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A MODEL FOR PUBLIC DEBT
SUSTAINABILITY AND SOVEREIGN CREDIT
RISK IN THE EUROZONE

Marcello Esposito

1. Introduction

The sovereign debt crisis in Europe renewed therést of scholars and policymakers for
disentangling the “fundamental” component of theliest rate paid on government bonds from
the “speculative” one. The latter is consideredipalarly dangerous because it can generate
self-fulfilling expectations about the default ohet obligor: The Outright Monetary
Transactions (OMT) program by the ECB has beeni@#plstructured to avoid the impact on
the spread caused by unjustified speculative attacky a confidence cridis

So far the economic literature has tackled theeissti determining the “fundamental”
component of the sovereign spread mainly on engdigmounds, by regressing the actual spread
on some variables reflecting the fundamentals aduntry’ or by relying on qualitative analysis
of multiple indicators, analyzed historically andtwrespect to other countries. The template is
the Debt Sustainability Analysis (DSA) developed thg IMF (2011). The objective of the
DSA is not to define the fundamental spread thab\aereign issuer should pay. But from the
DSA one can form groups of countries with similabtdfundamentals and compare the interest
paid on their bonds in order to detect anomalies.

On theoretical grounds, some recent contributianghaken up the approach originated by
Calvo (1988), analyzing the choice of a governnitiveen servicing its debt and defaulting.
These models are able to identify, in principle kel of the debt/GDP ratio beyond which a
government is not able to raise more money in fitrrmmarkets. However, they rely on social
loss functions very difficult to estimate empirigal

The purpose of this paper is to fill the gap betwéose two strands of literature, by

providing a simple stochastic generalization ofcacding models for debt sustainability. From
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this, we derive a model for sovereign credit ris&kttcan be easily taken to the data and verified.
As in Calvo, we obtain the possibility of multipeuilibria and then a framework for analyzing
policy intervention in the government bonds market.

We will proceeds as follow. In paragraph 2, we wdliew the algebra of public debt in
order to gain insights into the issue of public tdglstainability. We will use the “Maastricht”
parameters to find a way of determining a critigait for public debt sustainability. This will
be the crucial ingredient for determining the “ddfgprobability” of a sovereign issuer. In
paragraph 3, we will resort to an “external rescoedel to determine at which conditions a
supranational agency (say the Trajkaill offer a financial assistance program to aeseign
country whose debt becomes unsustainable. Thisoeithe crucial ingredient for determining
the “loss given default”. Finally, in paragraphwe will put the things together in order to
determine the credit spread paid by a sovereigigablAs we will show, our model produce a
variety of equilibria, encompassing the previoteréture on multiple equilibria and without the
need to resort to arbitrary loss function. Our apph allows for studying the dynamic
properties of the equilibria and gain some insights the “good” and “bad” nature of the

single equilibrium points from the ECB perspective.

2. Determining the critical limit for debt sustainability and the
consequences of breaking that limit

As Ley (2010) noted, the algebra of public debtoaating identities provides a source for
insight to identify risk to sustainability, but tldgficulty in individuating a critical level is tht
it depends on a very large number of factors. Megeomost of these factors interact between
themselves, sometimes in a non-linear way. Considerexample the fact that the most
important contribution to a ballooning public défiaften comes from interest rate expenditures
on government bonds. The interest rate is the suenrsk-free component and a credit-risk
component. The credit risk component depends orddfieult probability and the loss given
default. It is not difficult to find historical exaples of self-fulfilling expectations: higher
interest rates feed back into higher debt thatddmatk in turn into higher interest rates. The
degree of interdependence is determined by theedegf openness of the economy to
international capital movements, the percentagepudilic debt held by foreigners and/or
denominated in a foreign currency, etc%tc.

The typical government’s solvency condition stdtest the net present values of primary
surpluses and debt obligations have to be equaliasdit is known, in a deterministic
environment for the solvency condition to be sad@hit is not necessary that all the public debt
be paid back, but it is sufficient that the debp/dek stabilized (Eisner, 1994). In theory, for
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every level of debt/gdp, it is always possible émgrate a constant primary surplus such that the
ratio is stabilized and the solvency condition Sfed. However high primary surpluses can
generate distortionary effects on the economy engliés always strong redistribution policies
among the population. For these reasons, one detiet of the debt sustainability literature is
that the higher the required primary surplus theelothe likelihood that the public debt is
sustainable.

We define the “critical” level of debt/gdpl;, as the level above which debt repudiation
occurs with probability 100%. The default probapilof a public obligor depends on: i) the
expected path of the primary surplus/deficit of goeernment; ii) the initial level of debt/GDP
ratio, and iii) the expected GDP growth. These elei:i determine the probability that the
debt/GDP will eventually reach the critical levé}. Such probability, together with the
assumed loss given default, determines the intea¢stspread paid over the market risk free
rate.

In the most recent theoretical papers, the critieddt/gdp level is derived by a “social” loss
function, measuring the losses caused by the tmtary effects of high primary surpluses, and
modelling the strategic game between the sovereliigor and the investors. The problem is
that the social loss function is unobservable ésmgarameters and form can't be estimated.

At the moment, we are not aware of an alternatppr@ach to determining the critical
debt/gdp level. However, the peculiarities of thedzone can help developing an intuition of

how one could derive an approximate localizatiothefcritical area for the debt/gdp level.

2.1  The Eurozone peculiarities and the determinatio of a critical area for the
sustainability of the public debt

The Stability and Growth Pact (SGP) in essenceistnsf fiscal monitoring of member
states and the issuing of policy recommendatioenture a fiscal and financial stability inside
the European Union. If a member state breaches#hemum limit for government deficit and
debt, an Excessive Deficit Procedure (EDP) can daded. We don’t want to dig into the
arcana of the “preventive arm” and the “dissuasiven”, the procedures in which the
surveillance activity is articulated. We just wamtunderline that the SGP aims for each country
to stay within the limits on government deficit (386 GDP) and debt (60% of GDP). In case
debt is above 60%, SGP asks for fiscal policieh dhat the debt level each year declines
towards 60% for 1/20 of the distance. Normal peowdeld interpret the “debt rule” to imply a
20 year convergence to the 60%. In reality, therpretation given by the Commission looks
more like the first policy implementation of the iilde’s paradox. Working out the algebra, the

Commission seems to be happy with fiscal consatidgplan that, starting with levels above
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120%, cut heavily the debt at the beginning and glewly bring the debt below 90% in 20-30
years.

Let's not follow the mathematical byzantine of tR®mmission and let's assume for
simplicity that the target is to converge to 60%3@ years. The fiscal consolidation plan
consists of the path of primary surplus8sthat the country has to follow in the future. In
theory, the surplus can be as high as necessamgnicerge to the 60%. In practice, there are
limits to the surplus that can be run without inmjpgy in a counterproductive way the GDP
growth rate and the necessary political consensus.

We will make the heroic assumption that a demoziggivernment can impose to its country
a 2% primary surplus for 30 years. We will alsouass that the European Commission would
tolerate a fiscal consolidation plan that consisteaching a 90% (instead of 60%) target in 30
years. The choice of 90% is arbitrary but it idifiabhle on the ground that it is recognized as a
threshold for the debt distortionary effects orvgto’

If 90% is the debt/gdp target in 30 years, we camthe algebra of public debt accounting in
order to derive a range of initial debt/gdp valaekerent with this target. In the appendix we
show how to calculate the maximum level of debgatothat is coherent with reaching a certain
target after N years. In our case (see Table Al®),range is 119%-150% for the debt/gdp
today, depending on the assumptions that we matet dabe real growth rate of the economy
and the real rate on government bonds. Based ohisherical experience with the countries
that asked for a financial assistance from the peeio partners, a common narrative on the
market is that 140% is the tipping point. Since thalue is coherent with the range, for the sake

of simplicity, we will use it in the numerical exalas below.

2.2 The “external rescue” model

In our conceptual model we have two agents thaerrernal with respect to the country in
financial difficulty. The first is the debt agen¢he Troika), whose objective is to reduce the
burden of fiscal consolidation, providing loansthe country at an interest rate which is lower
than the one justifiable by public finances’ fundartals. The second is a central bank (the
ECB) whose objective is to avoid a self-fulfillindefault caused by arbitrary increases in
interest rate but that can’'t take on purpose teditrisk of the issuer and implicitly bail-out the
debt-holders.

What happens when a country reach the criticallPeviénere is no way to trigger an
automatic default. In theory, the market couldtio@ally price a negative interest rate and then
the debt might be sustainable also at very high/gep levels. And it is also true that a default

could be triggered well below the critical level tifie “market” loses confidence in the
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capabilities of the sovereign issuer to repay éstdlt is easy to understand that the expectation
of a default can become self-fulfilling also atywéw debt/gdp levels, see Cole-Kehoe (2000).
In the European context, however, a country hasgpertunity to ask to the other member
countries and the IMF for financial assistanceguigh EFSF/ESM and under the surveillance of
an informal international agency, the so-calledikaoThe objective of the agency is not only to
avoid a sunspot-driven default of the type desdribeCole-Kehoe (2000), but also to bring the
country debt back to 60% in 30 years. The agenghtidsk for an initial haircut on outstanding

bonds, in order to start the fiscal consolidatioogpam at a more manageable level.

2.3  financial assistance, investors’ bail-in, andhe emergence of a sovereign
spread

If the help of the international agency comes aprice for the debt-holders, the government
bonds are always considered risk-free. In our cgotued model of the Eurozone, however, we
assume that the agency, before intervening, asks ffartial bail-in of the existing debt-holders,
through a haircut on existing bondholders.

Why the agency should ask for a bail-in? As we &aiftbre, in theory, the surplus can be as
high as necessary to converge in 20-30 years t6QH#%. In practice, there are limits to the
surplus that can be run without impairing in a degoroductive way the GDP growth and then
the capability of reaching the comfort zone. Esalbgiif the responsibility of the convergence
program rests on a technocratic structure thadtighe direct expression of the democratic will
of the people resident in the country.

So the agency might consider viable a lower prinsamplus than the one that a sovereign
and democratic government might impose on itsamigz The agency might also be more risk-
averse than the previous government and so it mightconservative estimates about future
economic outlook, in order to minimize the riskayfjanizing another rescue operation in the
near future.

In the numerical examples that will follow, we withen assume for the agency’s plan a
primary surplus of 1%, which is 50% lower than dme assumed for deriving the critical debt
level for a democratic government. In table A.1 eedculate a range of initial debt/gdp levels
that are coherent with a 60% target in 30 years. rfEsult is a 70%-90% range. For the sake of
simplicity, we will pick-up the upper limit of theange, i.e. 90%, as the starting level of the
fiscal consolidation plan under the guide of therary. This implies an overnight reduction, via
haircut, of the debt/gdp to 90% in case of a regioesa financial assistance. The possibility of

such a “credit” event generates the sovereign dprea
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2.4  mapping the debt/gdp space: an example

Summing up our conceptual model, we have threeialrvalues for the debt/gdp. The
lowest is 60%, corresponding to the Maastrichedidt and the highest is 140%, corresponding
to the critical value for debt sustainability. Bél®0% we are in a “comfort area”, where the
country has full control of its public finances acah increase debt, if the government thinks
that it is necessary. Over 140% we enter an aregiendn self-fulfilling default can’t be avoided.
Inside the minimum and the maximum, we have 90%wasexplained in section 2.3, if the
country asks for financial assistance, the debhagevill impose an haircut on the nominal
value of outstanding debt such that it can st&rfitrancial consolidation plan at the 90%.

We will call the area comprised between 60% and @8%he “consolidation area”. Inside
this area, there is no risk of debt default butadbentry has to reduce its debt and then has no
full control of its public finances. The area betne90% and 140% is the “critical area”,
because if the country ask for assistance, thehditsrs will suffer a loss. The area above
140% is the “sunburn area”, in honor to the “sutisfi@rature, where a self-fulfilling default is
unavoidable because the central bank can't intert@istop a speculative attack.

Inside the critical area the spread arises anccases as the debt/GDP moves toward the
upper limit. The spread takes in fact into accduet probability of entering the sunburn area
and the country asking for financial assistancehis case the level of debt is restructured and
reduced to the lower limit of the critical area.

As an example in Figure 1 we represent the dynamwifiosur conceptual model. On the
vertical axis we have the debt/GDP ratio and onhbgzontal axis the time. The space is

divided in 4 areas, depending on the level of @&DF.

Figure 1 — The map of debt/gdp space
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3. Pricing credit risk on government bonds

In order to calculate the credit spread paid byrdove need to calculate the Probability of
Default (PD) and the Loss Given Default (LGD). Banplicity of notation, let's assume that
the GDP real growth rate is zero and then we cantlus capital letter D to denominate the
Debt/GDP ratio without making confusion with diféetial operators and with the traditional
notation of public debt dynamics.

Keeping in mind the intuition described in the ogmial model of section 2., we assume
that there is an upper bound to the debt/gdp pspdbs “critical” level:D. When debt/gdp
touches the “critical” level, bonds are restructiamd their nominal value is immediately cut to
a level:D. This part of the model produces the LGD, whichdsal toD / D.

The PD depends on the probability that the debt/gie the upper bound. This event
depends on many factors: the actual level of th/gdp, the real growth of the economy and
the impact of the fiscal policy on the economy’smaal growth rate, the maturity structure of
the debt, the currency denomination of the delot,eét. However, we will focus on just two
parameters: the initial level of the debt/gdp drelihterest rate.

Since the probability of hitting the barrier depsrmh the dynamics of the deficit, which
depends in turn on the credit spread, we have #pitity of possible levels of interest rates as
solutions to our model. For the sake of simpliciye will assume that the public debt is
constituted by a single nominal bond with a fixedigon and a given maturity (say, equal to the
average maturity of the debt outstanding). Therasterate on the government bomdis the

sum of the risk-free rate_free and the spread, spread

T = Tfree + Tspread

Since the country is assumed to be “small”, thie-fise rate dynamics is exogenous whereas

the spread is endogenous.

3.1 the stochastic dynamics of the debt

We will assume that the debt evolves in a firstrapimation according to a geometric

Brownian motion, whose properties have been extelysstudied in Finanée

dD/D = (x + rspread)dt +odz
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Wherex = r_free — s , sis the primary surplus, andis the volatility of the debt growth rate.

The probability of the debt to hit the barrier, after T years is equal to:

(ln(DO/E) + (X - %0'2) T + Tspreaa * T)
oVT

WhereN(.) denotes the standardized Normal distribution Byds the initial value of debt.

PD =N

3.2  the “equilibrium” credit spread and its dynamics

The equilibrium credit spread for a bond maturim@ iyears is the product of the PD and the
LGD, divided by T:
LGD

* = pp ——
r T

Where theLGD is equal to the ratio between the level of deblayoand the level of debt
implicit in the bail-in imposed by the agency irseaf a request for financial assistance at time
T:Dy/D.

The PD depends, among other things, on the crpd#ad. The credit spread is in fact a
component of the interest rate paid on government$.

The equilibrium credit spread is then the solutmthe following equation:

Do/ D N ln(Do/5)+(x—%02)T+r*T
= *
T VT

*

The equation is non-linear and we could have sanatwith multiple equilibria or no
equilibrium at all. Moreover, in case of multiplguibria, we need to understand which ones
are stable and which ones are desirable, i.e. “gootbad”, from the point of view of financial
stability.

In order to understand the dynamic properties @f dyuilibria, we will resort to the
economic interpretation of the iterative methodffnding a numerical solution to the equation.
Specifically, we can interpret the numerical metrasl the equivalent of atdtonnemerit
process of price discovery. Let’s then introduce tvew variables, the Market_Spread and the
Fair_Spread. The Market_Spread is the actual creplitad priced by the market. The
Fair_Spread is instead the theoretical spreadyetefy calculating the probability of default
for a given Market_Spread. In equilibrium, the MeatrkSpread has to be equal to the
Fair_Spread.
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The Fair Spread is a function of the product: PDGD, where PD is the Probability of
Default, i.e. the probability of the public debttimg the barrier (say 140%), and LGD is the
Loss Given Default, i.e. the haircut (say 40%) isgub by the international agency in order to
offer a financial assistance program. The probgtili default depends on the “Market Spread”.
We will be in equilibrium when the Fair Spread ahd Market Spread are equal. In order to
find an equilibrium value for the spread, we caartsthe discovery process with an arbitrary
value of the Market_Spread and derive the Fair_gpré the two are not equal, we go to the
next iteration step and we assume that the Marketa8 is equal to the Fair_Spread calculated
in the previous step. Then, we calculate the nelwevaf the Fair_Spread and we test if the
result is identical to the Market_Spread. The tteracarries on until we find an equilibrium or
we reach on of the two corners of the admissibigeuige, i.e. 0% or 100% default probability.
It is easy to understand that this is equivalehé&onumeric method used to solve the non-linear
equation.

An approach similar in spirit to the one descritsabve is in Gross (2012). The main
difference is in the fact that Gross (2012) derities function linking the Fair_spread to the
Market_spread from the creditors-obligor strateigieraction, given that higher interest rate
charged by the market increases the debt servigebwand thus the temptation of the obligor
to default. The feedback loop in Gross (2012) ddpean the interaction between the costs of
default and the incentive to default as subsumeda I3pcial loss function. In our model, in
contrast, there is no strategic game between debubcreditors. Despite these differences, his
tatonnemenprocess for the search of an equilibrium is vemyilar to phase diagram dynamics
implicit in our model.

Our model can produce at maximum 3 possible egialibVith low level of debt, the
equilibrium is unique, with a fair spread equakeyo. With high level of debt, the equilibrium
is unique too, but it implies a fair spread cormegpng to a default probability equal to 100%.
In between, we have the possibility of 3 equilibda this case, the lower and the upper
equilibria are corner solutions, corresponding 8 @efault probability and 100%. The
intermediate equilibrium is instead coherent wittedault probability lower than 100%.

In order to understand the dynamics, let's considegraphical representation of the
equation, with the following parametrization of theonomy. The debt is represented by a
single bond maturing in 6 years time, the volatilg 1%, the level of the risk-free rate is 0.5%
as the growth rate of the economy. The actual lefr¢he public debt is 133%, the barrier is
equal to 140%. If the maximum acceptable debt/goll for the agency is 90% and the

nominal growth rate of GDP is 0.5% per annum, tbvgr a 6 year time horizon:
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LGD = D°/92 and then the LGD is 30%.

In the figure below we depict the Fair Spread asiraction of the Market Spread. The

solutions to the equation are where the functieasses the 45 degree line.

Figure 2 — Determining the equilibrium spread
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As we can see, in our specific example we haveiphelkequilibria. The lower and the higher
solutions are corner solutions, corresponding ® ®% and 100% probability of default,
respectively. The intermediate solution is instdagone that is coherent with a positive but less
than 100% probability of default.

The figure can be interpreted as a phase diagrdrareathe solution is reached through a
tatonnemenprocess of price discovery. The equation canrmalized around the equilibrium
point by using an approximation to the Normal cuative distribution. For example, if we
linearize around the intermediate equilibrium poimt see that it is unstable. Instead, it is quite

easy to see that the “corner” equilibria are btdibls.
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Figure 3 — The equilibrium dynamics of the cregitead
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3.3  The quality, “good” and “bad”, of the equilibria

The dynamic analysis of the system allows to gainesinsight in the “attractiveness” of the
equilibria from the perspective of a special adétothe Eurozone debt market, the ECB. The
ECB can’t monetize the debt of member countrieschuat intervene if the financial stability or
the existence of the euro is in danger. For thasaa, during the sovereign debt crisis, the ECB
devised the OMT program as an extraordinary toplcfintrasting speculative attacks on the
debt of specific member countries. In order to dwubie critic of debt monetization, the ECB
had to state that with the OMT the objective ibtimg the spread to its “fundamental” value,
purging the market only from speculative forcesréasing the cost of servicing the debt
without justification.

From the dynamics of the system analyses in th&ique section, we understand the
importance of the OMT. The intermediate equilibriignin fact, unstable and if speculative
forces bring the market spread to the right, them emter a dynamics of self-fulfilling
expectations ending with the default of the isséé¢rthe same time, we don’t have a unique
solution to the equation and then we don’t havaigue “fundamental” equilibrium. So, what
is the value of the spread that the ECB shoulcetarg

We can obviously discard the highest equilibriurecduse it is coincident with 100%
probability of default. We remain with the zero ditprium and the intermediate one. It would
be rational for the ECB to target directly the zedquilibrium. In this way it minimizes the
possibility of losses on its bonds’ portfolio. Howee, this could expose the ECB to “political”

criticism and there is an alternative strategy tiaat save the balance sheet of the central bank

11
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(i.e. minimize the amount of monetary base creaf€lis alternative is the one of targeting a
level of the spread which is a few basis point Wwetbe intermediate one. Once this level is

reached, the market forces will make the last enilé bring the spread to zero.

4. Conclusions

The sovereign debt crisis in Europe highlightedithgortance of the institutional set-up and
the characteristics of the financial assistanceynarm offered by international agents (the
“Troika”, the ECB) for understanding the creditkrisf government bonds. In the context of
Eurozone, where a member state has lost the pigsitfi money financing, we derive the
sustainability conditions for public debt on thesisaof the constraints imposed by the
Maastricht Treaty on public finances.

We obtain an upper limit for public debt/gdp abewgch the country is exposed to the risk
of a self-fulfilling default. In order to avoid &Ié-fulfilling default the government can ask for a
financial assistance by a supranational agency Titmka). The Troika can provide the
assistance only if it is possible for the countryréspect the Maastricht parameters over a long
but not infinite period of time. In our model thepsanational agency, before intervening, asks
for a partial bail-in of the existing debt-holdetsrough a haircut on outstanding government
bond. This is due to a higher risk-aversion (tHas ane of the domestic government) and the
consciousness that a technocratic institution isatde to run a primary surplus as big as a
democratic government. The agencies in fact wamhitomize the possibility of asking their
stakeholders for a new financing round in casdiftal assistance program fails to reduce the
public debt level to the agreed target. In our nhdldere is a role also for the central bank like
the ECB that can’'t monetize the public debt but asoid a sunspot default by keeping the
“spread” near its fundamental value.

In our model we then derive endogenously the prtibalof default and the loss given
default. We obtain the credit spread paid by a mge issuer by solving a non-linear equation
with multiple solutions. Assuming that the markelves the equation through a “tatonnement”
process, the dynamics of the spread can be repeestmough a phase diagram showing which
solutions are stable and which ones are not. Wev ghat this dynamic analysis is useful in
gaining some insight in the functioning of the ONfogram, devised by the ECB to avoid

situations of self-fulfilling default expectations.

12
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Appendix A. The algebra of public debt dynamics
The debt dynamics equation is:

Dy =De(1+np) — Spyq

wheren is the nominal interest rate paid on governmentt.dBividing by the level of
nominal GDPY:

D D S
t+1 — t (1 + nt) _ t+1
Yt+1 Yt+1 Yt+1
Deyr _ De Vi St+1
Vs Y, Vg )T
t+1 t 't+1 t+1
(1+n)

Eliminating the inflation rate:

A+

deyr = dtm — St+1

diyr =de(1+2z) — Spq

Where:

5 = (re — g0)
YS!

Targeting a specific debt level in a given time frae

Assuming that z is constant and s is equal,{g, , it can be obtained that after N years:

N-1
Ao = de(1+2)" = Sy Y (142))

Jj=0

Now, if d¢,y has to be equal td,,;, (e.g. 60%), we can work out the maximum level of

initial public debt coherent with this result

13
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dr = Smax Z?I=_01(1 + Z)j + dmin
t (1+2)V

For starting levels of debt that are higher than the targeti,,,;,, can’t be achieved (without

a debt restructuring at the outset).

Determining a range of “critical” debt/gdp values

In order to understand if a certain debt levelustainable, we need to specify a value for z
term, i.e. a value for the real growth rate of élkenomy and a value for the real interest rate on
government bonds. One can then understand thdorelaip between the economic cycle
(affecting the real gdp growth) and the monetajcgmf the core countries (affecting the real
risk-free interest rate) in modifying the probatyilof default of highly indebted countries.

If we have the level of the risk-free interest rated the maximum sustainable primary
surplus, s,,.x » We only miss the GDP growth rate in order to kvout the level of the
debt/GDP at the end of the plan period for eveitjainevel of the debt/GDP.

In the table below, under the hypothesis of a pryjnsairplus equal to 2%, we calculate the
maximum initial debt/gdp ratio coherent with reamzhin 30 yearsthe 60% target, for different
values of the real interest rate and the gdp groatda We highlighted in brown the more likely
range of values, coherent with a “golden rule” feal interest rates (higher than the real GDP

growth). As one can see, the range goes from 71936%6.

Table Al- Maximum starting debt/GDP ratio cohensith
a 60% final target to be reached in 30 years witPeedeficit

Maximum initial Debt/GDP coherent with a 60.0% target in 30 years (primary surplus=1.0%)
real interest rate

0.0% 0.5% 1.0% 1.5% 2.0% 2.5% 3.0%
-1.0% 70% 63% 56% 50% 44% 40% 36%
% -0.5% 80% 70% 63% 56% 50% 45% 40%
E 0.0% 90% 80% 71% 63% 56% 50% 45%
‘g 0.5% 102% 90% 80% 71% 63% 56% 50%
7 1.0% 116% 102% 90% 80% 71% 63% 56%
é 1.5% 131% 115% 102% 90% 80% 71% 63%
= 2.0% 149% 131% 115% 102% 90% 80% 71%
g 2.5% 169% 149% 131% 115% 102% 90% 80%
3.0% 192% 169% 148% 130% 115% 102% 90%

In case we assume that the primary surplus is hig¥) and the final target for the debt is

higher (90%), the simulations change as in thestbblow.
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Table A2- Maximum starting debt/GDP ratio cohensith
a 90% final target to be reached in 30 years wiPcedeficit

Maximum initial Debt/GDP coherent with a 90.0% target in 30 years (primary surplus=2.0%)
real interest rate
0.0% 0.5% 1.0% 1.5% 2.0% 2.5% 3.0%
-1.0% 119% 106% 95% 85% 77% 69% 63%
% -0.5% 133% 119% 106% 95% 85% 77% 69%
e 0.0% 150% 133% 119% 106% 95% 85% 77%
% 0.5% 169% 150% 133% 119% 106% 95% 86%
o 1.0% 191% 169% 150% 133% 119% 106% 95%
é 1.5% 216% 191% 169% 150% 134% 119% 107%
= 2.0% 244% 215% 190% 169% 150% 134% 119%
g 2.5% 276% 243% 215% 190% 169% 150% 134%
3.0% 313% 275% 243% 215% 190% 169% 150%
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Notes

! The seminal contribution in this area was madeChyvo (1988), showing the existence of multiple
equilibria for the sovereign bonds’ prices, dueh®e self-fulfilling nature of a confidence crisis the
obligor’s solvency. The Calvo argument paralleks well-known Diamond-Dybvig (1983) model.

2 See ECB (2012). The Advocate General of the Coludustice of the European Union(2015) gave an
opinion confirming that the OMT are compatible ningiple with the Treaties of the European Union

® See Di Cesaret al (2012) and the literature reviewed there.

* See Gros (2012), De Grauwe (2011), De Grauwe ia@013).

® In Europe, the term Troika denotes the informafijpgontrolling the implementation of the rescue
programme for the countries belonging to the Eunez(Greece, Portugal, and Ireland). It is formed
(up to 2015) by the European Commission, the IMd tiwe ECB.

® The IMF (2013b) recognizes the necessity to devedoframework to better accommodate the
circumstances of monetary unions.

" This is the famous result of Rogoff-Reinhart (2ptbich has been criticized by Herndon, Ash, Pollin
(2013) for some errors in the econometric estimates

8 See Hull (2012)

® In the Fiscal Compact the debt rule should beotoverge in 20 years. In reality, we have seenttiet
beginning of the debt reduction process has bessady postponed by some years for many
countries. Moreover, the rule is stated in an ambig way so that it has been interpreted by the
European Commission in a flexible way, similar e tAchilles and the turtle paradox. Taking into
account those considerations, 30 years seems rppremiate for the European context.
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Sommario

La determinazione del valore dello spread suiitithl Stato in base ai "fondamentali" economici
dell'emittente sovrano rappresenta un problema adtiqolare rilievo nell'Eurozona. Gli eventuali
interventi della BCE sul mercato dei titoli di Stagono infatti giustificabili in base alla lettucarrente
dei Trattati solo se lo "spread" pagato dall'emittesovrano & superiore a quello che i "fondamiéntal
prevedono. La complicazione nel determinare qualdigello "giusto" dello spread dipende dal fatto
che la sostenibilita di un certo debito pubblictuézione di parecchi fattori, tra cui il livelloestso dei
tassi d'interesse pagati. Questa sorta di cir¢aldra sostenibilita e tassi d'interesse € la suege
primaria di complessita. Questo lavoro illustra uymassibile soluzione all'interno di un contesto
semplificato che riprende alcune peculiarita dedidto istituzionale europeo: assenza di possildiit
monetizzazione del debito, i famosi parametri 3%66fl Maastricht, la disponibilita di un piano dugi
finanziari subordinato all'accettazione di un piagio consolidamento fiscale. Nel nostro modello
otteniamo la possibilita di equilibri multipli pérvalore dello spread, le cui proprieta dinamiglossono
essere derivate dalle assunzioni probabilisticHtasdamento futuro del debito pubblico. Non si fa
quindi ricorso a funzioni di perdita sociale, asatal default e dipendenti dalla relazione striatetra
debitore e creditori, come nella precedente ldiiesia Le proprieta dinamiche degli equilibri sondi u

per indagare la loro qualita e desiderabilita,alplospettiva della BCE.

Abstract

There have been many attempts at solving the probledetermining the “fundamental value” of the
credit spread of a government bond. This is pdertpimportant in the case of Eurozone, where the
ECB intervention on the government bonds’ marketlswed only if the “spread” paid by the sovereign
issuer is higher than the one justified by “fundataés”. The complication in determining what isaér f
level of the spread stems from the fact that pudbkibt sustainability depends on many factors, among
them the level of interest rates paid. This sortiofularity between debt sustainability and ingtnete
paid by the sovereign issuer is the major sourasoofplexity. This paper highlights a possible solut
inside a simplified framework resembling the peaulinstitutional settings of the Eurozone: no
possibility of money-financing, the famous MaastticTreaty 3%-60% parameters, availability of
financial assistance program subordinated to tlsemance of consolidation plans for public finances
We obtain the possibility of multiple equilibriarféhe credit spread, whose stability can be andlyze
through a phase diagram. The dynamics of the niedigrived from probabilistic assumptions about the
public debt process. It does not depend on “lossttions devised to model the strategic relatignshi
between debtors and creditors, as in previoustitee on public debt sustainability. Dynamic praiesr

of equilibria can be used to gain insight on whaéslit mean “good” or “bad” equilibrium from the
perspective of the ECB.
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