
European Sovereign Debt Risk Management: the

Role of an European Debt Agency∗

Massimo Amato†, Everardo Belloni ‡ Carlo A. Favero§

Lucio Gobbi ¶ Ludovica Priviero ‖

July 19, 2023

Abstract

This paper proposes the establishment of a European Debt Agency (EDA) as

a tool for the efficient management of Eurozone, to address two primary risks:

roll-over and sustainability risk. The proposed EDA would price its loans using

a transparent formula that would anchor the price to fundamental economic fac-

tors. This approach would encourage fiscal discipline among Member States and

avoid inefficient costs resulting from market price deviations from fundamentals,

without resorting to debt mutualization. In addition, the paper suggests that

adopting flexible fiscal rules alongside the EDA could result in a smoother path

towards debt stabilization, by mitigating the macroeconomic effects of excessive

fluctuations in risk premia. The simulations indicate that this combination could

offer a comprehensive strategy for managing sovereign debt in the Eurozone that

would promote fiscal responsibility and stability.
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1 Introduction

The current macroeconomic conditions in Europe, characterized by high government

debts, low growth, uncertain inflation, and rising interest rates, make effective and

efficient risk management for government debt more important than ever before.

This paper analyses the potential of a European Debt Agency (EDA) as an efficient

debt management institution for the Euro area to reduce and manage the two main

sources of risk for sovereign debt: roll-over risk and sustainability risk. Sovereign debt

roll-over risk refers to the risk that a government may not be able to refinance its

existing debt obligations as they come due or roll them over into new debt, causing

a default. This risk materializes very rapidly with a collapse in the price of sovereign

bonds. Roll-over risk can serve as a tool to deter excessive debt when bond prices are

firmly linked to underlying fundamentals. However, its efficiency as a discipline device

is hampered when bond prices diverge from these fundamentals. Roll-over risk could

be fully neutralized if the central bank were allowed to buy back government debt at

maturity. This is not a feasible option for the ECB. Sustainability risk refers to the risk

that the government debt to GDP ratio gets on an explosive path. This risk materializes

when the primary surplus to GDP ratio is permanently lower than the debt-stabilizing

primary surplus. The debt stabilizing primary surplus is calculated by multiplying two

factors: the debt-to-GDP ratio, and the difference between the average cost of financing

the government’s debt and the rate of GDP growth. Sustainability risk builds more

slowly than roll-over risk as it takes time for fluctuations in bond prices to be reflected

in the average cost of financing the debt.

Both risks are very relevant in the current European macroeconomic scenarios. The

pandemic, along with the suspension of the Stability and Growth Pact (SGP) (Council

of the European Union 2020), has led to record-high deficits and public debts in Europe.

As a result, reducing the debt stock and bringing deficits back to acceptable levels have

become critical objectives for European policymakers. The challenge of sustainabil-

ity is further heightened by the potential increase in spending related to the ongoing

geopolitical crisis, such as investments in energy to decrease reliance on Russian gas,

to strengthen the European grid and promote the transition to renewable energy, and

for common defense. The task is particularly arduous, since the growth of European

economies is threatened by the inflation, caused by the increase in energy costs, by the

rearrangement of value chains as well as by supply bottlenecks and by the size of euro

area government debts. Persistence in the mismatch between observed inflation and

the inflation target increases the risk of de-anchoring inflation expectations.1 These

1Bernanke et al. (2007); Corsello et al. (2021); Lane (2022), Lagarde (2022); Woodford and Walsh
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dynamics, combined with expansive fiscal and monetary policies, generate the risk of

driving the eurozone into a stagflationary debt crisis in the medium term.2 When public

debts are perceived to be riskier than in “normal times”, the emergence of the risk of

multiple equilibria with a collapse in bond prices leading to a sudden spike in roll-over

risk may require a faster adjustment path, as already happened during the European

sovereign debt crisis. In this context, a severe misalignment between the credit risk of

MSs and the yields paid on their respective sovereign debts was observed. The challenge

lies in identifying the optimal policy mix, which can implement a deleveraging process

without jeopardizing the growth path of European economies that began in 2021. On

the one hand, attempting to reduce high public debt through a long series of primary

surpluses could be self-defeating when GDP growth rates (g) exceed the average cost of

financing the debt (r). On the other hand, the difference between r and g may become

non-negative, making fiscal policy incapable of implementing “tearless” deleveraging,

especially in contexts characterized by high inflation and high debt.3

There is an ongoing broad debate on the changes to be implemented to the Sta-

bility and Growth Pact (SGP) in order to prevent these phenomena. Recently, the

growth estimates have been revised downward (Lagarde (2022)). The fragility of Eu-

ropean growth, combined with the containment of inflation, does not allow for sudden

fiscal consolidation. Such high debts can only increase the risk of downgrading of the

sovereigns of some eurozone countries, a prospect that will be further reinforced as soon

as the ECB returns to applying the capital key rule. The debt normalization path could

exacerbate the problems related to the scarcity of safe assets in the European financial

system and to the doom loop.4 In order to manage such a delicate situation, several

proposals have been put forward to introduce schemes of collaboration and coordina-

tion between Member States and European institutions and a debate has emerged on

the reform of the current framework for fiscal rules. This paper describes the effect of

the joint implementation of growth-friendly fiscal rules for debt sustainability and the

establishment of EDA as an efficient debt management institution. In particular, we

consider the fiscal framework proposed by Giavazzi et al. (2021) in which the 60 percent

debt reference value becomes a long-term objective, but a medium-term target is in-

troduced driving the expenditure rule with different speeds of adjustment for different

types of debt.

The Agency operates under the given fiscal framework and it raises liquid funds

(2005)
2See Beckmann et al. (2022); Cochrane (2022) Cottarelli (2021); ECB (2022); Roubini (2021)
3See Amato and Saraceno (2022); ERSB (2021); Blanchard and Brancaccio (2019); Eichengreen

and Panizza (2016); De Grauwe and Ji (2013); Lian et al. (2020)
4Alogoskoufis and Langfield (2019); Golec and Perotti (2017)
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from the market by issuing bonds with finite maturity and continuously rolling them

over to pay principal and capitalized interests. It offers credit to MSs through perpetual

loans, which are priced based on their creditworthiness. As the cash flows from these

loans are higher than the interest payments on EDA bonds, the Agency accumulates re-

serves. EDA bonds are traded, while perpetual loans are not, and they are priced using

a transparent algorithm that considers them as risky perpetual loans. EDA amortizes

its loans by recording a liability on its balance sheet under the Expected Loss Provi-

sion. The Expected Loss Provision is higher for countries with lower creditworthiness.

The Agency’s long-run equilibrium is maintained by matching its assets and liabilities.

The Agency has seed capital, and because loans to MSs are priced differently based

on their creditworthiness, there is no mutualization of debt. However, the pricing of

loans generates a pooling effect that feeds the Solvency Capital of EDA on top of the

Endowment. The size of this Solvency Capital justifies the low-risk status of EDA. The

presence of EDA loans reduce roll-over risk and help MSs hedge their financing from

market sentiment vagaries.

The paper is structured as follows: in Section 2, we place our contribution in the

literature. Sections 3 and 4 provide an explanation of the working of EDA in detail,

and in Section 5, we illustrate how the presence of EDA loans reduces roll-over by

simulating the fluctuations of EDA loan prices over the period 2001-2021. In Section

6, we evaluate debt sustainability risk by simulating the implementation of fiscal rules

with a forward horizon of twenty years from 2022 onwards, in two scenarios. The first

scenario presupposes the implementation of the rules in the absence of EDA, the second

considers presence of a “small” EDA, taking over the “slow” portion of MSs’ debt.

2 Literature review

We place our paper in the literature by organizing available contributions around three

main issues.

First, during the early stages of eurozone operation, there were several instances

of excessive volatility of sovereign debt spreads. These episodes were characterized by

prices diverging from their underlying fundamentals and sudden bursts of roll-over risk.

Second, the creation of a European safe asset is considered crucial for the smooth

daily operations of financial market participants and for solving the “doom loop” prob-

lem that currently hampers debt sustainability for European banks. Various proposals

have been made for creating such a safe asset, the most recent ones being associated

with the establishment of a European Debt Agency.

Third, there is currently a debate surrounding the fiscal rule framework, which aims
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to reduce the risk of debt sustainability while avoiding an excess of restrictive fiscal

policies. Several proposals for reforming this framework have been put forward.

2.1 Credit risk and Government Bond pricing in the Euro

Area

The official press release of 21 July 2022 (ECB (2022a)) announcing the establish-

ment of the Transmission Protection Mechanism (TPI) enunciates the principle of an

ECB market intervention conditional on the macroeconomic compliance of the Member

States to the existing rules and the presence of fluctuations in yields not justified by

fundamentals. The TPI is explicitly intended to counter the formation of bad equilibria

characterized by misalignments between expectations and MSs’ fundamentals. While

government bond pricing in line with fundamentals promotes market discipline, mis-

alignments impact negatively on the debt dynamics, increase roll-over risk, and make

debt stabilizing fiscal policy more costly. The empirical literature on the misalignment

between government bond prices and fundamentals in the euro area is abundant.5

At the time of the establishment of the eurozone, economists and policymakers

of the European institutions believed that the process of standardisation of issuance

techniques and regulations, the elimination of exchange rate risk and the harmonisation

of tax regimes would trigger a process of convergence and of greater integration in

public debt markets. Indeed, in the pre-Great Financial Crisis (GFC) period, spreads

between sovereign debt yields showed considerable convergence to low levels. The size

of spreads, while still minor, could be ascribed to three main components: credit risk,6

international risk factors7 and liquidity risk.8

In the wake of the GFC and the European sovereign debt crisis, several empirical

works focused on how the convergence process of government bond yields had broken

down and how spreads displayed the emergence of idiosyncratic risk components.9 In

particular, evidence emerged that spreads dynamics were more driven by variables

which more representative of economic sentiment than of fiscal fundamentals.10

The literature emphasised how this risk triggered self-fulfilling speculative attacks

5Afonso et al. (2014); Cantore et al. (2019); Corsetti et al. (2014); Favero and Missale (2012); Kim
et al. (2015); Lane (2012); Lorenzoni and Werning (2019)

6Bernoth and Wolff (2008); Faini (2006);Von Hagen et al. (2011); Afonso and Strauch (2007) and
Manganelli and Wolswijk (2009)

7Codogno et al. (2003), Geyer et al. (2004); Sgherri and Zoli (2009); Favero et al. (2010)
8Schuknecht et al. (2004); ECB (2003); Gomez-Puig (2006); Beber et al. (2009); Manganelli and

Wolswijk (2009)
9Favero and Missale (2012); Afonso et al. (2014); Kim et al. (2015)

10Georgoutsos and Migiakis (2013); Paniagua et al. (2017)
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on the debts of those countries perceived to be riskier, as well as a capital migration

to countries perceived to be safer (flight to quality). This phenomenon illustrates how

changes in market sentiment are able to shift the sovereign debt market from a good

to a bad equilibrium very quickly.11. Evidence of a sizeable redenomination risk, i.e.

the possibility that some Member State would abandon the euro and return to a local

currency, capable of causing contagion effects also emerged.12 Analysis of the effects on

sovereign debt yields of the ECB’s conventional and unconventional monetary policies

(QE) following the “whatever it takes” speech (Draghi (2012)) confirm the evidence for

the presence of redenomination risk and point also to a persistent mismatch between

yields and fiscal fundamentals13.

A recent study Ceci and Pericoli (2022) proposes an empirically successful econo-

metric model for government spreads of eurozone by estimating a a multi-country model

in which the spreads of the government bond yields of Italy, France and Spain with re-

spect to the German bond yield are regressed on a set of fundamental macroeconomic

variables and a set of variables approximating the risk attitude of investors, for the

period January 2007 – June 2022. The model provides an estimate of the fair value of

the Italian ten-year sovereign spread, defined as a value consistent with the country’s

macroeconomic fundamentals. Since the second half of 2010, the fair value has often

been lower than the observed spread, with significant differences in periods of market

tension and political uncertainty, such as during the sovereign debt crisis in 2011-2012,

political uncertainty in mid-2018, and the onset of the pandemic in March 2020.

In summary, there is significant evidence to suggest that sovereign debt yields in

the eurozone have displayed inefficient and excessive volatility, consistent with levels of

roll-over risk far higher that those justified by fundamentals. This evidence indicates

that financing Member States of the European Union through the establishment of a

European Debt Agency, with perpetual loans that are not traded but priced transpar-

ently to reflect fundamentals, can help to contain roll-over risk. This approach would

insulate bond prices from fluctuations driven by market sentiment and help stabilization

of financial markets.

2.2 A European Safe Asset through a European Debt Agency

Establishing a European Debt Agency could contribute to increasing the low volume

of euro-denominated safe asset, that currently does not exceed 25 per cent of the total

11Arghyrou and Tsoukalas (2011); De Grauwe and Ji (2013); Corsetti and Dedola (2016) and Lane
(2012)

12De Santis (2019), Kremens (2018)
13Afonso and Jalles (2019); Favero (2013)
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volume of sovereign debt.

Insert Table1

A safe asset is a financial security embodying a payment promise with zero credit risk.

Its high demand depends mainly on its use as high-quality collateral by financial op-

erators on a daily basis in order to manage their liquidity needs. The need for safe

assets can be driven by the need to comply with national and international regula-

tions, as well as for portfolio building by risk-averse investors. Investment funds also

use safe assets to price risky assets as well as a store of value. Moreover, safe assets

are widely used by central banks in the implementation of their monetary policy.14 In

crisis time the financial system faces a shortage of safe assets and traders have to “ac-

commodate” themselves with quasi-safe assets15. In these periods “flight to quality”

causes a shift of portfolios from peripheral to core sovereign securities in the eurozone

and the yield spreads widens not only because the price of riskier euro area government

bonds decreases but also because the price of safer bonds rises. Moreover, in absence

of a European safe asset, banks and insurance companies have been over-exposed to

domestic government bonds and the value of their balance sheet has been considerably

correlated with the value of government bonds. In this scenario a government debt

crises induces a contraction of the supply of bank loans that increases the probability

of a recession and of a downward spiral labelled as doom loop (Alogoskoufis and Lang-

field (2019)). The risk of a down loop might in turn induce governments to introduce

bail-out possibilities that convey risk from the banking system to government bonds,

despite in place regulatory provisions on banking resolution (e.g. the Bank recovery

and Resolution Directive).16

Two crucial issues are relevant to design a common European safe asset, with or

without establishing a Debt Agency.

The first one is the avoidance of debt mutualization, i.e. the pooling of national

government debt within the euro area, which allows for joint liability among member

countries, expressed by Article 125 TFEU, according to which “a Member State shall

not be liable for or assume the commitments of central governments, regional, local or

other public authorities, other bodies governed by public law, or public undertakings

of another Member State”. Debt mutualization helps reduce the borrowing costs for

countries with higher debt levels, as the risk is shared across the entire euro area,

14Bank of France (2021); Caballero et al. (2017); Golec and Perotti (2017); Greenwood and Vissing-
Jorgensen (2018); Jank et al. (2022)

15Gorton and Ordonez (2014); Barro et al. (2022); Krishnamurthy and Vissing-Jorgensen (2012)
16Bolton and Jeanne (2011); Gennaioli et al. (2014); Gerlach et al. (2010); Dieckmann and Plank

(2012)
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but it also makes irresponsible behaviour profitable, as national government would

not anymore subject to market discipline. Mutualization is currently considered as

politically acceptable for a limited (‘una tantum’) number of common issues for special

purposes.

The second issue is the avoidance of the “juniority effect”, which occurs whenever

debt is tranched in “senior” and “junior”. The junior part is exposed to risk of mis-

pricing and speculative attacks and the safety of the senior tranche could be jeopardized

in the event of a systemic crisis.17

Before the pandemic crisis a number of proposals were made to introduce a safe

asset without the explicit proposal for a European Debt Agency.

The first proposal is the issuance of Eurobonds using the European budget.18 This

type of asset is definitely a safe asset, as evidenced by the debt issuance to finance the

Next Generation EU. However, it clearly involves government debt mutualization.

The second proposal 19, is the issuance by financial intermediaries of bonds covered

by sovereign debt portfolios in two separate tranches: a senior one (“European senior

bonds”) and a junior one (“European junior bonds”). The payment of the coupons on

the debt issued by the intermediaries are matched with the instalments paid on the

sovereign debt portfolio. This proposal avoids mutualization but it does not avoid the

“juniority effect”.

The third proposed solution is the tranching of national debts20. In this case, a Eu-

ropean agency would issue European bonds (E-bonds) in separate tranches and match

them with senior loans granted to member states. No mutualization would occur and

the senior tranches would constitute a European safe asset; however, the “juniority

effect” is still a problem.

Dosi et al. (2021) propose a structural reform of the European Stability Mechanism

(ESM). According to the authors “the ESM should abandon the current loan-based

approach in favour of an insurance-based structure in which the Stability Mechanism

becomes the guarantor of the public debts and the countries which get a direct and

immediate benefit from its guarantee pay an annual premium calculated at market

prices”. The insurance scheme would provide a European safe asset, however the in-

surance premium paid by MSs is calculated at market prices, hence its estimate could

be affected by market mis-pricing.

17De Grauwe and Ji (2018)) and Gabor and Vestergaard (2018))
18Ubide et al. (2015); Zettelmeyer (2017)
19Brunnermeier et al. (2011); Brunnermeier et al. (2017); ESRB-HLTF (2018)
20Monti (2010); Juncker and Tremonti (2010)
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Explicit proposals for a Debt Agency emerged in the wake of the pandemic.21

Giavazzi et al. (2021) propose that the Debt Agency gradually acquires over a period

of five year a portion of the debt of each Member State. Total acquisitions are equal

to the amount of “Covid Debt”, measured as the increase in the debt-to-GDP ratio

experienced by each country in 2020 and in 2021. In the years after the fifth the Agency

would keep the ratio of debt issued on behalf of each country to GDP, i.e.
BEDA

i,t

Yi,t
,

constant. The acquisition would be financed by the issuance of EDA debt, paying

an interest rt. This liability would be matched only by reserves. According to this

proposal, reserves are cumulated with an annual outflow equal to the interest payment

by the Agency, rt ∗ BEDA
t and an annual inflow made by the sum MS’s contributions

to the Agency set to (rt − gi,t) ∗ BEDA
i,t , with the proviso that in the case of rt <

gi,t, the contribution is set to zero. Therefore, reserve dynamics for the Agency is

counter-cyclical: reserves are accumulated in recessions and decumulated in expansions.

However, MS’s payments to the Agency are procyclical, (MS’s contributions are higher

in “bad times”): for any two countries with equal debt and opposite state of the cycle,

the contribution of the country in recession will be higher than that of the country in

expansion. Moreover, as recessions occur more rarely and last shorter than expansions,

reserves are likely to deplete over time. Also, some form of debt mutualization is

present, and it has been argued (Micossi (2022)) that this proposal is not compliant

with Article 125 of TFEU.

Micossi (2021) and Avgouleas and Micossi (2021) propose to unburden the ECB

balance sheet from the amount of sovereign debt purchased under unconventional mon-

etary policy programmes with simultaneous purchase of the latter by the ESM, financed

through the issuance of safe ESM bonds. The implementation of this proposal would

free the ECB from fiscal dominance without mutualization, and would increase the vol-

ume of safe assets for the European and international financial system. However, this

framework is a one-of measure with little potential for interaction with the dynamics

of debt stabilizing rules over a long-horizon.

2.3 Fiscal rules: the current framework and proposals for re-

form

The European fiscal framework was built with the aim of settling together two different

objectives. On the one hand, the goal has been to promote debt sustainability, while

preserving independency of common monetary policy from fiscal policy; on the other

hand, Member States should have been allowed enough flexibility as to be able to set

21Giavazzi et al. (2021) and Micossi (2021)
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up countercyclical fiscal measures. Both principles are sought to be incorporated into

the EU fiscal framework in order to avoid the adverse effects connected with a sovereign

debt crisis and equip MSs with an adequate instrument for macro-stabilization.

The basic architecture of the rules has been outlined in Article 126 TFEU and

Protocol 12, annexed to the Maastricht Treaty, and it is articulated around two reference

values: 3 percent for the deficit and 60 percent for the debt-to-GDP ratio. With the

changes occurred over time in the economic environment, the simple layout of the

Stability and Growth Pact (SGP) turned out to be unsatisfactory. As a consequence,

periodically, there have been few attempts to change its structure22. More and more

layers of complexity have been added in the hope of changing rules that constrained

fiscal policy during downturns, while wrongly allowing for pro-cyclical fiscal expansions.

All these additions tried to deal with the weaknesses of the SGP, introducing cyclical-

adjusted variables and making the enforcement of fiscal limits less arbitrary. At the

same time, the basic layout, i.e. the uniform debt target and the reference value for

the allowed deficit, was not challenged by these successive modifications. So, despite

the numerous subsequent amendments and improvements to the EU fiscal rules, their

underlying logic and juridical structures have been retained.

However, the debate about rethinking the fiscal framework is now focusing on crit-

icizing the level of common debt and deficit reference values. A strong majority of

economists agrees that debt sustainability is not a predetermined concept that can

be summarized through the adherence to fixed values. On the contrary, it should be

assessed case by case, taking into consideration the country’s fiscal track record, its

ability to generate primary surplus, the current country-specific interest rates and its

long-term growth. Furthermore, the effort of trying to reconcile time-invariant values

with more state-contingent procedures is doomed to failure because of the overall in-

tricacy. The implementation of such flexible measures is impaired by the estimation

of badly-measured indicators and incorrect forecasts, as happens for example when

estimating structural budget balances. This can ultimately lead to misleading policy

guidance.23

While it is widely shared that a deep reform of the EU fiscal rules is needed, what

is controversial is the way in which this change should be implemented. Among all the

proposed reforms, the one made by Blanchard et al. (2021) stands out for its radical

approach. The authors, indeed, put forward the proposal of abandoning fiscal rules

in favor of fiscal standards, i.e. qualitative prescriptions able to properly seize rele-

22Reforms occurred in 2005 with the first amendment; in 2011 through a collection of new laws,
known as the “Six Pack”; in 2013 with the so-called “Fiscal Compact”; in 2014 with the review of the
“Six Pack” and “Two Pack” rules; in 2015 with the issuance of guidance by the Commission

23Claeys et al. (2016); Fatás (2019)
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vant contingencies. Within this framework, imposed limits would be state-contingent

and country-specific and based on general objectives coupled with stochastic debt sus-

tainability analysis, aimed at assessing how risky is debt sustainability for MSs. The

task of assessing whether or not countries’ fiscal adjustment plans are adequate should

be assigned to independent national fiscal institutions (IFIs) and/or to the European

Commission. In addition, as far as the enforcement is concerned, it could be conducted

by the Council of the European Union or, alternatively, by an independent body, such

as the European Court of Justice (ECJ) or a specialized EU-level court. In particular,

the authors argue for this second option.

Although the revision of the EU fiscal framework proposed by Blanchard et al. (2021)

is extremely attractive and well-designed, the problem lies in the implementation of the

project within the current EU law. As a matter of fact, employing fiscal standards

would require to amend Protocol 12, in order to remove the 60 percent and 3 percent

debt and deficit benchmarks outlined there. Moreover, even the designed procedures

of enforcement raise some issues. The enforcement via the Council of the EU could be

seen as a variant of the current procedure, so it would not require legislative changes

at European level. However, it may require changes in national constitutions as far as

it is needed to give power in the national budget approval process to either a national

or an EU entity. The adjudication by a new European designated body, instead, would

for sure require a deep change of EU primary legislation, namely a Treaty change.

These are quite ambitious challenges to overcome, since implementing some of these

modifications would involve the unanimous consent of Member States.

Preserving these benchmarks, even if only partially, while trying to make the rules

less convoluted and less procyclical is a more realistic approach. For this reason, most

of the reform proposals24 moved in this direction. Martin et al. (2021), for instance,

proposed a less radical approach with respect to fiscal standards: the idea is to maintain

the reference values, while giving up the country- and time-invariant aspect. Indeed,

each MS should have its own specific medium-term target and it would function as

an indicator for the expenditure rule. Even though it avoids radical changes of the

Treaties, it would still require the establishment of domestic IFI and, as a consequence,

the critical amendment of national legislation.

In April 2023, after months of deliberations, the European Commission has finally

officially disclosed its proposal for renovating the EU fiscal rules. Besides the numerous

shortcomings, it is worth underlining two aspects that are on the right track. The

first improvement is represented by the idea of treating debt sustainability as a whole,

24Beetsma et al. (2018), Bénassy-Quéré et al. (2018), Claeys et al. (2016), Darvas et al. (2018),
Thygesen et al. (2019) and more recently Giavazzi et al. (2021), Haroutunian et al. (2022)
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abandoning the year-after-year rule of the 3 percent deficit. Secondly, the proposed

plan envisages the evaluation of the pre-existing debts of each country, allowing for a

case by case analysis.

The interaction between fiscal rules to ensure debt sustainability and a European

Debt Agency to ensure efficient debt management without mutualization could play a

key role in giving flexibility to fiscal policy while preserving debt sustainability. Giavazzi

et al. (2021) take a step in this direction pairing their proposal for a European Debt

Agency with a new fiscal framework. Their plan maintains the 60 percent debt reference

value as a long-term objective, but it introduces a medium-term target driving the

expenditure rule and different speeds of adjustment for different type of debts: slow

speed of adjustment and fast speed of adjustment. Slow speed debt is the results of the

deficits accumulated in response to crises and to finance spending for the future. Crisis

over the sample 2001-2021 are identified as years in which the escape clause is active

(the Covid period and recessions in 2008-2009 and 2011-13). As part of the golden

rule scheme, any spending with positive impact on medium-term growth and benefiting

future generations is also included in the slow-speed debt. The fast-speed part is the

residual stock of debt.

Our proposal for an EDA is part of this new debate. In the following sections we

will recall its modus operandi and its ability to reduce roll-over and sustainability risks,

to then simulate a management of the new rules reinforced by the operation of a EDA,

tasked with managing only part of the Member States’ debt.

3 The European Debt Agency

Our operational model for the EDA exhibits the following key characteristics:25

i) The Agency collects liquid funds on the market by issuing bonds with finite ma-

turity and by continuously rolling them over to pay principal and capitalized

interests.

ii) When EDA begins its operations it starts buying MSs bonds. The Agency pro-

vides credit to MSs to finance the repayment of their maturing bonds (principal

plus interests) as well as their primary budget deficit. This credit facility takes

the form of perpetual loans, entailing for the Agency a commitment to renew the

25We leveraged on the framework elaborated in Amato et al. (2021), but we introduced important
refinements, mostly concerning the dynamics of loan prices and that of the quantities of Reserves. For
general considerations on the institutional role of the EDA, and its relationship with the debate on
European rules, the reader can refer to Amato et al. (2022).
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loans perpetually (“perpetuity option clause”) unless a MS partially refunds them

through primary budget surpluses.

iii) The perpetual loans are priced using a risk-adjusted unit cost differentiated ac-

cording to the MS’s creditworthiness. The perpetuity is computed following a

perpetual-amortization scheme. The EDA amortizes its loans by recording a lia-

bility on its balance sheet corresponding to the expected credit loss that has been

priced in the perpetuity.

iv) The deferred perpetuities charged to MSs are collected annually by the EDA

and accumulated under an “accrued interest reserve” item, intended to cover

the Agency’s future liabilities (EDA bond principal, bond accrued interests and

expected losses). The reserve takes the form of a “Central Bank interest-bearing

liability”; the interest rates used in revaluing the reserves are in line with the

capitalized interests payable on the EDA bonds. Also, the agency is initially

endowed with a seed capital injection.

v) The dynamics of assets and liabilities pin down solvency capital. This capital

could be measured in terms of the number of forbearance years of a “stressed”

annuity payment that it allows to each MS. The annuity payment is stressed in

the sense that it is computed for credit grade “next to default”.

The introduction of perpetuities with EDA, allows to move from a jump-to-default

logic to a forbearance logic. Whilst default logic implies that a significant part of the

exposure is non-performing, forbearance only suspends the payment of the interest due

(i.e. of the perpetuity instalments) during a congruous but limited restructuring period,

without implying any form of default. In the context of a perpetuity scheme, a finite

payment suspension cannot undermine the soundness of the scheme itself. Solvency

capital is then naturally measured in terms of the number of forbearance years of a

“next to default” annuity payment for each MS. MSs cannot issue perpetuities directly,

as these do not easily complement the liability structure prevailing in the market (ac-

cording to a logic of liquidity preference), which implies a portfolio offering of assets

with finite duration. This is why the EDA intermediation is needed, in order to de-

couple perpetuity and the issuance portfolio by offering bonds with finite duration and

leveraging mechanisms to roll over issues while minimising repricing risks thanks to a

high credit rating. EDA creditworthiness leverages on three key elements: 1) portfolio

diversification, 2) solvency capital and 3) repricing of the perpetuity to address interest

rate risk (change in the prevailing level of interest rates for relevant durations relative
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to the issuance portfolio). The scheme of the EDA balance sheet is summarized in

Table 2.

Insert Table2

Bonds issued by EDA are traded on the markets and the availability of solvency

capital and reserves gives them the status of European safe asset. Instead, there is no

market for the perpetual loans, perpetuities are priced by EDA with a risk risk-adjusted

interest rate made up of two basic components: the average cost of servicing the EDA

issued bonds and an add-on cost reflecting the riskiness of each MS in line with its

specific creditworthiness, i.e. proportional to its degree of compliance to the agreed EU

rules. The cost of perpetuities for each MS is a function of the market cost of the EDA’s

issuing portfolio, plus a differential cost reflecting the MS’s specific creditworthiness.

This allows the EDA to avoid any component of mutuality in prices.

4 Pricing of the irredeemable mortgage scheme by

EDA

To price the irredeemable mortgage scheme EDA computes the present value of an

infinite stream of payments using the yield rBt as a discount rate, reflecting its annual

cost of debt. Future payments are not deterministic but they occur only if MSs are

not in “default”. The probability with which a given MS enters the state of default

in each future period is computed by i) assigning each MS to a specific credit risk

class j based on its creditworthiness, from the safest (conventionally labelled AAA) to

the default class (labelled D) ii) assuming that a country defaults only when it reaches

state D, and modelling the transition from one state to the other via a transition matrix

that depends on the state of the economic cycle iii) taking into account that, as the

business cycle is stationary the predicted point-in-time transition matrix at each period

in the future converges rapidly to a constant through-the-cycle transition matrix. Given

the discount factor and the credit risk migration model the present value of a unitary

perpetual annuity for a country i initially in credit risk class j can be then computed

as ãij,t and the interest on the perpetual annuity is then set to 1
ãij,t

(see appendix A1).

Given the unitary perpetual annuity value, the annual instalment cost for each

country, labelled as “idiomatic cost”, is computed in order to preserve the intertempo-

ral financial equilibrium of the EDA. To this end each country should pay an annual

instalment, cij,t that ensures the match between the present value of the perpetuity’s

payment and the difference between the value of bonds issued by EDA to finance the
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country,BEDA
i,t , and reserves accumulated by the country with EDA,REDA

i,t :

cij,t =
BEDA

i,t −REDA
i,t

ãij,t
. (1)

It is immediate to verify that the above formula guarantees that, for each country,

the present value of total assets with EDA ãj,tcij,t is equal to the total of current net

liabilities with EDA (BEDA
i,t −REDA

i,t ).

“Idiomatic cost”has several important features.

1. Each Member State pays for the risk inherent to the specific credit risk class j to

which it is assigned, without involving any form of solidarity or mutuality among

Member States of different credit risk classes. Thanks to the irredeemable nature

of the loan granted by the Debt Agency, the instalment corresponds to the risk-

adjusted interest that a Member State of credit risk class j has to pay annually

to finance its debt based on its creditworthiness.

2. The annual instalment cost is repriced in each period so that EDA’s assets are

shielded from interest rate risk and upgrades and downgrades in the merit credit

of Member States are timely fully priced.

3. Each Member State debt is priced independently. Pricing the debt of each country

independently generates a total payment to EDA higher than the case in which

the Debt Agency prices at time t its loans portfolio using an average annuity cost

computed as the weighted average of the annuities of the credit risk classes, with

weigths determined by the relative loan exposure for each class. Average pricing

assures in expectation the agency intertemporal equilibrium exploiting a “pooling

effect” that it is not present under idiomatic pricing. Therefore, idiomatic funda-

mental pricing scheme generates a total payment that is structurally higher than

the one implied by average pricing. Under idiomatic pricing EDA will accumulate

reserves that can be precisely attributed to each country. The sum of reserves and

loans will exceed the value of bonds and will form the expected losses component

of the balance sheet. Under the pricing scheme adopted, all countries are expected

to default on a given debt proportion at a (differently distant) finite time in the

future, however, EDA has always positive equity. In fact, at the time in which

a country is expected to default, reserves will match bonds issued and expected

losses will match outstanding loans. Note that the accumulation of reserves and

expected losses will be related to the credit risk class to which countries are as-

signed. The worse the credit risk class, the faster the accumulation of reserves
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and expected losses.

4. By leveraging on the potentially irredeemable nature of sovereign debts, we have

intended to price the overall cost by means of an amortizing scheme according

to which every single Member State pays for an infinite period of time only a

risk-adjusted interest, regularly re-priced. Reserves accumulated by EDA under

the idiomatic pricing scheme will contribute (together with an initial endowment)

to form its required risk capital. In the context of a perpetual long scheme where

fiscal rules prevent the risk of exploding debts and deficits, capital can be used by

MS to suspend the payments of the perpetual loans for a number of “forbearance”

years in which reserves accumulated with EDA can be used to pay loans and, if

necessary, to finance temporary primary deficits. It is therefore natural to evaluate

risk capital in terms of forbearance years allowed by the reserves available with

EDA for each MS.

5 EDA and Roll-over Risk

Fig.(1) illustrates the historical trends of the yields to maturity of 10-year bonds issued

by Member States.

Insert Figure 1

Fig.(1) clearly shows that the initial convergence process following the inception of

the euro in 2001, had been substituted by a process of divergence beginning after the

US subprime lending crisis, reaching its peak during the sovereign debt crisis of 2011-

2012. In fact, a “divergent symmetry” (“symmetrical divergence”) emerges between

countries with high credit rating (primarily Germany) and countries with a tight budget

constraint (especially Italy and Greece). This pattern becomes inefficient if the resulting

cost of debt service for MSs were different than the cost of debt service consistent with

their fundamental risk. The effects of this inefficiency are worsened when member states

banking system bond holdings are affected by home bias: in this case a “doom loop”

emerges when falling government bond prices causes a reduction in bank loans that in

turn increases roll-over risk via its recessionary impact.

What would have happened if the cost of servicing the debt of these Member States

had been calculated on the basis of the idiomatic pricing scheme for EDA loans? Given

a discount factor represented by the 10-year fixed interest rate swap in the euro area,

the historical rating grades assigned by Credit Rating Agencies to MS’s over the period

2001-2022, and the estimated point-in time- and through-the-cycle transition matrices
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of our credit risk migration model, we have simulated the idiomatic costs of loans with

EDA for each Member States. Figure 2 shows the simulated series of idiomatic costs

for Italy, Germany and a hypothetical country with the credit grade “next to default”

together with the observed yields of 10-year Government Bonds for Germany and Italy.

Insert Figure 2

These costs are “risk sensitive”, but the idiomatic pricing of risk is very different from

the pricing observed in 10-year bond yields for Germany and Italy during the simulation

sample. Importantly, idiomatic costs do not manifest “diverging symmetries” in favour

or against a particular Member State, since they are calculated on the assumption that

a “systemic risk factor” operates at the level of the entire eurozone. Note also that there

are several episodes in which the observed 10-year bond yield for Italy is much higher

than the idiomatic cost for a country with a credit grade “next to default” despite the

fact the rating grades assigned to Italy never went any close to it. Although 10-year

yields and idiomatic costs are not directly comparable because of the different duration

of the underlying investment, their different fluctuations would eventually be reflected

in different average costs of government debt servicing. The evidence suggests that the

cost of debt service for MSs has been inefficient, i.e. different from the one consistent

with their fundamentals.

In a recent paper Ceci and Pericoli (2022) provide an estimate of the fair value of

the Italian ten-year sovereign spread, defined as the value consistent with the country’s

macroeconomic fundamentals. They estimate first a panel model with fixed effect for

Italy, Spain and France over the period 2007-2022.

si,t = α + δi + β0Zi,t + β1Xi,t ++β2Ft + ϵi,t. (2)

where si,t is the end-of-period spread observed for country i at time t measured as the

difference between the 10-year government bond yield of country i and the corresponding

10-year German bond yield; δi represents country fixed effects. Zi,t includes country

specific macroeconomic variables; namely, the debt-to-GDP ratio, the expected average

inflation over the next five years surveyed by Consensus Forecast; the average real GDP

growth rate expected over the next twelve months surveyed by Consensus Forecast,

the average real GDP growth expected over the next five years surveyed by Consensus

Forecast, and the unemployment rate. Xi,t and Ft represent variables related to the risk

attitude of investors which are, respectively, country specific (a market-based indicator

of redenomination risk, the so-called ISDA basis) and common to all countries (the

search volume of “euro break-up” or similar words using the Google search engine).
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After successful estimation of the model, they determine the fair value of the spread as

si,t = α̂ + δ̂i + β̂0Zi,t. (3)

Figure 3 reports the fair value of the Italian ten year bond obtained using the fair value of

the spread derived by Ceci and Pericoli (2022) (with bounds reflecting the uncertainty of

the estimated parameters) and the simulated idiomatic cost derived by our methodology

(with bounds determined by the idiomatic cost attributed to the rating grades of the

next riskier and safer groups). The approaches are very different, in that in the case

of the idiomatic cost risk adjusted returns are computed for the perpetuity, while in

the case of the fair value only macroeconomic fundamentals are used to determined the

fair value of spread without including any risk pricing uncorrelated with Zi,t. However,

there is a common clear indication of several episodes of inefficient pricing of 10 year

Italian government bonds over the sample considered.

Insert Figure 3

6 EDA, Flexible Fiscal Rules and debt sustainabil-

ity

To illustrate the potential of the role of EDA for efficient debt management we simulate

over an horizon of twenty years two different scenarios in which fiscal sustainability is

achieved through the implementation of flexible fiscal rules. In particular, the adoption

of flexible fiscal rules without EDA, and the adoption of flexible fiscal rules with an

EDA. The first scenario is a benchmark scenario in which EDA is not established. In

the second scenario, EDA gradually acquires a portion of MS’s debt equal to the amount

of the slow-adjusting debt subject to the golden rule. In this scenario, the “fast” portion

of government debt would be financed by sovereign bonds and the “slow” portion of

debt would instead be financed by loans with EDA.

6.1 Flexible Fiscal Rules

We build on Giavazzi et al. (2021) who consider a golden rule paired with the separation

of the debt into two components: slow speed of adjustment and fast speed of adjustment.

The proposed rule has a medium-term target for the debt-to-GDP ratio to be achieved

by imposing a ceiling on the net primary spending. The medium-term is defined as

10 years and the medium-term target proposed is given by the current debt plus a
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correction that depends on two components: 20 percent of the gap between slow debt

and its final target and 50 percent of the gap between fast debt and its final target.

The medium-term target debt is then set as follows:

b̂i,t = bi,t − 10 ∗ β ∗
(
bi,F,t − b∗i,F,t

)
− 10 ∗ γ ∗

(
bi,S,t − b∗i,S,t

)
where β = 0.05 and γ = 0.02. bi,t,bi,S,t, and bi,F,t are respectively is the ratio to GDP

of total debt, slow speed of adjustment debt, and fast speed of adjustment debt for

country i at time t.

Net spending is then set by the fiscal reaction function that stabilizes the debt-to-

GDP ratio towards the long-term targets. The reaction function is then specified as

follows:

(gi,t − ti,t) = −ri,t −∆yi,t
1 + ∆yi,t

bi,t−1 −
1

10
∗
(
bi,t−1 − b̂i,t−1

)
(4)

where ri,t is the cost of financing and it is equal to ratio of interest payment in year t

to the stock of debt in year t-1,
IPi,t

Bi,t−1
, (gi,t − ti,t) is the ratio of the primary deficit to

GDP, ∆yi,t is the rate of growth of nominal output, Yi,t, for the Member State i at time

t. Equation (4) can be equivalently written as:

(gi,t − ti,t) = −ri,t −∆yi,t
1 + ∆yi,t

bi,t−1 − β
(
bi,F,t−1 − b∗i,F,t−1

)
− γ

(
bi,S,t−1 − b∗i,S,t−1

)
(5)

The fiscal reaction function has two components: the first one is the primary surplus

that would stabilize the debt to GDP ratio at the current level, while the second one

implements the correction and ensures that the medium term target and the final target

are reached within the chosen horizons.

Overall, this proposal maintains the long-run target for debt-to-GDP ratio at 60%,

while operating on different speeds of adjustment for the debt. A golden rule is then

implemented, with the precise role of avoiding premature consolidation coming out of

recessions and stimulating “good” spending.

6.2 Debt Sustainability and EDA

The potential role of EDA in the implementation of flexible fiscal rules is assessed by

simulating over the period 2023-2040 two scenarios for debt stabilization: a benchmark

without EDA and an alternate scenario in which EDA is introduced26. Fiscal rules are

first simulated without EDA to assess the pattern of debt stabilization and of primary

26See Appendix A2 for detailed description of the models we have used for simulation
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surpluses necessary to achieve it. Then an alternative scenario is built in which EDA

acquires progressively the slow debt and it takes 5 years to complete this operation. In

our simulations EDA begins operating in 2022, by issuing bonds to make loans to MS’s

to acquire progressively their entire current and past slow debt. An initial capital, equal

to a share of the ESM capital determined by the ratio of the total “slow” debt to total

debt of MS’s when EDA becomes operational is conferred to EDA via the ESM and

it can be attributed within EDA to member countries according to the ESM weights

(https://www.esm.europa.eu/esm-governance).

From the inception of EDA the fiscal rule is modified to take in account that the

government debt is made of a mixture of Bonds and Loans with EDA and loans with

EDA are treated as slow-debt.

After its establishment EDA continues to absorb pre-EDA slow debt until all past

and new slow debt is financed through EDA loans. From 2023 onwards MSs start to

pay deferred instalments to EDA. The EDA bonds increase because of interest rate

payments and because of new lending. As payments on the perpetual loans flow in

the Agency accumulates reserves and it also records expected loss provisions (elEDA
i,t ),

computed as the difference between the sum of loan-debt and reserves and the bond-debt

issued by the EDA. The initial endowment to GDP ratio (enEDA
i,t ) is kept constant over

time. After the transition is completed there are two types of debt: government bonds,

that finance exclusively fast debt, and EDA loans, that finance exclusively slow-debt.

In the baseline scenario debt and deficit dynamics are simulated by specifying first

the stochastic processes for the euro area swap rate 1-year and 10-year swap rates,

which are the drivers of the German ten-year yields. Different MS’s ten-year yields

spreads are driven by fiscal fundamentals and volatility around them. Fluctuations in

yields at different maturities impact on the dynamics of the average cost of servicing

the debt. GDP growth in all countries depends on the common monetary policy on

the primary deficits and the country risk premia as captured by the spread of 10 year

yields on government bonds on the 10 year German Bund.

In the alternative scenario the pricing equation for EDA loans is introduced, and the

model is modified in that, whilst keeping all estimated parameters constant, the volatil-

ity of the country risk premium declines as the presence of EDA mitigates the deviations

of bond prices from fundamentals. The simulation model contains six stochastic equa-

tions for GDP growth in the MS’s countries (Germany, Italy, France, Spain, Portugal

and Greece), six stochastic equations for the 10-year yields on government bonds, six

stochastic equations for the average cost of financing the debt, two stochastic equations

for the 1-year and the 10-year swap rates, one equation for the rate on EDA loans,

six fiscal reaction functions determining the primary surplus for MS countries and six
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dynamic equations determining government debt to GDP dynamics for MS countries.

Stochastic simulation is implemented by bootstrapping the rows of the matrix con-

taining the estimated residuals for all the stochastic equations.27 The results of our

simulations are illustrated in Figures 4-5.

Insert Figures 4-5

Stabilization is achieved by the adopted fiscal rules both in the baseline and the al-

ternative scenario. However, stabilisation costs are very similar in the two scenarios

for low-debt countries. Still, they are much smaller when EDA is present for high-

debt countries as the primary surpluses needed to stabilize the debt-to-GDP ratio are

smaller and less volatile. Stochastic simulations also show that the upper bounds of

the 95 per cent confidence intervals for primary surpluses implied by the fiscal rules in

the worst-case scenario are much smaller when the debt agency is operational. This

evidence depends on the importance of EDA loans to reduce the level and the volatility

of the cost of financing the debt and witnesses the importance of EDA in reducing the

risk associated with fiscal rules for debt stabilization. Importantly, Pareto efficiency is

achieved within EDA in the sense that no MSs are worse off and some are better off.

7 Conclusions

The current economic situation in Europe has made it so that countries could be at

high risk of two types of government debt risks: roll-over risk and sustainability risk.

To help manage these risks, we suggest the establishment of an EDA (European Debt

Management Agency). Our proposal addresses roll-over risk by pricing EDA loans with

a transparent formula that anchors price to fundamentals. This discipline mechanism,

avoids the inefficient costs generated by deviation of market prices from fundamentals

while giving Member States incentives for fiscal virtues as it does not imply debt mu-

tualization. Out-of-sample simulation analysis show that adopting flexible fiscal rules

in the presence of EDA allows a smoother path towards debt stabilization by reducing

the macroeconomic consequences of excessive fluctuations in risk premia. Overall our

results show that EDA is efficient in two different ways. With EDA loans roll-over risk

is addressed by issuing loans whose pricing is always efficient in the sense that it never

deviates from fundamentals. Sustainability risk is addressed by the joint implementa-

tion of growth-friendly fiscal rules for debt sustainability and the establishment of EDA

as an efficient debt management institution. The important concept of efficiency in

27See the appendix for a description of specification, estimation and simulation of the model.
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this context is Pareto efficiency. Our out-of-sample simulations demonstrate that intro-

ducing EDA brings benefits to certain Member States without imposing any significant

costs on the others.
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8 Tables and Figures

rating 31/12/2020 Outstanding debt Proportion
AAA 2,776,336 24.49%
AA 3,649,460 32.20%
A 1,699,107 14.99%
BBB 2,868,706 25.31%
BB 341,023 3.01%
total 11,334,631 100.00%

Table 1: Eurozone Public Debts, source ECB 2021

Assets Liabilities

Perpetual Loans to Member States (LEDA) EDA Bonds (BEDA)

Reserves (REDA) Expected Loss Provisions (ELEDA)

Solvency Capital (SCEDA)

Table 2: EDA - stylized balance sheet
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Figure 4: Simulated Total Debt to GDP ratio
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Figure 5: Simulated Stabilizing Primary Surplus. Solid lines denote the mean sim-
ulated values and dotted lines denote the upper bound of the 95 per cent confidence
intervals.
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Appendix

A.1. Credit Risk Migration Model

To measure the credit-standing migration risk to which each credit risk class is
exposed, we propose a methodology with which to calculate perpetual annuities based
on a theoretical through-the-cycle transition matrix to show the feasibility of the Debt
Agency framework proposed. Given a point-in-time transition matrix TMt at time t, its
generic element aji represents the annual probability that an obligor of the credit risk
class j in year t will pass to a credit risk class i in the following year. The matrix has
dimension n × n and the elements of row j, aj1, ..., ajn must sum to unity, since every
obligor with rating j will certainly be assigned to some credit risk class z ∈ {1, ..., j, ...n}
from year t to t + 1; including the case of being reassigned to the same class j. As a
convention, the rows and the columns of TMt are ordered according to safety class,
from the safest (conventionally labeled AAA) to the default (label D: default state).
Following the standard diagonalization method for square matrices, we assume that the
TMt matrix can be decomposed in a Q matrix and a Lt diagonal matrix so that:

TMt = QLtQ
−1 (6)

The Lt matrix depends on t and shows correlations with the business cycle in its
elements λj(t). In particular we assume that these values depend on the European
output gap according to the following generalized logistic function:

TMt = QΛtQ
−1

λ1(t) = 1

λj,t =
1

1 + θj1exp(θ2(yt − y∗t ))
for j > 1

As the output gap is a stationary process with zero mean, we have that E(λj,t) = λj,
with λj being the element j of the eigenvalues diagonal matrix Λ in the decomposition:

TTC = QΛQ−1

λ1 = 1

λj =
1

1 + θj1
for j > 1

The through-the-cycle transition matrix TTC was estimated averaging publicly avail-
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able data28 of rating grades assigned to sovereign debts by Credit Rating Agencies in
the period 1993-2015. This period has been chosen to include aspects of major in-
stitutional changes (e.g. events such as the introduction of the euro or the Eurozone
sovereign debt crisis). Our estimated TTC matrix is reported in Table 3 Given the

AAA AA A BBB BB B CCC D
AAA 0.9599 0.0401 0 0 0 0 0 0
AA 0.0179 0.9107 0.0643 0.0071 0 0 0 0
A 0 0.0281 0.8989 0.0730 0 0 0 0
BBB 0 0 0.0528 0.8746 0.0561 0.0132 0.0033 0
BB 0 0 0 0.0490 0.8529 0.0784 0.0131 0.0065
B 0 0 0 0 0.0706 0.8853 0.0294 0.0147
CCC 0 0 0 0 0 0.3846 0.4231 0.1923
D 0 0 0 0 0 0 0 1

Table 3: Estimated TTC transition matrix

estimate of TMt, TTC can be computed as E(TMt).
Since the decomposition is unique unless linear transformations, then Q represents

the eigenvectors matrix of the above linear functional and we have E(Λt) = Λ.

Proposition 1 Given the filtered probability space (Ω,Σ,𭟋t,P), the matrix TTC, in-
terpreted as a through-the-cycle matrix29, is the expectation of the stochastic process
{TMt}t≥0 adapted to the natural filtration 𭟋t generated by y.

Proof. Take the expectation of TMt and substitute E(lj) with λj:

TTC = E(TMt)

= E(QLtQ
−1)

= QE(Lt)Q
−1

= QΛQ−1

28Standard & Poor’s Sovereigns Ratings have been downloaded from Bloomberg using a query with
parameters:
- RTG SP LT LC ISSUER CREDIT
- RATING AS OF DATE OVERRIDE
- Sovereign Issuer Ticker.
29The matrix TTC can be estimated by averaging all the TMt element-wise. Being TMt right

stochastic matrices, i.e. real square matrix with each row summing to 1, it is straightforward to show
that TTC is still a right stochastic matrix and it models how each class of credit moves on average
(i.e. in the absence of any specific market cycle) to the other credit classes. As a consequence, its
decomposition has eigenvalues ≤ 1 with max(λj) = 1.
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On the basis of these results θj1 are obtained from λj and θ2 can be estimated ( with
a resulting value of -18.2 ) via a restricted non linear system of the equations linking
λj,t and (yt − y∗t ). We use the OECD Leading Indicator for the Euro Area (available at
monthly frequency)as the proxy for the output gap. Its annual persistence is estimated
at 0.54. We then have

EtTTCt+1 = QEtΛt+1Q
−1

EtTTCt+2 = QEtΛt+2Q
−1

EtTTCt+i ≈ QΛQ−1 for i > 2

The value over time of the eigenvalues in Λt is reported in Figure 6.
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Figure 6: Time varying eigenvalues in the Λt matrix

Following this model, the expected cumulative default probability in the in-
terval [t, t+ τ ] is the linear operator given by:

cdp(t, t+ 1) = QEtΛt+1Q
−1v

cdp(t, t+ 2) = QΛt+2EtΛt+1Q
−1v

cdp(t, t+ τ) = QΛτ−2EtΛt+2EtΛt+1Q
−1v for τ > 2 (7)

where cdp(t) is an n-components stochastic process, the j-th element of which,
cdpj(t), represents the cumulative default probability that an obligor of rating grade
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class j = 1, ..., n will have defaulted by time t, with cdp(0) = 0 and v a null vector
apart its last element equal to 1.

Proposition 2 The process cdp(t) can be seen as a stochastic vector depending from
the process (yt − y∗t ). Since the matrix Lt depends deterministically from y, this guar-
antees that cdp(t) is measurable given the filtration 𭟋t generated by (yt − y∗t ).

30

A.2. Perpetual Annuities and Fundamental Pricing

Given the process cdp(t) in equations (7), the survival probability in the interval
τ ∈ [t, t+ τ ] of an obligor not in default is:

sp(t, t+ τ) = E [1− cdp(t+ τ)] for τ > 1 (8)

where 1 is the unit vector.
The expected present value of a vector of unitary annuity maturing at time t + τ

can be written as:

a(t, t+ τ) =
∑

j=1,...τ

1

(1 + rBt )
j
sp(t, t+ j) (9)

where rBt represents a common appropriate financial discount rate31. Note that the
components of vector a(0, t) are ordered decreasingly, with the highest rating grades
corresponding to higher annuity values since the present value of a unitary annuity is
proportional to the survival probability of the corresponding credit risk class and a null
value for the vector’s last component. Using the expression of sp(t) in eq. (8), we can
rewrite:

a(t, t+ τ) =
1−QEtΛt+1Q

−1v

(1 + rBt )
+

1−QEtΛt+1Q
−1v

(1 + rBt )
2

+
∑

j=3,...τ

1

(1 + rBt )
j

(
1−QΛj−2EtΛt+2EtΛt+1Q

−1v
)

(10)

(11)

By letting α = 1
(1+rBt )

and βj =
λj

(1+r)
, the expected present value of a vector of

unitary annuity maturing at time t can now be written as:

30For a demonstration of this proposition, see the previous version of this work, available at
https://papers.ssrn.com/sol3/papers.cfm?abstract id=3579496. For any further information on the
analytics, please write to massimo.amato@unibocconi.it

31For simplicity’s sake, it has been assumed that the purely financial rate does not exhibit a term
structure. This hypothesis represents a mere simplification for calculation purposes which can easily
be removed.
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a(t, t+ τ) = α
1− αt

1− α
1−QBt+1Q

−1v−QBt+1Bt+2Q
−1v

− Q
(
Bt+1Bt+2B(I +B + ...Bτ−3)

)
Q−1v (12)

where B is a diagonal matrix with generic element βj. Since the terms in Λ are λj ≤ 1,
it follows α, βj ∈ (0, 1). By taking the limit for t → ∞ we obtain the following perpetual
annuity formula:

a(t) = lim
τ→∞

a(t, t+ τ) =
α

1− α
1−Q (Bt+1 +Bt+1Bt+2 +Bt+1Bt+2B

′)Q−1v

B′ = B(I −B)−1 (13)

The vector a(t) in the eq. (13) represents expected present values at t = 0 of an
irredeemable mortgage annuity paid by each obligor according to its rating grade.

In order to consider the possibility to recover part of the credit if an obligor defaults,
we should adjust the value of a(t) accordingly. To this end, eq. (13) should be modified
to take this effect into account. Introducing the loss-given-default (LGD), (1− rr), and
letting rr be the recovery rate32, the vector of expected values of the recovery rate
by credit risk class for a perpetual annuity,r = lim

τ→∞
r(t, t+ τ), can be written as:

r = rr

τ∑
j=1

1

(1 + rBt )
j
(Etcdp(t+ j)− Etcdp(t+ j − 1)) (14)

=
rr

(1 + rBt )
Q
(
ΛtΛt+1(I − Λ−1

t+1)
)
Q−1v

+
rr

(1 + rBt )
2
Q
(
ΛtΛt+1Λt+2(I − Λ−1

t+2)
)
Q−1v

+
rr

(1 + rBt )
3
Q
(
ΛtΛt+1Λt+2(I − Λ−1)B′)Q−1v

B′ = lim
τ→∞

τ∑
j=1

1

(1 + rBt )
j
Λj = B(I −B)−1

Following a unitary-payment perpetual amortizing scheme and allowing for partial re-
covery of funds in case of default, the present value of an expected positive exposure
ãj must always satisfy the equivalence ãj(1 − rj) = aj, where rj < 1 is j-th element

32The LGD parameter should be identified for each Member State in order to take its specific risk
into account. Since our ultimate purpose is to provide an exemplification of a possible DA architecture
based on an irredeemable cost configuration, in our calculations we assume a uniform LGD value for
all MSs.
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of the vector r. Bearing this in mind, the final expectation of a unitary perpetual
annuity value at time t = 0 calculated for each obligor according to its rating grade
j is then:

ãj =
aj

1− rj
(15)

The vector ã(0), whose elements are the values ãj, can be interpreted as a set of
perpetual annuities based on fundamental risk metrics inherent to obligors labelled
with specific credit risk class. In our numerical exercise, we set rr = 0.3 in the baseline
simulation.
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A.2. The Simulation Model

Our simulation model is constructed in three steps: debt reclassification, baseline
stabilization scenario without EDA, alternative simulation scenario with EDA.

A.2.1 Debt Reclassification
The first step of our simulation model is a within sample (2000-2021) simulation that

allows to reclassify public debt into slow-adjusting debt, at the beginning of our out-of-
sample simulation and fast-adjusting debt and Covid-debt was obtained by simulating
the dynamics of fiscal variables of all MS’s from 2001 to 2021.33

Bi,t = Bi,t−1 + ri,tBi,t−1 + (Gi,t − Ti,t) + SFAi,t (1)

Bi,COV,t = Bi,COV,t−1 + ICOV,i,t ∗ I+,i,t (ri,tBi,t−1 + (Gi,t − Ti,t) + SFAi,t)

Bi,REC,t = Bi,REC,t−1 + IREC,i,t ∗ I+,i,t (ri,tBi,t−1 + (Gi,t − Ti,t) + SFAi,t)

Bi,S,t = Bi,COV,t +Bi,REC,t

Bi,F,t = Bi,t −Bi,S,t

di,F,t =
Bi,F,t

Yi,t

, di,S,t =
Bi,S,t

Yi,t

di,COV,t =
Bi,COV,t

Yi,t

, di,t =
Bi,t

Yi,t

where ri,t is the cost of financing and it is equal to
IPi,t

Bi,t−1
, IPi,t represents the interest

payment, Gi,t − Ti,t is the primary deficit, SFAi,t are the stock-flow adjustments, ∆yi,t
is the nominal output rate of growth for the Member State i at time t. Using the OECD
data equation (16) allows to exactly reconstruct the government debt dynamics of each
member state. As the Covid debt is identified by cumulating the positive primary
deficits occurred in COVID years, I+,i,t is an indicator taking a value of 1 in presence of
positive deficit and zero otherwise, ICOV,i,t is an indicator taking a value of 1 during the
years of the Covid pandemic and zero otherwise. Similarly, as the slow-debt is identified
by cumulating the primary deficits occurred in crisis, i.e. when the escape clause was
active, Irec,i,t is an indicator function for recession periods taking a value of 1 in 2008
and 2012, 0.5 in 2009 and 2011 (recession lasted half a year), 0.25 in 2013 (recession
lasted one quarter) and zero otherwise.

A.2.2 The Baseline Scenario In the baseline scenario debt and deficit dynamics
are simulated from 2022 onwards by specifying first the stochastic processes for the
euro area swap rate which is the driver of the ten-year yields and of the average cost of
debt for the different MS’s, together with the GDP growth rate of the different MS’s.
The model is then closed by adding the deterministic reaction functions for the primary
deficits and the stock-flow relationship determining the debt dynamics. Total debt is

33At the beginning of the sample set Bi,REC,t = 0, Bi,S,t = 0
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reclassified in fast and slow adjusting.

∆yi,t = a0,i + a1r
1,swap
t−1 + a2,i(r

10
i,t−1 − r10DE,t−1) + a3,i (ti,t−1 − gi,t−1) + u1,i,t

∆ȳt =
n∑

j=1

wi,t−1∆yi,t, wi,t =
yi,t∑n
i=1 yi,t

r1,swap
t = b0 + b1∆ȳt + b2r

1,swap
t−1 + u2,i,t

r10,swap
t = c0 + c1r

10,swap
t−1 + c2r

1,swap
t + u3,t

ri,t = d1,iri,t−1 + d2,ir
10
i,t + d3,ir

1,swap
t + u4,i,t

r10DE,t = h0,i + h1r
10
DE,t−1 + h2r

1,swap
t + u6,i,t

r10i,t = r10DE,t + k0,i + k1 ∗ bi,t−1 + u5,i,t

(gi,t − ti,t) = −ri,t −∆yi,t
1 + ∆yi,t

bi,t−1 − β
(
bi,F,t−1 − b∗i,F,t−1

)
− γ

(
bi,S,t−1 − b∗i,S,t−1

)
bi,t = bi,t−1 +

ri,t −∆yi,t
1 + ∆yi,t

bi,t−1 + (gi,t − ti,t)

bi,S,t =
1 + ri,t
1 + ∆yi,t

∗ bi,S,t−1 + ϕi,t ∗ (gi,t − ti,t)

bi,F,t = bi,t − bi,S,t

b∗i,F,t = 0.6 ∗ bi,F,t
bi,F,t + bi,S,t

, b∗i,S,t = 0.6 ∗ bi,S,t
bi,F,t + bi,S,t

where ϕi,t is the share of total primary deficit that contributes to slow debt for country
i in period t.

The parameters and the residuals of the stochastic equations are estimated over the
sample 2001-2021. System estimation by SURE is implemented and panel restrictions
on the coefficients are imposed whenever they are not rejected. The estimation results
are reported in Tables 4-7. Stochastic simulation is implemented by bootstrapping the
rows of the matrix containing the estimated residuals for all the stochastic equations.
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Table 4: Estimation Results - OLS

Dependent variable:

r1,swap
t r10,swap

t

(1) (2)

r1,swap
t−1 0.771∗∗∗

(0.118)
∆ȳt 0.212∗∗

(0.065)

r10,swap
t−1 0.433∗∗∗

(0.079)

r1,swap
t 0.592∗∗∗

(0.084)
Constant −0.002 0.005∗∗

(0.003) (0.002)

Sample: 2000-2021
R2 0.747 0.935
Adjusted R2 0.719 0.928
Residual Std. Error (df = 18) 0.009 0.004

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

∆ȳt is the weighted average rate of GDP growth in the six countries with weights defined
as the ratio of country i GDP to the aggregate GDP.

43



Table 5: Estimation Results, SURE

Dependent variable: ∆yi,t

DE ES FR GR IT PT

(1) (2) (3) (4) (5) (6)

r1,swap
t−1 − 0.146 − 0.146 − 0.146 − 0.146 − 0.146 − 0.146

(0.273) (0.273) (0.273) (0.273) (0.273) (0.273)

(r10ES,t−1 − r10DE,t−1) −2.033∗∗∗

(0.435)
(r10FR,t−1 − r10DE,t−1) −3.177∗

( 1.235)
(r10GR,t−1 − r10DE,t−1) −0.785∗∗∗

(0.160)
(r10IT,t−1 − r10DE,t−1) −0.984∗∗∗

(0.261)
(r10PT,t−1 − r10DE,t−1) −0.717∗∗∗

(0.167)
(tDE,t−1 − gDE,t−1) −0.405∗∗

(0.089)
(tES,t−1 − gES,t−1)

(tFR,t−1 − gFR,t−1) −0.405∗∗

(0.089)
(tGR,t−1 − gGR,t−1)

(tIT,t−1 − gIT,t−1) −0.405∗∗

(0.089)
(tPT,t−1 − gPT,t−1)

Constant 0.033∗∗∗ 0.056∗∗∗ 0.032∗∗∗ 0.052∗∗∗ 0.038∗∗∗ 0.044∗∗∗

(0.006) (0.011) (0.008) (0.014) (0.008) (0.010)

Sample: 2000-2021

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table 6: Estimation Results, SURE

Dependent variable:

r10DE,t

r10DE,t−1 0.476∗∗∗

(0.084)

r1,swap
t 0.556∗∗∗

(0.093)
Constant 0.002

(0.002)

Sample: 2000-2021
R2 0.931
Adjusted R2 0.923
Residual Std. Error 0.005 (df = 18)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table 7: Estimation Results, SURE

Dependent variable: (r10i,t − r10DE,t)

ES FR GR IT PT

(1) (2) (3) (4) (5)

bES,t−1 0.01∗

(0.004)
bFR,t−1 0.01∗

(0.004)
bGR,t−1 0.01∗

(0.004)
bIT,t−1 0.01∗

(0.004)
bPT,t−1 0.01∗

(0.004)
Constant 0.004 − 0.005 0.028 ∗ 0.002 0.010

(0.004) (0.003) (0.012) (0.005) (0.007)

Sample:
2000-2021

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table 8: Estimation Results, SURE

Dependent variable: ri,t

DE ES FR GR IT PT

(1) (2) (3) (4) (5) (6)

rDE,t−1 0.88∗∗∗

(0.03)
rES,t−1 0.82∗∗∗

(0.03)
rFR,t−1 0.81∗∗∗

(0.05)
rGR,t−1 0.87∗∗∗

(0.06)
rIT,t−1 0.82∗∗∗

(0.04)
rPT,t−1 0.85∗∗∗

(0.02)

r1,swap
t 0.09 0.04 0.07 0.15 0.06 0.05

(0.04) (0.04) (0.07) (0.07) (0.04) (0.03)
r10DE,t 0.02

(0.06)
r10ES,t 0.14∗∗

(0.04)
r10FR,t 0.13

(0.09)
r10GR,t −0.01

(0.02)
r10IT,t 0.13∗∗

(0.04)
r10PT,t 0.07∗∗∗

(0.02)

Sample: 2000-2021

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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A.2.3 The Alternative Scenario
In this scenario EDA acquires progressively the slow debt and it takes 5 years to

complete this operation. The simulation of a scenario with EDA requires adding to
the stochastic processes for the euro area swap rate, for the average costs of debt and
for the GDP growth rates the processes for the interest rates on EDA bonds, rEDA

t

and on EDA loans, 1
ãij,t

. rEDA
t is simulated as the sum of the nominal swap rate and

a risk-premium that depends on the Solvency Capital of the Agency SCEDA
t . 34 The

interest rate on EDA loans which is computed period by period given rEDA
t and the

empirical credit-risk migration model. The following model is then considered for the
stochastic variables to be simulated by keeping the parameters and the residuals at
their estimated values in the baseline scenario:

∆yi,t = a0,i + a1r
1,swap
t−1 + a2,i(r

10
i,t−1 − r10DE,t−1) + a3,i (ti,t−1 − gi,t−1) + u1,i,t

∆ȳi,t =
n∑

j=1

wi,t−1∆yi,t, rEDA
i,t wi,t =

yi,t∑n
i=1 yi,t

r1,swap
t = b0 + b1∆ȳi,t + b2r

1,swap
t−1 + u2,i,t

r10,swap
t = c0 + c1r

10,swap
t−1 + c2r

1,swap
t + u3,t

rEDA
i,t = f(TTCi, r

10,swap
t )

ri,t = d1,iri,t−1 + d2,ir
10
i,t + d3,ir

1,swap
t + u4,i,t

r10DE,t = h0,i + h1r
10
DE,t−1 + h2r

1,swap
t−1 + u6,i,t

r10i,t = r10DE,t + k0,i + k1bi,t−1 + ϕu5,i,t

In this alternative scenario the volatility of the country risk premium declines as a
consequence of the presence of EDA (ϕ is set to zero in the reported simulations). The
path of MS’s fiscal variables and EDA’s balance sheet are then simulated considering
an initial transition period of five-years in which EDA progressively acquires the slow
debt. In our simulations EDA begins operating at the end 2022, by issuing bonds to
make a loan to member countries to cover a fifth of the existing slow debt, the total
of interest payment on slow debt and the share ϕi,t of the primary deficit that qualifies
for the golden rule. As payments of interest on the loans will begin in the following
period the expected loss provision is zero and the reserves are equal to the initial
endowment. We entertain the possibility that the initial capital conferred to EDA is
the ESM capital, attributed within EDA to member countries according to the ESM
weights (https://www.esm.europa.eu/esm-governance). From the inception of EDA the
fiscal rule is modified to take in account that the government debt is made of a mixture

34In all simulations EDA Solvency Capital is sufficiently high to set rEDA
t equal to the euro area

swap rate.
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of Bonds and Loans with EDA and loans with EDA are treated as slow-debt.

pEDA
i,t = 0

nlEDA
i,t =

1

5
∗ 1

1 + ∆yi,t
∗ bi,S,t−1 +

ri,t
1 + ∆yi,t

bi,S,t−1 + ϕi,t (gi,t − ti,t)

lEDA
i,t = nlEDA

i,t

bEDA
i,t = nlEDA

i,t

elEDA
i,t = 0

ryEDA
i,t = 0

enEDA
i,t =

C0wi

yi,t

SCEDA
i,t = lEDA

i,t + ryEDA
i,t + enEDA

i,t − bEDA
i,t − elEDA

i,t

(gi,t − ti,t) = −ri,t −∆yi,t
1 + ∆yi,t

bi,t−1 −
1

10
∗
(
di,t−1 − d̂i,t−1

)
bi,t = bi,t−1 +

ri,t −∆yi,t
1 + ∆yi,t

bi,t−1 + (1− ϕi,t) (gi,t − ti,t)

bi,S,t =
4

5
∗ 1

1 + ∆yi,t
∗ bi,S,t−1

bi,F,t = bi,t − bi,S,t

di,t = bi,t + lEDA
i,t

b∗i,F,t = 0.6 ∗ bi,F,t
di,t

, b∗i,S,t = 0.6 ∗ bi,S,t
di,t

, lEDA,∗
i,t = 0.6 ∗

lEDA
i,t

di,t

d̂i,t = di,t − 10 ∗ β
(
bi,F,t − b∗i,F,t

)
− 10 ∗ γ

(
bi,S,t − b∗i,S,t

)
− 10 ∗ γ

(
lEDA
i,t − lEDA,∗

i,t

)
where all variables are expressed as a ratio to country i GDP in period t. pEDA

i,t are
payments made by country i to EDA for their loans with EDA, nlEDA

i,t is the new lending
made by EDA to country i to EDA, lEDA

i,t are loans to country i from EDA, bEDA
i,t are

bonds issued by EDA attributable to country i, elEDA
i,t is the expected loss provision

attributable to country i within EDA, ryEDA
i,t are reserves within EDA attributable to

country i, SCEDA
i,t is the Solvency Capital attributable to country i within EDA. After

its establishment EDA continues to absorb pre-EDA slow debt until all past and new
slow debt is financed through EDA loans. In the transition period (2022 < t < 2027),
MSs start to pay deferred instalments to EDA. The EDA bonds increase because of
interest rate payments and because of new lending. The Agency accumulates reserves35

and also expected loss provisions (elEDA
i,t ), which are computed as the difference between

35Reserves are remunerated at a rate equal to rECB
t , that in this case, for conservative reasons, is

set to be equal to the growth rate of each country ∆yi,t
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the sum of loan-debt and reserves and the bond-debt issued by the EDA. The initial
endowment to GDP ratio (enEDA

i,t ) is kept constant. Therefore we have:

m = 4

for (t in t0 + 1 : t0+4){

pEDA
i,t =

bEDA
i,t−1 − ryEDA

i,t−1

ãij,t(1 + ∆yi,t)

nlEDA
i,t =

1

m
∗ 1

1 + ∆yi,t
∗ bi,S,t−1 +

ri,t
1 + ∆yi,t

bi,S,t−1 + ϕi,t (gi,t − ti,t) + pEDA
i,t

lEDA
i,t =

1

1 + ∆yi,t
lEDA
i,t−1 + nlEDA

i,t

bEDA
i,t =

1 + rEDA
t

1 + ∆yi,t
bEDA
i,t−1 + nlEDA

i,t

ryEDA
i,t =

1 + rECB
t

1 + ∆yi,t
ryEDA

i,t−1 + pEDA
i,t

elEDA
i,t = lEDA

i,t + ryEDA
i,t − bEDA

i,t

enEDA
i,t = enEDA

i,t−1

SCEDA
i,t = lEDA

i,t + ryEDA
i,t + enEDA

i,t − bEDA
i,t − elEDA

i,t

(gi,t − ti,t) = −pEDA
i,t − ri,t −∆yi,t

1 + ∆yi,t
bi,t−1 +

∆yi,t
1 + ∆yi,t

lEDA
i,t−1 − 1

10
∗
(
di,t−1 − d̂i,t−1

)
bi,t = bi,t−1 +

ri,t −∆yi,t
1 + ∆yi,t

bi,t−1 + (1− ϕi,t) (gi,t − ti,t)−
1
m
+ ri,t

1 + ∆yi,t
∗ bi,S,t−1

bi,S,t =
m− 1

m
∗ 1

1 + ∆yi,t
∗ bi,S,t−1

bi,F,t = bi,t − bi,S,t

di,t = bi,t + lEDA
i,t

b∗i,F,t = 0.6 ∗ bi,F,t
di,t

, b∗i,S,t = 0.6 ∗ bi,S,t
di,t

, lEDA,∗
i,t = 0.6 ∗

lEDA
i,t

di,t

d̂i,t = di,t − 10 ∗ β
(
bi,F,t − b∗i,F,t

)
− 10 ∗ γ

(
bi,S,t − b∗i,S,t

)
− 10 ∗ γ

(
lEDA
i,t − lEDA,∗

i,t

)
m = m− 1 }

After the transition is completed there are only the types of debt: government bonds,
that finance exclusively fast debt, and EDA loans, that finance exclusively slow-debt.
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From 2028 onward we have:

pEDA
i,t =

bEDA
i,t−1 − ryEDA

i,t−1

ãij,t(1 + ∆yi,t)

nlEDA
i,t = ϕi,t (gi,t − ti,t) + pEDA

i,t

lEDA
i,t =

1

1 + ∆yi,t
lEDA
i,t−1 + nlEDA

i,t

bEDA
i,t =

1 + rEDA
t

1 + ∆yi,t
bEDA
i,t−1 + nlEDA

i,t

ryEDA
i,t =

1 + rECB
t

1 + ∆yi,t
ryEDA

i,t−1 + pEDA
i,t

elEDA
i,t = lEDA

i,t + ryEDA
i,t − bEDA

i,t

enEDA
i,t = enEDA

i,t−1

SCEDA
i,t = lEDA

i,t + ryEDA
i,t + enEDA

i,t − bEDA
i,t − elEDA

i,t

(gi,t − ti,t) = −pEDA
i,t − ri,t −∆yi,t

1 + ∆yi,t
bi,t−1 +

∆yi,t
1 + ∆yi,t

lEDA
i,t−1 − 1

10
∗
(
di,t−1 − d̂i,t−1

)
bi,t = bi,t−1 +

ri,t −∆yi,t
1 + ∆yi,t

bi,t−1 + (1− ϕi,t) (gi,t − ti,t)

di,t = bi,t + lEDA
i,t

b∗i,t = 0.6 ∗ bi,t
di,t

, lEDA,∗
i,t = 0.6 ∗

lEDA
i,t

di,t

d̂i,t = di,t − 10 ∗ β
(
bi,t − b∗i,t

)
− 10 ∗ γ

(
lEDA
i,t − lEDA,∗

i,t

)
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