iania, M. De Sola Perea (2015): A Macro-Financial Analysis
of the Euro Area Government Bond Market”, Journal of Banking and Finance,

50, 308-325

36



[15] J.C. Duan (1994): Maximum Likelihood Estimation Using Price Data of the

Derivative Contract, Mathematical Finance, 4(2), 155-167

[16] J.C. Duan (2000): Correction: Maximum Likelihood Estimation Using Price

Data of the Derivative Contract, Mathematical Finance, 10(4), 461-462

[17] Duffie D., K. Singleton (1999): Modelling Term Structures of Defaultable
Bonds, Review of Financial Studies, 12, 687-720

[18] P. Ehlers, P. Schoenbucher (2004): The Influence of FX Risk on Credit Spreads.

working paper, ETH Zurich.

[19] R. El-Mohammadi BSFTD with Multi-Jump Model and Pricing of Quanto FTD
with FX Devaluation Risk, Munich Personal RePFEc Archive, n. 42782

[20] A. Fontana, M. Scheicher (2016): An Analysis of Euro Sovereign CDS and Their

Relations with Government Bonds, Journal of Banking of Finance, 62, 126-140.

[21] J. Gintelberg, P. Hordhal, K. Ters, J. Urban (2017): Arbitrage costs and the
persistent non-zero cds-bond basis: Evidence from intraday euro area sovereign

debt markets, BIS working papers n. 631

[22] (2018): "Italian Risk Spreads: Fiscal Versus Redenomination Risk”, VoxEU,
August 29th, 2018.

[23] M. Hofert, M. Machler, A.J. Mc Neil (2012): Likelihood Inference for
Archimedean Copulas in High Dimensions under Known Margins, Journal of

Multivariate Analysis, 110, 133-150

[24] J. Klose (2019): Measuring Redenomination Risks in the Euro Area - New
Evidence from Survey Data, MAGKS Discussion Paper Series in Economics,

n. 3-2019

37



[25] L. Kremens (2019): Currency Redenomination Risk, working paper

[26] A. W. Marshall, I. Olkin (1967): A multivariate exponential distribution. Jour-

nal of the American Statistical Assosiation, 62, 30-49.

[27] A. Krishnamurthy, S. Nagel, A. Vissing-Jorgensen (2017): ECB Policies Involv-
ing Government Bonds Purchases: Inpact and Channels, Review of Finance,

22(1), 1-44.

[28] A. J. McNeil, J. Neslehovd (2009): Multivariate Archimedean copulas, d-
monotone functions and Ll-norm symmetric distributions. The Annals of

Statistics, 37, 3059-3097.
[29] R.B. Nelsen (2006): An Introduction to Copulas, Second Edition, Springer.

[30] M. Minenna (2017): ”CDS Markets Signal Rising Fear of Euro Break-up”, FT
Alphaville, March 6th 2017

38



ITALY: A CDS SPREAD ON REDENOMINATION RISK
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Figure 1: Italy. Value of a CDS spread on currency redenomination (with confidence interval) and
the ISDA basis

FRANCE: CDS SPREAD ON REDENOMINATION RISK

«Credit Spread
=—ISDA Basis

o Credit Spread Lower

® Credit Spread Upper

Basis points

0

o \@\

\\\\
o s’&’«\&

s
S N\\@\9

t,\«\\
F ¥’

SR “”\ \°“\ \""\
Q )

\W\ P o o \ \
PR O \@\0“ \@\0@ AR

\\\\\\
EEEEE

\\\\
O\
e’ “\"&\“\“"

o

Time

Figure 2: France. Value of a CDS spread on currency redenomination (with confidence interval)
and the ISDA basis

39



GERMANY: A CDS SPREAD ON REDENOMINATION RISK
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Figure 3: Germany. Value of a CDS spread on currency redenomination (with confidence interval)
and the ISDA basis

NETHERLANDS: A CDS SPREAD ON REDENOMINATION RISK
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Figure 4: Netherlands. Value of a CDS spread on currency redenomination (with confidence
interval) and the ISDA basis

40



CDS Decomposition: Redenomination vs Default
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Figure 5: CDS 2014 decomposition: Italy. FTD-intensity is the CDS 2014-style; D-FTD intensity
(R-FTD intensity) is the instantaneous conditional probability of a default (redenomination) event
occurring first.
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CDS Decomposition: Redenomination vs Default
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Figure 6: CDS 2014 decomposition: France. FTD-intensity is the CDS 2014-style; D-FTD intensity
(R-FTD intensity) is the instantaneous conditional probability of a default (redenomination) event
occurring first.
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CDS Decomposition: Redenomination vs Default
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Figure 7: CDS 2014 decomposition: Germany. FTD-intensity is the CDS 2014-style; D-FTD inten-
sity (R-FTD intensity) is the instantaneous conditional probability of a default (redenomination)
event occurring first.
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CDS Decomposition: Redenomination vs Default
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Figure 8: CDS 2014 decomposition: Netherlands. FTD-intensity is the CDS 2014-style; D-FTD
intensity (R-FTD intensity) is the instantaneous conditional probability of a default (redenomina-
tion) event occurring first.
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Figure 9: Default risk: Italy. Marginal default risk is the CDS 2003-style; D-FTD intensity is the
instantaneous conditional probability of a default event occurring before redenomination.
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Default Risk
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Figure 10: Default risk: France. Marginal default risk is the CDS 2003-style; D-FTD intensity is
the instantaneous conditional probability of a default event occurring before redenomination.
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Figure 11: Default risk: Germany. Marginal default risk is the CDS 2003-style; D-FTD intensity
is the instantaneous conditional probability of a default event occurring before redenomination.
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Default Risk
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Figure 12: Default risk: Netherlands. Marginal default risk is the CDS 2003-style; D-FTD intensity
is the instantaneous conditional probability of a default event occurring before redenomination.
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Figure 13: CDS 2014 decomposition: Italy. FTD-intensity is the R-ASW spread; D-FTD intensity
(R-FTD intensity) is the instantaneous conditional probability of a default (redenomination) event
occurring first. Period 2008-2020.
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ASW Spread Decomposition
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Figure 14: CDS 2014 decomposition: France. FTD-intensity is the R-ASW spread; D-FTD inten-
sity (R-FTD intensity) is the instantaneous conditional probability of a default (redenomination)
event occurring first. Period 2008-2020.

Italy: comparison redenomination measures from CDS and ASW
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Figure 15: CDS 2014 decomposition: Italy. Comparison of redenomination risk estimated from
CDS and ASW in the period 2015-2020.
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France: comparison redenomination measures from CDS and ASW
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Figure 16: CDS 2014 decomposition: France. Comparison of redenomination risk estimated from
CDS and ASW in the period 2015-2020.

Redenomination Risk: Actual and Predicted
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Figure 17: Redenomination risk estimate for Spain, compared with Italy and France (for which we
reported both redenomination risk predicted from the model and estimated from the CDS market.
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Redenomination and End of the Euro
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