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Abstract

This master thesis discusses the implication of the joint issuance of public debt in the Eu-
rozone in the form of eurobonds on the financial stability of the European Monetary Union
(EMU). More precisely, this thesis relies on the important literature on the existence of desta-
bilizing dynamics in the EMU financial system, notably at play during the European sovereign
debt crisis, creating a negative feedback loop between a sovereign and its domestic public sec-
tor, often referred as sovereign-bank nexus or diabolic loop. The mechanisms go as follows:
an increase in the sovereign risk translates into a devaluation of the public debt held by pri-
vate banks, increasing their leverage and pushing them to reduce their provision of credit to
the economy, further weakening government finances. We try to introduce these dynamics
in a theoretical stock-flow consistent model of the EMU featuring two countries: a northern,
Germany-like country, and a southern Greece-like one, with distinct dynamics of credit ra-
tioning by banks as a consequence of variations in the sovereign risk of the southern country.
Our results, although only a preliminary step towards a fully satisfying and more sophisticated
version of the model, display some of these dynamics, and suggest that the issuance of eu-
robonds has a positive effect on financial stability, and reduces the credit rationing of banks.
The inquiry presented here has reinforced our opinion that significant work remains and de-

serves to be done on this matter, to which we hope this development can be of some use.
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1 Introduction

The mutualization of part or all of the Eurozone members sovereign debt and the consequence is-
suance of “eurobonds”, made or derived of it, has been discussed as the next important new feature
of the European Union architecture. It has often been presented as a missing piece in the faulty
or incomplete design of the Eurozone, and its absence, as well as the absence of other stabilizing
mechanisms, such as intra-zone transfers, as responsible for the vulnerability of the Eurozone as
a whole, and of its peripheral members, in particular (see, for example, De Grauwe, 2012). The
vulnerability of the Eurozone has been made particularly clear by the so-called European sovereign
debt crisis, which saw the integrity and the very existence of the European Monetary Union chal-
lenged by the difficulties experienced by its peripheral members, mostly, among which Greece,
Ireland, Italy, Portugal and Spain, forming the acronym GIIPS, and which was characterized by
the worsening conditions of the European financial and banking sectors, in the aftermath of the

Subprime crisis.

In that regard, the main question that this master thesis offers to discuss regards the impact of a
eurobonds issuance in the Eurozone on the destabilizing dynamics existing and persisting in its
financial system, and in particular the instabilities caused by the so-called sovereign-bank nexus,

or diabolic loop, and their damaging effect on Europeans economies.

The sovereign bank-nexus describes the intertwining of the health a government’s public finances
and the health its domestic banking sector, which was particularly noticeable during the European
sovereign debt crisis, during which banks and sovereigns ended up “joined at the hip” (Mody and
Sandri, 2012). More precisely, the European sovereign debt crisis saw banking sectors prospects
further decline after the Subprime crisis as expectations regarding sovereign default risks seemed
to increase in the Eurozone’s periphery. The mechanisms at play behind this common fate involves
the existence of a negative feedback loop between sovereign risk and the state of the banking sector,
often referred to as “doom loop” or “diabolic loop” in the literature (see, for example, Brunnermeier

et al., 2016; Farhi and Tirole, 2018). This diabolic loop can be divided in different channels (see



Dell’ Ariccia et al., 2018), but its core principle revolves around the domestic sovereign exposure of
the banking sector and the negative feedback loop caused by an increase in the sovereign risk and
by the consequent reduction of credit supply by banks, as a reaction to the devaluation of the public
bonds present in their balance sheet. Eurobonds have been mentioned as a device to break the loop,
effectively replacing, in the balance sheet of domestic banks, sovereign bonds subject to changes in
value as the sovereign risk is reassessed. These dynamics are still at play in the current architecture
of the Eurozone, and, if the European sovereign debt crisis seems to have reached its end, the very
recent crisis linked to the Coronavirus pandemic shows a return of increasing sovereign yields and

high debt to GDP ratios.

An important literature provides quantitative evidence of the existence of such a relation and of its
detrimental impact on the supply of credit money by banks, especially in the case of the European
sovereign debt crisis (Battistini et al., 2014; Becker and Ivashina, 2018; Fontana and Langedijk,
2019; Mody and Sandri, 2012, for a non-exhaustive selection). The question of the implementation
of Eurobonds is also the subject of an extensive literature, with eurobonds proposals varying in
their degree of solidarity between participants, in their institutional features and in their objectives.
Indeed, if Brunnermeier et al. (2011) focus on the role of newly issued eurobonds as euro-wide safe
assets, with no guarantee whatsoever between participating countries, Delpla and Von Weizsidcker
(2010) propose an issuance scheme with joint liability of participants, as does De Grauwe and
Moesen (2009) and Palley (2011), who proposes the use of the funds to finance the bailouts of
troubled governments. However, few papers discuss the potential impact of a eurobonds issuance in
a complete model, especially in heterodox and post-Keynesian literature. An important step in this
regard is the recent model by Duwicquet et al. (2018), who offer a two-country stock-flow coherent
(SFC) model of the EMU and discuss, among other things, the impact of the implementation of a
eurobonds scheme. Nevertheless, this model does not focus on the financial dynamics involved in

the diabolic loop, and offer no clear and distinct mechanism of credit rationing by banks.

We hence propose a 4-sectors, two-country model of the EMU with credit rationing resulting from

movements in the prices of public bonds, thus displaying some of the diabolic loop’s features.



Although incomplete, our model helps to analyse and explain the dynamics at play between the
banking sector and the government sector, their impact on the rest of the economy, the role of intra-
zone financing and the effect of the issuance of eurobonds as a stabilizing mechanism. Our results
show that, in such a model of the EMU, the negative effects on the supply of credit by banks and
on economic activity of a negative shock on the sovereign risk of the southern country (country S)
can be suppressed by the issuance of eurobonds. Indeed, the presence of eurobonds in the balance
sheets of banks reduces the domestic sovereign exposure of the banking sector and thus decreases
the impact of variations in the interest rate on Treasury bills on the banking sector leverage ratio,

thus reducing credit rationing.

Our master thesis is structured as follows. The next section offers a literature review of the dis-
cussions around the European sovereign debt crisis and the existence of a sovereign-bank nexus in
the Eurozone. The structure of the model presented in this paper is displayed in Section 3. Section
4 presents the scenarios used for the simulations, the results of which are discussed in section 5.
Finally, section 6 offers a discussion of the shortcomings of the model presented here, as well as

directions of future improvements. The seventh, and last, section is reserved for the conclusion.



2 Literature review: the European sovereign debt crisis and the

sovereign-bank nexus

2.1 Financial instability in the Eurozone: the diabolic loop

The model developed in this paper is very much linked with the important existing literature dis-
cussing the European sovereign debt crisis of 2010-2011. The crisis, following by a few years the
Global Financial Crisis of 2008-2009, has as its main characteristic an increase in the interest rates
paid on their debt by the government of the countries deemed the most fragile of the Eurozone,
namely Greece, Ireland, Italy, Portugal and Spain, often referred to as the GIIPS, compared to the
interest rates paid by the safest countries, and in particular by Germany. This widening of the
spread between sovereign interest rates was accompanied by a contraction of economic activity in
the GIIPS, especially, and the rest Eurozone, with credit rationing by banks being seen as one of its
main features. Consequently, and backed by an already substantial literature, an important stream
of studies has focused on the link between movements in the interest rates on public debt, and vari-
ations in the supply of financing by banks in European countries, during the European sovereign
debt crisis. More precisely, a number of papers have revealed the existence of reinforcing feed-
back effects between distress in the banking sector and higher risks of default associated with the
sovereign debt of European countries, named the ‘diabolic loop’. If the European sovereign debt
crisis has shown further light on the economic fragility of the Eurozone, and in particular of its
financial system, propositions have been put forward to release market pressures on the sovereign
debt of the countries of the Eurozone by mutualising public debt issuance in Eurobonds, which
would fulfill the currently empty role of being a euro-wide safe financial asset, and would help as

such in breaking the diabolic loop.



Figure 1: Debt to GDP ratio, Germany, France and the GIIPS, annually, 2000-2019
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Source: Author’s own elaboration, Ameco database, European Commission, accessed 25/05/2020.

2.1.1 The European sovereign debt crisis: the events

The European sovereign debt crisis refers to the period of economic turmoil which saw the very
integrity of the Eurozone questioned as some of its members were shut out of financial markets.
Countries of the European Union periphery experienced the effects of the financial crisis, with de-
clining domestic and global demand, substantial credit crunch and capital flight due to important
distress in the banking sector, while their previously considered safe public debt levels were be-
ginning to be questioned by financial markets. As a consequence, a few months after the events of
the GFC, European countries were the subjects of a second crisis with rising interest rates on some

countries public debt, weakened banking sectors and the need for the bailout of a few of them.

Lane (2012) gives an early account of the crisis and the events leading to it. His story goes as
follows: after the GFC of 2008-2009 put a stop to a credit boom which lasted form 2003-2007,
and during which private and public debt rose jointly in most of peripheral European countries,
such as Spain or Italy, question regarding the sustainability of their public debts launched a wave

of negative risk reassessment on European public debts (Lane 2012).
In particular, low long-term interest rates internationally, consequences of the securitization boom
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and the decline of financial risks, created an accumulation of debt by households, the most promi-
nent face of it being the subprime loans in the US (Lane 2012). As the GFC developed, the
shortage of liquidity in international banking sectors considerably reduced cross-border financial
flows, which impacted more peripheral European countries more reliant on external financing (Lane
2012). Banking sectors heavily dependent on foreign short-term funding, such as the Irish bank-
ing sector, were hit the hardest and ultimately required government bailouts. Despite low growth
prospects and rising expectations of substantial government intervention, the European sovereign
debt market remained relatively stable until late 2009, were yields started to increasingly diverge
between countries deemed safe and those deemed unsafe, as visible in Figure 2. This was not
only the consequence of rising debt to GDP ratios, as displayed in Figure 1., but also of declining
banking sector health which pushed sovereign default expectations upwards. In particular, the an-
nouncement in late autumn 2009 of the revision of the Greek budget deficit forecast sent the interest
on its debt skyrocketing (Figure 2.). Expectations on the sovereign defaults of the remaining of the
GIIPS countries also started to rise from 2010 on.

Figure 2: Interest rates on 10-year government bonds, France, Germany, Greece, Italy, Spain,
monthly, 2000-2020.
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Note: The two vertical line correspond to the date of the Bear Stearns bail-out and the Anglo Irish
Bank bail-out.



Focusing on the impact of bailouts expectation, Mody and Sandri (2012) offer a complementary
narrative of the European sovereign debt crisis events. Indeed, they see as the main cause behind
the increase in European sovereign yields the increased probability of the bailouts of bank by
sovereigns, with, as a starting point, the bailout of Bear Stearns in March 2008 (Mody and Sandri
2012). Since then, the continuing worsening condition of the banking sector drove sovereign rates
upwards, and this became even more pregnant with the nationalization of the Irish bank Anglo Irish:
“After Anglo Irish, the crisis evolved into its full-blown phase characterized by highly intertwined
financial and sovereign shocks, and this relationship was further strengthened after the Greece
bailout” (Mody and Sandri 2012, 203). According to Mody and Sandri (2012), if, after the Bear
Stearns bailout, markets started to expect public authorities to intervene and bailout the banking
sector, expectations further confirmed for European countries by the Anglo Irish bailout, leading,
after it, indicators of the health of the banking sector and of the sustainability of public deficits to

move closely along.

2.1.2 Built-in European instability

Concerns had been raised previously concerning the underlying vulnerabilities of the European
Monetary Unions, and the inherent fragility of the Eurozone were reassess in light of the Euro-
pean Sovereign Debt crisis (Lane 2012; De Grauwe 2012; 2013). De Grauwe (2013) argues that
the EMU exacerbates, instead of taming, the destabilizing dynamics of capitalism and its ‘boom-
bust’ cycles. The accumulation of risk and debt as a normal feature of capitalist economies, with
especially the endogenous build-up of financial instabilities, as theorised notably by Minsky and
Kindleberger (Aliber and Kindleberger, 2015; Minsky, H. P., 1986), requires the existence of in-
stitutional ‘buffers’, such as a lender of last resort central bank and automatic stabilizers in the
government expenditures’ determination (De Grauwe 2013). As De Grauwe (2013) explains, with
economic policies staying largely in the hands of national governments, booms and bust cycles
remain a national phenomenon, exacerbated by the monetary union, not allowing interest rates to

move nationally to stabilize business cycles, especially in the Southern countries of the Eurozone,



which accumulated, as a consequence, large current account deficits. Also, with the ECB not acting
as a true lender of last resort, governments were not able to guarantee payments of their issued debt
via a their national central banks, and experienced violent capital outflows and flights to safety out
of their sovereign debt, putting them at risk of default (De Grauwe 2013). With financial markets
risk assessment pushing interest rates of peripheral European countries to punitive levels, govern-
ments were constrained to implement austerity measures, further compressing domestic demand
and worsening the economic crisis, trapping southern European countries in a bad equilibrium of
high interest rates, high debt to GDP ratios and economic recession, while central European coun-
tries, with public debt deemed safe, enjoy low interest rates and more fiscal room, thus creating a
multiple equilibria monetary union (De Grauwe, 2013, 2012, 2011; Lane, 2012). If the ECB could
and did try to act as the lender of last resort and guarantee liquidity in exchange for European coun-
tries public debt, especially in a time of crisis, it did so, at first, in the “worst possible way” (De
Grauwe 2013, 16) by announcing the limitation in time and size of its debt repurchasing programs,
before partially releasing some if these restrictions, and remains only ambiguously committed to
this role and the survival of the Eurozone (De Grauwe 2013). De Grauwe (2011; 2012) thus assim-
ilates the situation of peripheral European sovereign with regards to financial markets to the one of

developing countries.

In particular, De Grauwe (2012; 2013) point out the fact that when peripheral European countries
are forced in higher debt to GDP ratios in their fight against the recession, and are then constrained
into pursuing austerity policies to reduce financial markets attacks on their debt, there is no mone-
tary union level mechanism to encourage central European countries with lower public debt levels
to pursue expansionist fiscal policies and boost demand. Instead, quite the opposite happened with
central European country focusing on achieving a balanced government budget, compressing Euro-
pean demand even more (De Grauwe 2013). Responsibility for the European sovereign debt crisis
can thus be imputed to both the original architecture of the EU at the time of the crisis and to the

inappropriate response of the EU institutions and economic leadership, or, as Lane (2012) puts it:

“In conclusion, the origin and propagation of the European sovereign debt crisis



can be attributed to the flawed original design of the euro. In particular, there was an
incomplete understanding of the fragility of a monetary union under crisis conditions,
especially in the absence of banking union and other European-level buffer mecha-
nisms. Moreover, the inherent messiness involved in proposing and implementing in-
cremental multicountry crisis management responses on the fly has been an important
destabilizing factor throughout the crisis.” (Lane 2012, 65).

2.1.3 Sovereign exposure and credit rationing in the Eurozone

If the pressure on the public debt of some European countries in the European sovereign debt
crisis was fuelled by higher public debt levels aggravated by national automatic stabilizers and
expectations of a bailing out of the banking sector, movements of the interest rates on public debt
also had an effect on the banking sector. Indeed, a large literature identifies and discusses the two-
way link between the health of the banking sector and perceived default risks of their domestic
sovereign debt (Altavilla, Pagano, and Simonelli 2017; De Marco 2019; Popov and Van Horen
2015; Gennaioli, Martin, and Rossi 2014; Mody and Sandri 2012; Acharya, Drechsler, and Schnabl
2014; Reinhart and Rogoff 2011). The existence of a negative effect of a deterioration of the
perspective of default of a sovereign on its debt for the banking sector and banks’ activities is, for
a large part, based on evidences of a negative impact of a devaluation of a bank’s balance sheet on
its supply of credit money (Adrian and Shin 2014; 2010; Huizinga and Laeven 2019; Popov and
Udell 2012; Chava and Purnanandam 2011; Popov and Van Horen 2015).

Figure 3: Increased leverage due to fall in asset value.
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Source: Adrian and Shin (2014, figure 1)

In particular, Adrian and Shin (2010) show that, when balance sheets are continuously marked to
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market (MTM), a decline in the value of the assets present in the balance sheets will cause agents’
net worth to decline, and thus their leverage ratio, the ratio of their equity capital to total debt, to
increase, as illustrated in Figure 4. As it is in the nature of banks and other financial intermediaries
to be highly leveraged firms (Fullwiler 2013), these agents are very sensible to fluctuations in
assets prices and their leverage ratio tends to vary in the same direction as the prices of the assets

composing their balance sheets (Adrian and Shin 2010).

What’s more, because financial agents adjust their leverage ratio actively along the business cycle,
rendering their leverage ratio procyclical, that is, high during booms and low in slowdowns, neg-
ative shocks affecting the assets of their balance sheets will drive them to reduce the size of their
balance sheet to protect their leverage ratio and, by that, their credit rating, and thus their lending
activities (Adrian and Shin 2010; 2014). As Adrian and Shin show that commercial banks seem
to target a fixed leverage ratio, any movement in the prices of the assets present in their balance
sheet will result in a similar movement in the size of their balance sheet. In a macroeconomic
downturn affecting most of financial agents, this reaction to assets’ prices decline generates a defla-
tionary loop of falling assets’ prices and shrinking balance sheets in the financial sector, as shown

in Figure 5 (Adrian and Shin 2010; 2014).

Figure 4: Leverage adjustment loop after a fall in assets’ prices.
Adjust leverage

Weaker
balance sheets Reduce
B/S size

Asset price decline
Source: Adrian and Shin (2010, figure 6)

As adjustments of the balance sheets’ sizes are even stronger due to the procyclicality of leverage,
this creates the “possibility of feedbacks ... the adjustment of leverage and price changes will

reinforce each other in an amplification of the financial cycle ... there is the potential for a feedback
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effect in which stronger balance sheets feed greater demand for the asset, which in turn raises the
asset’s price and lead to stronger balance sheets” (2010, 423), or, in this case, weaker balance sheets
feed lower demand for the asset, reducing its price and further weakening the agent’s balance sheet
(Adrian and Shin 2010). Similarly, Huizinga and Laeven (2019) find that loan loss provisions of
banks show a procyclical behaviour, with provisions being lower in good times and higher at the
lows of the business cycle, creating a procyclical credit supply. In the particular context of the

Eurozone:

“Provisioning procyclicality is particularly problematic in a monetary union where
a single monetary policy is ill equipped to absorb shocks transmitted through finan-
cial linkages and divergent domestic economic and financial cycles, and the burden
of adjustment falls primarily on fiscal and (macro)prudential policies” (Huizinga and
Laeven 2019, 5).

Popov and Udell (2012) and Chava and Purnanandam (2011) find that shocks on the balance sheets
of banks affect their supply of credit, and in particular for medium and small enterprises, with
domestic and foreign negative financial shocks affecting banks’ lending. Popov and Van Horen
(2015) further discuss the impact of sovereign stress on banks lending via their sovereign exposure
in the context of the European sovereign debt crisis. They find that over-exposed European banks
reduced their supply of credit as a consequence of an increased risk of default of their sovereign
due to, on the one hand, the direct weakening impact of falling government bonds prices if they
are MTM in their balance sheet, or, on the other hand, the heightened difficulty to secure short
term liquidity via the use of these public bonds as collateral, even if they are not MTM (Popov
and Van Horen 2015). This effect of a negative shock on the prices of government bonds on
the domestic banking sector lending activities is even stronger in the Eurozone, as banks seem to
present an important home bias, and so for a number of reasons, often divided between hypotheses
of a ‘carry trade’ behaviour by banks and a ‘moral suasion’ by their sovereign (Battistini, Pagano,

and Simonelli 2014; Acharya and Steffen 2015).

During the European sovereign debt crisis, this home bias was increased, even, and maybe more

surprisingly, for countries for which the risk of sovereign default was the greatest. Acharya and
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Steffen (2015) find that not only did banks chose to hold more government bonds from the EU’s
peripheral countries as the spread widened, between Marc and December 2010, but they did partly
by selling French and German bonds, some of the safest at the time in the EMU. They find three
reasons for this: badly capitalized banks looking for high-return low-risk assets were driven towards
high interest rates government bonds to meet their capital requirements at a time when these bonds
were still given a zero risk weight in the regulations; a home bias of banks motivated by a bet
on the sustainability of their own sovereign, as its default would put their own survivability at risk
anyway; and suasion by their domestic government to purchase more of its bonds in order to support
demand and keep yields low (Acharya and Steffen 2015). Battistini, Pagano and Simonelli (2014)
find that, since the GFC, and during the European sovereign debt crisis, banks home bias towards
their domestic sovereign debt and the Credit Default Swap (CDS) premia on this debt, indicative
of its risk of default, have moved accordingly, with banks increasing their sovereign exposure
when the risk of default appears to be higher. By decomposing sovereign risk into its country-
specific component and a systemic risk component regarding the stability of the whole union, they
find that not only peripheral countries’ banks tend to increase their sovereign exposure when the
country-specific risk of their sovereign increases, but also that banking sectors in both central and
peripheral countries increase sovereign exposure ‘turn back home’ in response to an increase in the
EMU-wide risk (Battistini, Pagano, and Simonelli 2014). In the case of the European sovereign
crisis, both government intervention, under the hypothesis of a ‘moral suasion’, and banks strategic
decisions, under the hypothesis of a ‘carry trade’, seemed to have played a role in increasing the

home bias of European banks in their holding of sovereign debt.

The link between sovereign debt and banking sector lending activities created a vicious loop as
worsening conditions in financial markets saw sovereign default risks increase, which further dam-
aged the situation of banks. Weakened banks further ration credit, slowing down even more eco-
nomic activity and reducing income of the government, aggravating the prospects for its finances.
This dynamics of a co-degradation of public finances and the banking sector is referred to in the

literature as the doom loop or diabolic loop.
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2.1.4 Dynamics of the diabolic loop

On these bases, a substantial literature has developed regarding the possible feedback loops between
sovereign stress and credit rationing by banks in the Eurozone. This literature calls these dynamics

the “diabolic loop”, and its mechanism is can be described as follows:

“First, the increase in bank leverage raises the probability that the home sovereign
will bail-out the bank’s bondholders ... Second, in response to their increase in lever-
age, banks shed assets in an attempt to return to their target leverage ratio ... This
includes cuts in loans to firms and households; the attendant credit crunch reduces eco-
nomic activity ... These two channels—through government bail-outs and the real
economy— respectively increase the public debt stock and reduce tax revenue, exac-
erbating the initial rise in sovereign risk and completing the diabolic loop.” (Brunner-
meier et al. 2017, 180)

Dell’ Ariccia et al. (2018) offer a rather comprehensive discussion of the sovereign-bank nexus and
its transmission channels, identifying three: a “sovereign exposure channel”, a “safety net channel”,
and a “macroeconomic channel” (Dell’ Ariccia et al. 2018, 5). For different reasons explored above,
banks, and in particular European banks, display a large exposure to their domestic sovereign debt,
making them very sensitive to shocks in the domestic sovereign risk, with substantial consequences
for their provision of credit to the economy and to their sovereign. The safety net channel concerns
the role of lender or investor of last resort that central banks and, in particular in the Eurozone,
governments play with regard to the banking sector. This channel works both ways: an increase in
the sovereign risk reduces the government’s capacity to bailout fragilized banks and thus worsens
the prospects for the financial sector, while a decline in the health of the financial sector implies a
potential or actual bailout by public authorities and thus important additional public expenditures,
aggravating the expectations regarding sovereign default. Finally, the macroeconomic channel re-
lates to the negative impact on economic activity of the decline in the banking sector’s health and
of the increase in the sovereign risk, which imply lower supply of financing to the private sector
because of credit rationing by banks, and lower support to the economy by the state, as austerity

policies are undertaken to secure public finances (Dell’ Ariccia et al. 2018). Figure 5 displays a
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summary of these dynamics, and thus of the diabolic loop between sovereign risk and banking

sector.
Figure 5: The diabolic loop
N value of public bonds
Sovereign exposure channel X
| Banking sector
J, Sovereign Deposits
........... debt\
/M sovereign risk < Credit { Equity
supply 4 capital
4 N taxincome
+
A public spending
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Safety net channel Macroeconomicchannel

/1 bailout probability

Source: Author’s own elaboration from Brunnermeier et al. (2017, figure 1)

2.1.5 European policies of financial instability

Discussing political action regarding sovereign debt in the Eurozone wouldn’t be possible without
presenting the institutional changes consequential to the European sovereign debt crisis. The flawed
architecture of the Eurozone and its vulnerability to crises was highlighted during the European
sovereign debt crisis, and, as a response, some institutional features were added to the design of the
EMU. In particular, between 2010 and 2012, the members of the EU agreed on the creation of a
series of stability funds (like the European Financial Stability Facility and the European Financial
Stabilization Mechanism) aimed mainly at ensuring emergency funding to states or financial actors
of the Eurozone during the crisis, some of them later made permanent (like the European Stability

Mechanism).

14



The joint IMF-EU bailouts of mainly Greece, Ireland and Portugal, who found themselves unable
of borrowing on financial markets, sparked the creation of two institutions: the European Finan-
cial Stability Facility (EFSF), capable of issuing debt up to €440 billion backed by the German
Finance Agency to provide financing to members of the EMU, and the European Financial Sta-
bilization Mechanism (EFSM), issuing debt guaranteed by the European Commission up to €60
billion. The three years funding granted to Greece, Ireland and Portugal were conditioned on the
implementation of structural reforms and austerity policies. This, among other things, posed sev-
eral problems threatening the success of the funding programs, as explained by Lane (2012). The
programs were too short, spreading only over three years while the adjustment needed for the ben-
eficiaries to be able to sustainably fund themselves on financial markets would take much longer,
the austerity measures planned in the program was likely to threaten their banking sectors by rising
the private sector’s risk of default, the fiscal targets contained in the program were not conditional
on the Eurozone economic performances, making them impossible to obtain in the case of a euro-
wide economic slowdown, the penalty premium on the IMF part of the loans made it harder for
these countries to repay them, and, finally, the program relied on the government to bailout the
domestic banking sector, increasing the sovereign-bank nexus (Lane 2012). And, for Lane (2012)
to conclude: “it may be fair to characterize Europe’s efforts to address its sovereign debt problem

as makeshift and chaotic, at least through the middle of 2012 (Lane 2012, 60).

The EFSF and the EFSM were later merged into a single institution, the European Stability Mech-
anism (ESM), which now serves as the permanent provisioner of financing to distress Eurozone
countries, although the EFSF is still in existence but doesn’t grant any additional loan. The ESM
can loan up to €500 billion, it finances itself on financial markets guaranteed by its capital of up to
€700 billion made of the contributions of the countries of the EMU. The access to the ESM fund-
ing program is, as for the EFSF, conditional on the undertaking of policy measures negotiated in a
‘Memorandum of Understanding’ (MoU) between the beneficiary and the European Commission,
and aimed at ensuring that the beneficiary regains lasting access to financial markets. Hence, the

ESM funding program does not escape the critic made by Lane (2012), and, as De Grauwe (2013)
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argues, steams from a misunderstanding of the causes of the European sovereign debt crisis, which
are not to be found in having allowed excessively large public deficits but rather the accumulation
of private debt, the explosion of which in the GFC forced sovereign to increase let their debt to

GDP ratio grow (De Grauwe 2013).

2.2 Breaking the diabolic loop: Eurobonds as an European safe asset

During and in the aftermath of the European sovereign debt crisis, a number of eurobonds propo-
sitions have been put forward, with varying degrees of solidarity between participating countries,
different institutional setup and different objectives. Indeed, while some propositions do not feature
any sort of solidarity mechanism, or joint liability, between participants (Brunnermeier et al., 2011;
Junker and Tremonti, 2010; Ubide, 2015), other eurobonds scheme include the joint guarantee of
part, or the entirety of the debt issued as eurobonds (De Grauwe and Moesen 2009; Delpla and
Von Weizsicker, 2010; Palley, 2011). Also, if some eurobonds proposals require the introduction
of dedicated and new institutional features in the current design of the Eurozone, or the revision
of the European treaties (see, for example, Palley, 2011), an important number of them hope to be
able to rely on the existing architecture of the EU for the issuance of eurobonds (Brunnermeier et
al. 2011; Ubide 2015). Lastly, while some eurobonds propositions rely on eurobonds to ease up
market pressures on some European countries public debt, allowing them more fiscal space and
capacities to deal with the problems they might be facing, or to bail them out, in times of crisis
(De Grauwe and Moesen, 2009; De Palley 2011), other see eurobonds as a missing institutional
feature in the normal architecture of the Eurozone (Brunnermeier et al. 2011; Ehnts 2016; Ehnts

and Hofgen, 2019).

Among the latter, a substantial amount of papers focus on the role eurobonds would play as a euro-
wide ’safe asset’ in the Eurozone’s financial and banking system (Brunnermeier et al. 2011, 2016,
2017; ESRB 2018). Brunnermeier et al. (2011, 2016, 2017) proposition, proposes the issuance of

European Safe Bonds (ESBies), or Sovereign Bond-Backed Securities (SBBS) (see, ESRB 2018),
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notably as a mean to fight the destabilizing dynamics persisting in the Eurozone’s financial system,
as described in the diabolic loop. The idea behind the ESBies proposal is to have a institution,
sometimes referred to as the ’European Debt Agency’ (Brunnermeier et al. 2011), buy sovereign
bonds from the governments of the Eurozone at some fixed weight (such as the share of their
GDP in the Eurozone’s GDP), and to use these bonds as collateral to issue two types of securities:
the safer and senior ESBies and a riskier junior one (see. Financial actors would then buy these
securities according to their desired level of risk and return for their investment, as displayed in
Figure 6. ESBies would be issued up to 60 percent of the Eurozone’s GDP, and their safeness
would be based on the pooling of assets with different risks and the ’tranching’ of the securities,
along with the capital guarantee of the senior tranches (from an initial capital contribution of the
member states), making the ESBies “considerably safer than German bonds” (Brunnermeier et al.,
2011, 11). The ESBies thus issued would progressively replace domestic sovereign bonds in the
balance sheets of financial actors, especially banks, reducing their domestic sovereign exposure
and thus weakening the mechanisms at play in the diabolic loop. This mechanism, as well as the
role played by eurobonds as a safe asset in stabilizing the Eurozone’s financial system, will be the

one of the main subjects of our inquiry and of the model presented in the next section'.

'A more comprehensive presentation and discussion of eurobonds proposals, including the ESBies proposal, from
which this development was partially inspired, can be found in Quero, Tsolakidis and Vuilletet (2019)
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Figure 6: The ESBies issuance scheme
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Source: Quero, Tsolakidis and Vuilletet (2019, figure 1)

3 A post-Keynesian stock-flow consistent model of the sovereign-

bank nexus

In this section, we model and analyze the emergence of a diabolic loop between a degradation of
banks’ balance sheets and the public debt of the banks’ sovereign in a stock-flow coherent frame-
work?. An SFC model describing these dynamics would need to include two countries in a mone-
tary union, a smaller or peripheral one and a larger and central one, commercial banks purchasing
public bonds from both governments and rationing credit following movements in their balance
sheet. We find a good basis for such a model in the two-country models developed in Duwicquet

and Mazier (2008, 2012) and Duwicquet et al. (2016, 2018)3.

2The complete set of equations of the model, the balance sheet and transaction flow matrices, as well as a description
of each variable and parameter of the model, is available in the appendix.
3A complete version of this base model is to be found in Duwicquet et al. (2016)
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3.1 The fundamental structure of the model

The model presented in this paper and used for the simulations below is largely inspired by the
model displayed in Duwicquet et al. (2018, hereafter DMS 2018). The DMS 2018 model is a
two-country model of a monetary union with exchange rate misalignments and credit rationing
discussing the impact of the introduction of eurobonds and other international intra-union solidarity
mechanisms between a larger and a smaller country. If our model will make good use of these
features, it will ignore exchange rate and competitivity issues as it is not directly related to our
inquiry and will instead take some of the features of the model from an earlier version of the model

DMS 2018 (Duwicquet et Mazier, 2012).

3.1.1 Households

Income

Vn = Cp +invy, + gn, +x, —imy, (D)

Vs = Cs +invs + gng + xg — img (2)

with y the national income in real term, ¢ households consumption, inv investment made by firms, gn
national government expenditures, x the exports and im the imports

Real disposable income

ydh, = wy+id xbd,(—1) 4+ divh) 4+ divh}, + bp, * (1 — 8p,) — t 3)

ydhs = wy + id % bdy(—1) + divh® + divh® + bpy = (1 — 85) — 1 (4)
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where ydh is the real disposable income of households, w the wage share, id the interest rate on bank
depostis, bd households bank deposits, divh the dividends distributed by firms to households, bp are bank
profits, &, the rate of undistributed bank’s profit so that bp*(1-8p,) is the amount of banks’ profit received
by households, ¢ the personal income tax

Imports
log(imp) = Hon + H1nl0g(Vn) (5)
log(imy) = Hos + H1slog(ys) (6)
with im the imports and y the national income in real term

Exports

Xy = Imy (7

Xy = imy (8)

with x the exports and im the imports

As in the DMS 2018 model, households from both countries consume from their income and a
portion of their wealth, and allocate their savings between deposits, cash money, public bonds and
equities from both countries. The disposable income of households is thus composed of wages paid
by firms, interest on households’ deposits, interest on the public bonds owned, dividends received

from their ownership of equities and a share of banks’ profits, as banks retain only a fraction of
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their profits and distribute the rest to households who own them in. The ownership of banks by
households is featured in a very simple manner in our model and completely absent of the DMS
2018 model. Households have claims on the profits of the commercial banks of their country, in
proportions determined exogenously and for reasons developed below. As in the DMS 2018 model,
households in our model also pay taxes from their income and from wages, but they do not receive
social benefits. Indeed, in order to simplify the model, and focus its structure on the dynamics we
propose to investigate in this paper, we simplified the tax structure of the model compared to the
DMS 2018 model, and as found in earlier version of it (Duwicquet and Mazier, 2012). Our model
also presents the same portfolio behaviour of households than the DMS 2018 model, following
the arbitrage method developed by Godley (1999) and Tobin (1969), and described in Godley and
Lavoie (2007). In this regard, the matrix form of the portfolio behaviour of our households can be

written as follows:

bd, VOnnd Vimnd V2nnd V3nnd V4nnd V5nnd id
b" b
n VOnnb Vimnb V2unb V3nnb Vannb  Vsnnb roy
b Z = Vonsb | - vh, + Vousb  Vinsb  Vinsb  Vansb Vsnsh | - | Ths
€h2 VOnne Vinne V2nne V3nne Vinne VSnne rey
| € h}v; ] | VOnse | | V2nse Vinse Vnse Vdnse Vinse | | 1€s |

with b the demand for bonds by households and e/ the demand for firms’ equities by households

This gives the equations (17) to (26) determining the allocation of households savings between fi-
nancial assets and deposits, with the latter being written as a residual of households savings (equa-
tions (25) and (26)) after the purchasing of financial assets and the demand of cash money, deter-
mined as a share of total households consumption. As often seen in SFC models, only the demand
for assets is written here, the supply of assets is assumed to perfectly adjust to demand (Godley and

Lavoie, 2007). As the prices of bonds and equities can change between periods, households realize
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capital gains (equations (29) and (30)), which increases (or decreases, if households make capital
losses) their purchasing power as defined by their Haig-Simons disposable income (equations (9)

and (10)).

Haig-Simons disposable income

yhy, = ydhy, +cghy, )

yhs = ydhs + cghg (10)

where yh is the Haig-Simons real disposable income of households, cgh the capital gains of households and
vdh is the real disposable income of households

Personal income tax

th = Op[wy +id xbd,(—1) 4+ bp, * (1 — &n) + bl + b}, + divh}, + divh))] (11)

ty = O5[ws +id xbds(—1) + bpsx (1 — &pn) + b + bl + divh} + divh?] (12)

with ¢ the personal income tax,w the wage share, id the interest rate on bank depostis, bd households bank
deposits, divh the dividends distributed by firms to households, bp are bank profits, 0, the rate of
undistributed bank’s profit so that bp*(1-3;,) is the amount of banks’ profit received by households

Households consumption

Cn = don+ alnyhn +a2thn(_1) (13)
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Cs = a0s+alsyhs+a2ths(_1) (14)

with vh the net wealth of households, ¢ households consumption and y# is the Haig-Simons real disposable
income of households

Cash held by households

hhy, = Aocy, (15)

hhs = Aycs (16)

with hh the cash held households and ¢ households consumption

Demand for equities by households

ehZ - ([(VOnne - Vlnnbrbn - V2nnbrbs — V3nne * id + Vappetren — VSnneres)th])/(pen) (17)

ehi = ([(VOVlse — VinsbDs — Vonspbn — Vinne * id — Vapseren + V5nsereS)th])/(pe5) (18)
€h§ = ([(V0sse — VigsbTDs — Vosspbn — Vune * id — Vagseren + V5sseres)VhS]>/(peS> (19)
eh'; = ([(VOsne — Visnp"bn — Vosnpbs — Vipne * id + Vagneren — VSSneres)Vhs])/(pen) (20)
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Demand for public bonds by households

[(VOnnb + Vb by — Vopnprbs — V3nnbid — Vapnplen — VSnnbres)th]

by, = 21
b — [(VOnsb + Vlnsbrbs - VZnsbrbn - V3nsbid — V4nsbTen — VSnsbres)th] (22)
" pbs

b — [(VOssb + VisspTbs — VasspTbpn — Vasspid — Vagspren — V5ssbr€s)Vhs]

23
s b, (23)

Pt — [(VOSI’lb +V1snb?bn — Vosnprbs — Vagnpid — Vagnpre, — VSsnhres)Vhs]
by

N

(24)

with b the demand for bonds by households and e/ the demand for firms’ equities by households, b the
interest rate of public bonds, pb the price of public bonds, pe the price of equities and re the rate of return
on equities

Variations of bank deposits held by households

Abd,, = ydhy, — ¢, — pby * Ab}, — pbs x Ab}, — pe, x Aehly — pes x Aeh), — Ahh,, (25)

Abd = ydhg — cs — pby x Ab; — pbs x Ab — pes x Aeh, — pe,, x Aehl; — Ahhy (26)

with bd households bank deposits, ydh is the real disposable income of households, ¢ households
consumption, pb is the price of public bonds and b the public bonds held by households, pe is the price of
equities and eh the demand for firms’ equities by households, /% the cash held households

Households wealth
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vhy, = bd, + pb,, * bj, + pbs x b) + pe, x Aeh, + pes x Aeh,, + hhy, (27)

vhy = bds + pby, x b} + pbs % b§ + pes  Aeh; + pey * Aeh', + hhy (28)

with vh the net wealth of households, bd households bank deposits, pb is the price of public bonds and b the
public bonds held by households, pe is the price of equities and ek the demand for firms’ equities by
households, /A the cash held households

Households capital gains

cghy = Apb, xb'(—1) + Apby by (—1) + Apey, x el (—1) + Apes x eh) (—1) (29)

cghs = Apby, x bl (—1) + Apbs+ b (—1) + Apey, x ehly (—1) + Apeg x ehi(—1) (30)

with cgh the capital gains of households, pb is the price of public bonds and b the public bonds held by
households, pe is the price of equities and ek the demand for firms’ equities by households

3.1.2 Firms

In the DMS 2018 model, firms accumulate both real and financial assets. Because it does not relate
directly to the questions this master thesis proposes to discuss, and because it helps simplifying
the model, contrary to the DMS 2018 model, here firms do not pay taxes, and instead behave as
described in an earlier version of the model (Duwicquet and Mazier, 2012). Their real investment
decisions are driven by retained profits determining their internal financing capacities, by the rate

of growth of demand, with negative impacts of their own indebtedness and of the cost of external
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financing. As in Duwicquet and Mazier (2012), we distinguish between desired and restricted
investment: firms have a certain desired rate of growth of capital which may or may not be within
their financing capabilities. The realized investment is thus the minimum between the level of
investment firms desire, and the level of investment they can finance (equations (39) and (40)).
Investment is financed externally through loans from banks and equities issued, and internally by
retained earnings. Actual investment is determined as the minimum between desired and restricted
investment. A particularity of our model with regard to the DMS 2018 model is that the supply of
credit money that firms are able to foster is not always equal to their demand for credit money. The
latter is the residual finance required on top of retained earnings and after the issuance of equities
to finance desired investment, while the former is the demand for credit money rationed by banks
(for the determination of credit rationing, see section 3.2 and equations (116) and (117)). As in the
DMS 2018 model, firms can address their credit demand to banks of both countries, with banks
from the larger country being fully financed nationally, but in our model the share of the total of
credit demanded addressed to banks from country N by firms from country S is determined by a
fixed parameter (€) representing the international status of firms from country S and their ability
to demand foreign credit. This simplification was useful in order to introduce credit-flow specific

lender’s risks as defined below in equations (113) to (121).

Financial investment by firms is again determined by the portfolio allocation method of Godley
(1999) and Tobin (1969), with a positive impact of the rate of return on equities and the rate of
profit, reflecting the global state of affairs, and an arbitrage between domestic and foreign equities
((Duwicquet and Mazier, 2012). As in the DMS 2018 model, the price of equities grows exoge-
nously, the rate of return on equities is determined by both dividends and capital gains and issuance
of new equities responds fully to the demand from firms and households of both countries. Div-
idends distributed are the residual of total profits not retained by firms, as determined by the rate
of undistributed profits (sf). Income distribution is assumed to be exogenously determined as the

wage share is a fixed share of total income.

Retained earnings
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upp = [yn — wy — rlyblli(—1) — ribl (— 1) — div,, + dive), + dive) | (31)

ups = [ys — ws — risbly (—1) — rl,bl; (—1) — divg + divej + dive'; | (32)

where up are firms’ retained earnings, bl the loans supplied by private banks to firms, 7/ the interset rate of
bank loans to firms, div the dividends distributed by firms, dive the dividends received by firms on their
holding of equities

Accumulation rate

upn(—1) (Ayn) bl,(—1) n n
=k k k —k3ypy—— — kgl — kag,rl 33
8 ont+Kin kn(_2> + Znyn(_l) 3n kn(—l) 4nntty 4sntlg (33)
”ps(_l) (Ays) bls(_l) s s
=k k k —k — kag vl — kay vl 34
8s 0s T Kis ks<_2) + 2S)’s(_1) 3s ks(—l) 4ssTlg 4nsTly ( )

where g the accumulation rate, k is firms’ fixed capital stock, b/ the loans supplied by private banks to firms,
rl the interset rate of bank loans to firms, up are firms’ retained earnings

Investment (desired)

ind, = gnkn(—1) (35)

indy = gsks(—1) (36)
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with ind firms’ desired investment, g the accumulation rate, & is firms’ fixed capital stock

Investment (restricted)

inr, = Abl, + up, + pey x Ae, — pey, x Aeelr — pes x Aee,, (37)

inrg = Ablg+ ups + pes x Aeg — pe,, * Aeey — pes x Aee; (38)

with inr firms’ restricted investment, e the equities issued by firms, ee demand for equities by firms, b/ the
loans provided to firms by banks, up are firms’ retained earnings, pe is the price of equities

Investment realized

inv, = min(inry,,ind,) (39)

invg = min(inry, indy) (40)

with inv investment made by firms, inr firms’ restricted investment, ind firms’ desired investment

Variations of firms’ fixed capital stock

Aky, = invy, — Sk, (—1) (41)

Ak = invy — 8ks(—1) (42)

28



where k is firms’ fixed capital stock, inv investment made by firms, k is firms’ fixed capital stock

Loans (demanded)

S

I, = bl,(—1) +inv, — up, — pe,Aey, + pey,Aeel + pesAee;,

Iy = bls(—1) + invg — ups — pesAes + pesAees + pe,Aeel

A" = AL, — Al"

AL = Aly— Al

I} = €xl

(43)

(44)

(45)

(46)

(47)

(48)

where / are the loans demanded by firms to private banks, ee is demand for equities by firms, pe is the price
of equities, k is firms’ fixed capital stock, e the equities issued by firms, up are firms’ retained earnings, b/
the loans provided to firms by banks, inv investment made by firms

Demand for equities by firms

n_ |(finnre, — fonnres + fynn(up,) [ (ko (—1)) + fonn)(k, + penee), 4 pesee;,)]

ee, =

pén

(49)
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oS — [(finsres — fansre, + fans(upy)/(kn(—1)) + fons)(k, + peneel + pesees)| (50)

n
pes

or _ [Ufrsnre, = fosnre, + frsn(ups)/ ((=1)) + fosn) (ks + peneel + peseel)]

peén

s |(fissres— fassre, + f3ss(ups)/(ks(—1)) + foss) (ks + peneel + pegee?)]
ee) = (52)

pes

where ee is demand for equities by firms, pe is the price of equities, & is firms’ fixed capital stock and up are
firms’ retained earnings

Prices of equities

pen = Oppen(—1) (53)

pes = ogpeg(—1) (54)

where pe is the price of equities

Rate of return of equities

Apey, div,

" pen(—1) " pea(—Dea(—1) (55)

Apeg divg
reg =

~pe(=1) " pes(=1es(-1) (56)
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with re the rate of return on equities, pe the price of equities, e the equities issued by firms, div the
dividends distributed by firms

Number of equities

e, = eh, + ee, + eh'{ + eé€’; (57)

ey = eh;, + ee,, + eh; + ee; (58)

where ee is demand for equities by firms, e the equities issued by firms, es the demand for firms’ equities

by households
Dividends distributed by firms
dive = (1 =sf)[yn(=1) =wn(=1) = rlpbl;(=2) — rlsbl¢ (—2)] (59)
divs = (1 =sf)[ys(=1) —ws(=1) = rlsblg(=2) — rlubl, (—2)] (60)
dive" = div,( ej((__ll)) ) 61)
divh! = div,,(e:?((—__ll))) (62)
dive® = divg( £, (63)

en(—1)
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Firms’ capital gains

eh(~1)

epl—

)

ees(—1)

es(—1)

dive} = divs(

)

ehi(—1)

lehi = dzvs(ﬁ
egl—

)

ees(—1)

dive® — di
ive,, lvs(—es(—l)

)

ehs(—1)

divi = divg(Zm—
ivh;, ivs( o(=1)

)

cgen = Apepeen(—1) + Apegee) (—1)

cges = Apeyee (—1) + Apegees(—1)

(64)

(65)

(66)

(67)

(68)

with div the dividends distributed by firms, dive the dividends received by firms on their holding of equities,
divh the dividends distributed by firms to households, ee demand for equities by firms, e the equities issued
by firms, eh the demand for firms’ equities by households, b/ the loans provided to firms by banks, r/ the
interest rate on bank loans

(69)

(70)

where cge is the capital gains of firms, ee demand for equities by firms, pe the price of equities
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Firms wealth

Vn = kn + pepeel, + pesee; — bl, — pepey, (71)

vs = ks + penee’; + peseei — bl — pese (72)

where v is firms’ net wealth, k is firms’ fixed capital stock, ee demand for equities by firms, pe the price of
equities, e the equities issued by firms, b/ the loans provided to firms by banks

Wage share
Wy = 1Y (73)
W = T0Ys (714)
where w is the wage share and y is national income in real term
3.1.3 Banks

In the DMS 2018 model, banks hold the deposits of households, of which they also hold a share
in cash money, reflecting reserve requirements, and pay an interest on them determined by banks’
mark-up on the interest on central bank advances (equation (77)). They provide loans to firms
without restriction at an interest rate varying with ‘financial conditions’ determined by the interest
rate of treasury bills issued by their domestic government. The interest rate on loans (equations

(78) and (79)) made by private banks move with a lag with the interest rate on domestic Treasury
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bills. They also retain all of their profits after having paid some of it in taxes to their domestic
government, and refinance themselves to the central bank, if necessary to finance their operations.
In our model, however, things are different. Banks do not supply all of the credit demanded by firm
but instead ration credit in terms of quantities, the details of which are the subject of the next section.
Also, in the model detailed here, banks do not retain all of their profits, but instead distribute an
exogenously determined share of it to domestic households who own them. This transformation
was necessary in order to allow the diabolic loop dynamics to work, as, in the original version of

the DMS 2018 model, the net value of banks tends to grow too rapidly and continuously.

Cash held by banks

hy = Aybd, (75)

hs = Asbd (76)

where 4 is the cash held by banks (capital requirements) and bd the bank depostis of households

Interest rate on deposits

id = ib—myb (77)

where ib is the interest rate on central bank advances to banks and id the interest rate on bank deposits

Interest rate on loans

rly=rl,(—1)x (1 —a)+axr,(—1) (78)
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rly=rls(—1)x (1 —a)+axry(—1) (79)

where r is the interest rate on Treasury bills and r/ the interest rate on bank loans

Banks’ profits

bpn = (1= 6y, [rl,b1} (—1) + rl,bl (— 1) + rybt) (—1) + bty (—1)

—id.bdy(—1) —ib.rfu(—1)] (80)

bps = (1 = Opy) [rlsbl3(—1) + rsbti (—1) + rpbtf (—1) — id.bds(—1) — ib.r fu(—1)] (81)

where bp is bank’s profit, bt the Treasury bills held by banks, rf the central bank advances made to private
banks, bl the loans provided to firms by banks, r/ the interest rate on bank loans, r the interest on T-bills, id
the interest rate on bank deposits, ib the interest rate on central banks advances, bd the bank depostis of

households

Banks’ net wealth
vb, = h, + bl + bl;, + bt,, + bt, — rf, — bd, (82)
vbs = hg+ bl + bt, — rfs — bd, (83)

where vb is the net wealth of banks, bt the Treasury bills held by banks, b/ the loans provided to firms by
banks, rf the central bank advances made to private banks, bd the bank depostis of households, / is the cash
held by banks
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Change in bank’s wealth

Avb, = Opnxbp, (84)

Avbg = 85 * bpy (35)

Taxes on banks

thy = Oy [rlybly (—1) + rl,bly (—1) + rybty, (—1) + rebty (—1)

—id bdy(—1) — ib.rfy(—1)] (86)

thy = Ops[FLbIS(— 1) + 1yt (— 1) + rubt" (— 1) — id.bdy(—1) — ib.r fy(—1)] (87)

where tb are the taxes paid by private banks, bt the Treasury bills held by banks, rf the central bank
advances made to private banks, b/ the loans provided to firms by banks, 7/ the interest rate on bank loans, r
the interest on T-bills, id the interest rate on bank deposits, ib the interest rate on central banks advances, bd
the bank depostis of households

Central bank advances made to private banks

Arf = Ahy, + AbI" 4 AL, + Abt" + AbtS — bp, — Abd,, (88)

Arfy = Ahg+ AblS 4 Abt? — bps — Abd, (89)
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where rf the central bank advances made to private banks, bp is bank’s profit, bt the Treasury bills held by
banks, bl the loans provided to firms by banks, bd the bank depostis of households, # is the cash held by
banks

3.1.4 Government and Central Bank

As in the DMS 2018 model, in our model the government has a relatively reduced role. Its expen-
ditures grow at an exogenous rate. It receives taxes from households, firms, banks and the central
bank, who redistributes all its profits as taxes to both governments. After having responded to the
demand for public bonds, the remaining deficit is entirely financed by the issuance of Treasury bills
purchased by banks, with only the smaller country selling T-bills to banks of both countries. In the
DMS 2018 model, the interest rate on public bonds is equal to the interest rate on T-bills, which
depends on the quantity of T-bills issued, as it has to equal the demand and supply of T-bills, and on
the interest rate on the T-bills of the country in the case of country S T-bills. In our model however
the variations in the interest rate on bonds are smoothed by introducing a lag in its reaction with
regards to the rate on T-bills, as found in Duwicquet and Mazier (2012), because strong variations
in the interest rate on bonds destabilize the model. The interest rate on Treasury bills was also
changed with regard to the DMS 2018 model. Because we were able to introduce distinct credit
rationing features, we chose to relax the assumption that interest rates on public debt is a positive
function of the quantity of T-bills issued, and instead assume that the interest rates on T-bills are
exogenous, as in Duwicquet and Mazier (2012), with the interest rate on the T-bills of the southern
country being equal to the interest rate on the T-bills of the northern country plus a risk premium
(zrs, In equation (99)) representative of the spread in interest rates on public debt between countries

of the EMU.

National government expenditure

8Ny = agglgnn(_1> (90)
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8Ns :agglgns(_l) 1)

where gn are the national government expenditures

T-bills issued

Abt, = gny, + rpbty(—1) + by (—1) —t, — tb, — teb, — pb,Ab,, (92)

Abty = gng+ rebty(—1) + by(—1) — ty — thy — tebs — pbyAby (93)

where gn are the national government expenditures, ¢ the interest paid by the government on T-bills
issued, b the interest paid on public bonds, 7 the personal income tax, tb the taxes on banks, feb the taxes
paid by the central bank, pb.mb the income received from the new issuance of public bonds

T-bills issued by * held by banks *

Abt;, = Abt, (94)

Abt = Abty — Abt? (95)

where bt are the T-bills issued by the government

T-bills issued by * held by banks °
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Rates on T-bills

Variations in public bonds

bt =0 (96)

btz — (alnsrs - a2nsrn)yn (97)

where bt are the T-bills issued by the government

In=r (98)

Fs = Fn+2Zps 99)

where r is the interest rate on T-bills issued by the government

Aby, = Ab!' + Ab" (100)

Abg = AbS + Ab} (101)

where b are the public bonds issued by the government
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Prices of bonds

1
Py = — (102)
rb,
by = : (103)
pPbs = rb,

where pb is the price of public bonds and rb the interest rate on public bonds

Rates on bonds

rby =rby(—1)* (1 —a)+a*r,(—1) (104)

rbs = rbs(—1)* (1 —a) +axr,(—1) (105)

with rb the interest rate on public bonds and r the interest rate on Treasury bills

Public debt

dp = bt, + pb,by, (106)

ds = bts + pbsby (107)

where d is the public deficit of the governemnt, bt the T-bills issued and pb.b value of the public bonds
issued
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High-powered money

h = hh, + hhg + hy, + hg (108)

where 4 is total HPM in the monetary union, /4 the cash held by households, hyand kg the cash held by
banks in both countries

Taxes on Central bank advances made to private banks

teb = iblrfy(—1)+rfy(—1)] (109)
teby = teb(—2"—) (110)
Yn+ s
vs
by = teb 111
rebs = teb( (1

where feb is the taxes paid by the central bank to governments, ib the interest rate on central bank advances
and rf the central bank advances to private banks

Net value of central bank (not to be written)

Ah = Arfy + Arf, (112)

“where rf the central bank advances to private banks and /4 is total HPM in the monetary union

4The truthfulness of this equality, which is a condition for the stock-flow coherence of the model, can be verified in
the Appendix for the 3 scenarios of our model.
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3.2 Generating credit rationing

The most important amendment to the DMS 2018 model made by us is the introduction of more
specific credit rationing dynamics by including a lender’s risk (LR) as found in Le Héron and
Mouakil (2008)°. Extending liquidity preference to banks in a context of endogenous money, Le
Héron and Mouakil (2008) define a lender’s risk determined by the gap between firms’ indebtedness
and the banking sector convention regarding it, the market valuation of firms as entailed in the
Tobin’s Q (g) and the cost of accessing high powered money, the interest on central bank advances
(ib). In our model we add in the Lender’s risk (LR) a new component: the leverage ratio of banks
(BLR), which is the ratio of the sum of the assets held by banks on the net wealth of banks, corrected
for the risk associated with Treasury bills, acting a proxy for equity capital, the details of which are
the subject of the next section. As in Le Héron and Mouakil (2008), our lender’s risk takes value
between 0 and 1, with a lender’s equal to 1 meaning that banks completely ration credit and provide
no loan to firms, and a lender’s risk of 0 meaning that banks provide all the credit money demanded
by firms, as in the horizontalist case. The loans actually provided by banks (bl) is then always less

or equal to the demand for credit money, depending on the values taken by the lender’s risk (LR).

Lender’s risk (loans)

LR, = pi(leva(—1) —levy,) + p3(BLRy(—1) — BLR,) — pa.gn(—1) + pe.ib (113)
LR} = pi(levs(—1) —levS) + p3(BLR,(—1) — BLR')) — p4.qs(—1) + pg.ib (114)
LR = pi(levs(—1) —levS) + p3(BLRs(—1) — BLR.) — p4.qs(—1) + pe.ib (115)

5See also (Le Heron, 2012, 2011) for similar developments.
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with LR the lender’s risk of banks, lev the leverage ratio of firms, BLR the leverage ratio of banks, g Tobin’s
Q and ib the interest rate on central bank advances

Loans actually provided by banks

Abl, = AlL,(1 — LR") (116)

Ably = AIS(1 — LR®) + AL (1 — LR)

which gives

Ably = AL[(1 —&)(1 — LR®) + (1 — LR})] (117)

with bl the actual loans provided by private banks to firms, LR the lender’s risk of banks, [ the loans
demanded by firms to private banks

Leverage ratio of firms

levy, = (bly/ky) (118)

levy = (bl /ks) (119)

where lev is the leverage ratio of firms, b/ the loans provided by banks to firms, & the fixed capital stock of
firms

Tobin’s QO

qn = penen/kn (120)
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qs :peses/ks (121)

where ¢ is Tobin’s Q, pe.e the value of the equities issed by firms, k the fixed capital stock of firms

3.3 Banks’ leverage ratio and modeling the diabolic loop

The diabolic loop, as described in Dell’ Ariccia et al. (2018), entails the existence of a specific
credit-rationing response from banks to a negative shock on the public debt of their sovereign. To
generate this effect in our model, we define a bank leverage ratio (BLR) and a targeted bank leverage
ratio (BLR"), with banks rationing credit more as their actual leverage ratio departs from its target.
We find precedents for such a ratio in an SFC framework in Godley (1999) and Godley and Lavoie
(2007), who introduce a ’Bank liquidity ratio’ (BR, in Godley 1999, and BLR, in Godley and Lavoie
2007) defined as “the ratio of defensive assets ([Treasury bills]) to liabilities” (Godley 1999, 408).
Banks have a 'norm’ or target for this ratio, and will then increase the rate of interest whenever the
ratio falls below the target, and reduce it when the ratio exceeds its norm (Godley 1999). Our BLR
behave in a similar way, and is introduced in the lender’s risk of banks (equation (113) to (115))
in the same manner Le Héron and Mouakil (2008) introduced the leverage ratio of firms (lev) in
their equation of the lender’s risk. The idea is that, in times of crisis, faced with a devaluation
of the asset side of their balance sheets, banks see their equity capital absorb the shock and their
leverage ratio increase above their leverage ratio and reduce their holding of assets and thus their
credit supply to the economy (Adrian and Shin, 2014). Because banks only hold Treasury bills in
terms of public debt, and because public debt do not have a price as they are redeemed at the end
of each period, we had approximate what would be a change in price as a result of an increase in
the interest rate of Treasury bills by correcting the net wealth of banks for the risk associated with
Treasury bills (risk, in equations (122) and (123)). Thanks to this transformation, an increase in the

interest rate on Treasury bills results in a reduction of the net wealth of banks in our bank leverage
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ratio, increasing the leverage of banks and thus the lender’s risk, which initiates the credit rationing

dynamics of our model.

Total assets h, + bl + bl} + bt)} + bt;,

BLRy = Net wealth of banks - vb, — bt!' .risk, — bt .risks (122)
BLR, = Net ioe;‘;i: Z?ianks - \flljs—tbljfgtifs (123)

riskn = ra(1 4 Yrigkn) (124)

risks = rg(1+ Vrisks) (125)

where /4 is the cash held by banks, b/ the loans provided by banks to firms, bt the Treasury bills held by
banks, vb the net value of banks, bt.risk the T-bills held by banks corrected for the risk, » the interest rate on
T-bills

As a consequence, a negative shock on the public debt of country S, that is, a temporary increase
of the interest rate on its debt because, for example, of a sudden loss of confidence by markets,
will increase the risk associated with Treasury bills and thus the net wealth of banks, and especially
of banks from the country S who are biased towards their sovereign in their demand for T-bills,

decrease, increasing the ratio BLR, and hence the lender’s risk LR, generating credit rationing.

4 'The scenarios: sovereign risk shock and eurobonds issuance

In order to discuss the effects of the diabolic loop, or sovereign-bank nexus, on a monetary union
like the Eurozone, our model will go through a selection of scenarios as follows. A baseline sce-

nario will let the model run without changing any of the initial variables, giving us the normal’
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trajectory of the two economies composing our model. From this baseline scenario, a second
scenario introducing a negative shock on the interest rate of the peripheral country’s public debt
(Country S), thus increasing the interest rate on public bonds, as well as reducing their prices, will
be executed. Finally, the last scenario will display the impact of a eurobonds issuance in the con-
ditions of the second scenario, that is, with a similar shock on the interest rate of the public debt of
the peripheral country. This scenario will let us assess to what extent a eurobonds issuance reduces

the sovereign-bank nexus, and the following effect on the economy of Country S.

The DMS 2018 model, on which our own model is largely built, also offers a scenario with eu-

robonds following this rule for the issuance of the eurobonds:

If d—n > 60% then

n

d
If = > 60% then
Vs

Abtes = (gng+ ribts(—1) +bs(—1) —t; —thy — tebs — pbsAbs —t f5) + ges

bte = bte,, + bteg

bte
reuro = dage + aj.(—)
Ye

where gn are the national government expenditures, 7.bf the interest paid by the government on T-bills
issued, b the interest paid on public bonds, 7 the personal income tax, tb the taxes on banks, feb the taxes
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paid by the central bank, #f the taxes paid by firms, pb.mb the income received from the new issuance of
public bonds, ge federal government expenditures, bte eurobonds, reuro the interest rate on eurobonds

In the scheme displayed above, eurobonds are issued in place of the treasury bills of a country
to finance its deficit when its public debt to GDP ratio exceeds a threshold of 60 percent. It is
unclear in the DMS 2018 model if such an issuance scheme refers to an already existing proposition
for a eurobonds issuance in the literature or not, but it does not, to the extent of our knowledge,
correspond to one of the main eurobonds scheme currently discussed in the literature. Indeed, even
among the more ambitious schemes actively discussed such as De Grauwe and Moesen (2009)
and Delpla and Von Weizsicker (2010), the issuance structure tends to be issuing eurobonds for the
safest part of the domestic public debt, up to 60 percent of debt to GDP, in order to achieve complete
safeness for the eurobonds, and having the remainder of domestic public debt issued as 'normal’
domestic public debt. This kind of propositions also have the benefit of being relatively close to
the rules encompassing fiscal policy in the Eurozone, encouraging sound finance and punishing
“excessive’ spending above the threshold of 60 percent of debt to GDP. If maybe less appealing
politically, the scheme proposed in the DMS 2018 model presents the advantage of resorting to
the issuance of eurobonds when public debt might become less sustainable for the two countries,
especially under the assumption that interest rates on public debt increase with the issuance of

Treasury bills, and thus making eurobonds act as a stabilizing mechanism in the Eurozone.

For our model, this issuance scheme will be maintained and this for two main reasons: it has the
benefit of simplicity, especially as such a scheme was used and proven to work in a model very
similar to ours, and it will keep the quantity of eurobonds issued in the model relatively low, in
particular compared to an issuance scheme with eurobonds issuance below the 60 percent of debt
to GDP threshold, thus only impacting the balance sheet of banks in a limited, though noticeable,
way. This will allow to reduce the impact of a change in the prices of public bonds on the supply
of credit of banks, instead of completely canceling and concealing it, which we consider a better

ground for future discussion®.

6 Although, it is our opinion that future discussion from our model would benefit from relying on existing and more
sophisticated eurobonds proposal, such as Brunnermeier et al. (2011) or Delpla and Von Weizsicker (2010).
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Hence, in this second scenario the equations for the issuance of Treasury bills will be revised as

follows:

dn
If — < 60% then

Yn

Abty, = (gh + rabty(—1) + by (—1) — t, — thy, — teb, — pbyAb, — t f) + reuro.bte,(—1)

d
If = < 60% then

N

Abty = (g5 + rsbty(—1) +bg(—1) —ty —thy — tebs — pbsAbs —t fy) + reuro.btes(—1)

where gn are the national government expenditures, rbf the interest paid by the government on T-bills
issued, b the interest paid on public bonds, 7 the personal income tax, tb the taxes on banks, feb the taxes
paid by the central bank, #f the taxes paid by firms, pb.mb the income received from the new issuance of
public bonds, ge federal government expenditures, bte eurobonds, reuro the interest rate on eurobonds

If each country issues its own set of eurobonds, and pays the interest on it, these bonds have a
common yield which is expected to be lower than the interest on the public debt of the peripheral
country, granting it a kind of fiscal relief. Nevertheless, eurobonds will not be reinvested in a
specific manner by the countries issuing them, they will simply be used to finance part of the public
deficit of the issuer, with no consequence on the exogenous rate of increase of public expenditures.
Instead, the expected effect of this issuance scheme is to see eurobonds partly replace Treasury
bills in the balance sheet of banks, reducing the impact of the country-specific risk of T-bills in the

leverage ratio of banks’.

"Eurobonds will be assigned a euro-wide risk, depending on the interest rate on eurobonds, that will be introduced
in equations (122) and (123) of the model under scenario 2, as can be found in the complete set of equations of the
model in the appendix
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5 The simulation: diabolic loop dynamics in a monetary union

The calibration of the model follows relatively closely the one in the DMS 2018 model, in particular
for the starting values of the stocks, and most of the parameters, which were calibrated in the origi-
nal model to fit the structure of the EMUB. We ran the model for 40 periods through our 3 scenarios:
the baseline scenario (Scenario 0), in which the model runs without any shocks, and without any
issuance of eurobonds, the sovereign risk shock scenario (Scenario 1), in which the interest rate
on the Treasury bills of country S, the southern country, is shocked with a 5 percentage points
increase for 4 periods, between period 5 and period 8, and finally, the scenario with eurobonds
issuance (Scenario 2), in which a issuance scheme, as described above, is added to the model, on
top of the sovereign risk shock. It is important to note that, for lack of a better method, Scenario
2 was launched separately in a different model which included a eurobonds issuance scheme. If
this model does not differ in any other way from the model used for scenario 0 and scenario 1, the
issuance of eurobonds changes slightly the trajectory of some of the variables, even in the baseline
scenario, which might explain some of the unexpected differences between scenario 0 and scenario
2 in our results. The simulations and programming of the model are done using the software Eviews

11 University Edition.

Figure 7 displays the trajectories of the output and disposable income for both countries over the
periods simulated. There is not observable substantial change in output across the scenarios, both
countries follow a stable low-growth path, with only a limited negative impact of the sovereign
risk shock for country S (Figure 7.1), and a seemingly positive impact for the eurobonds issuance
(Scenario 2) in country S, most clearly, and in country N. Such a weak effect of the sovereign
risk shock in Scenario 1 is disappointing, as our paper wishes to feature, among other things, the
negative impact of such a shock on economic activity, and is due to the also weak effect on credit

rationing of our shock, as discussed below (Figure 9).

8see Duwicquet and Mazier (2010, 2012) and Duwicquet et al. (2016, 2018) for more details on the calibration
method
9The EViews codes used for the simulations are available, from the author upon request
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Figure 7: Evolution of output and disposable income.

Figure 7.1: Qutput and disposable income of country S Figure 7.2: Output and disposable income of country N
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Source: Author’s own calculations.

The effect of the issuance of eurobonds can be clearly observed in Figure 8, which displays the
evolution of the public debt to GDP ratios for both countries. If the sovereign risk shock (Scenario
1) as a negative impact on the public debt of the southern country, this impact is, as expected, more
than compensated in the case of a eurobonds issuance (Scenario 2). Because of the threshold set
in our model for the eurobonds issuance scheme only country S issues eurobonds, and thus the
issuance of eurobonds has little impact on the trajectory of the debt to GDP ratio of the northern
country. It is nevertheless unclear, at this point, why scenario 2 causes on the long run a higher debt

to GDP ratio for country N.
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Figure 8: Evolution of the public debt to GDP ratios.

Figure 8.1: Public debt to GDP ratio of country S Figure 8.2: Public debt to GDP ratio of country N
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Source: Author’s own calculations.

More relevant to our inquiry, the effect of the different scenario on the credit rationing dynamics
included in our model are visible in Figure 9, which shows the variations in the loans actually
provided by banks, as defined in equations (120) and (121). In particular, as seen in Figure 9.1, in
the periods following the shock on the sovereign risk of country S in scenario 1, the loan provided
to firms S decreases compared to the baseline scenario, indicating a stronger rationing of credit
by banks, mainly as a response to the increase in the lender’s risk of banks S following the shock
(see Figure 10.1). The key variables of the mechanisms of credit rationing at play here, defined in

equation (117) to equation (133), are summarized in Figure 10.
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Figure 9: Evolution in the loans actually provided by banks to firms.

Figure 9.1: Loans actually provided by banks to firms S Figure 9.2: Loans actually provided by banks to firms N
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Source: Author’s own calculations.

The effects of the shock in the sovereign risk of country S are clearly visible. In Figure 10.1, an
increase in the interest rate paid by country S on its public debt increases the lender’s risk banks
S face when lending to the firms of country S. The transmission channels work as follows: an
increase in the interest rates on Treasury bills S increases the risk associated with the Treasury bills
of country S present in the balance sheet of its banks, thus reducing their net value, a proxy of
their equity capital, which increases the leverage ratio of banks S, as seen in Figure 10.4, and hence
increasing the lender’s risk of banks S. The shock on the sovereign risk of the southern country
also has an impact on credit rationing by banks of the country N because of their cross-border
holding of Treasury bills, both in the lender’s risk they face while lending to their own domestic
firms (Figure 10.2), and while lending to firms of the southern country (Figure 10.3). We are thus
able to replicate part of the dynamics involved in the diabolic loop, with a higher risk of sovereign
default being translated, via the holding of public debt by banks, to increased leverage ratios for

banks and thus to credit rationing.
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It is also noticeable in Figure 10 (and in particular on Figure 10.2, 10.3 and 10.5) that the effect
of the shock on the sovereign risk of country S has a longer lasting effect on the credit rationing
variables of country N, which is surprising considering banks present a home bias in their holding
of Treasury bills, and thus country N holds less Treasury bills from country S than the banks from
country S. We believe it to be caused by the positive effect of an increase in the interest rate on the
public debt of country S on the demand for public bonds from country S by households. Because,
after the shock, the demand for public bonds S increases, the quantity of Treasury bills issued by
S is reduced (see equations (96) and (97)) and thus the total of the T-bills from country S held by
banks, as well as their leverage ratio, decrease. Because T-bills S are mostly held by banks S, this
effect is stronger for banks S than for banks N, reducing the lender’s risk faster for the former than

for the latter.
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Figure 10.1: Lender's risk for bank S lending towards country S

1.0

08

0.6

0.4

0.2

0.0

-0.2

70

Figure 10: Evolution of the key variables of credit rationing by banks.

— M

2 4 6 8

10 12 14 16 18 20 22 24 26 28 30

——— Scenario 0: Baseline scenario
—— Seenario 1: Savereign risk shock
—— Scenario 2: Sovereign risk shock + eurobonds

Figure 10.2: Lender s risk for bank N lending towards country N
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Figure 10.3: Lender’s risk for bank N lending towards country S
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The impact of the issuance of eurobonds on the sovereign-bank nexus discussed above is also
displayed in Figure 10. Under scenario 2, that is, with eurobonds issuance, the impact of a shock
on the sovereign risk of the southern country on credit supply is much weaker, in the case of the
banks of country S, as visible in Figure 10.1, or completely suppressed, in the case of the banks
of country N, as can be seen in Figure 10.2 and Figure 10.3. We can thus argue that eurobonds
indeed play the role of a euro-wide safe asset for the Eurozone’s financial system, shielding the
balance sheets of banks against the sovereign-bank nexus by reducing their sovereign exposure,
and swapping domestic public debt for a safer euro-wide debt asset. In the case of a negative
reassessment by financial markets of the risk of sovereign default of the peripheral country, the
presence of eurobonds in the balance sheets of this country’s banking sector reduces the impact
of the dynamics of the diabolic loop and the consequent credit rationing by banks, as argued in

Brunnermeier et al. (2017) and in ESRB (2018), both domestically and in the rest of the union.

Figure 11: Pattern of issuance of eurobonds.

Figure 11: Pattern of issuance of eurobonds in Scenario 2
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Figure 11 shows the pattern of the issuance of eurobonds under the scenario 2 of our model. Be-

cause of the level of the threshold, only the southern country issues eurobonds during the periods
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of simulation, although, as both countries have, at the beginning of the model, each issued a cer-
tain quantity of eurobonds, country N has issued a non-null fixed stock of eurobonds, held by its

banking sector.

6 Limits of the model: the work ahead

The model presented in this paper allowed us to show and discuss some of the destabilizing dynam-
ics at play in the Eurozone’s financial and banking systems, the so-called sovereign-bank nexus,
and the consequent credit rationing by banks and its impact on economic activity. Nonetheless, our
successful modeling of some of the diabolic loop dynamics in an SFC framework in this paper is
not to be considered sufficient, and should rather be a starting point for further work on the matter,

and in particular at fixing what we consider to be significant insufficiencies in our model.

6.1 A word on our results

As explained in section 5, if we were able to build a model showing some of the dynamics of the
diabolic loop, and in particular credit rationing by banks as a result of a sovereign risk negative
shock, our simulations only show relatively weak movements in our variables. Especially, there is
close to no impact of the shock introduced in scenario 1 on output and disposable income, which
indicates a failure from our part in building and calibrating the model and assuring the transmission
of higher lender’s risks for banks to lower economic activity. This could be corrected by choosing
higher values for some of the parameters involved these dynamics, which unfortunately, at this stage
of the model, was too destabilizing, but could be introduced in further versions. Also, the general
long term trends of the model, and in particular those of country N, are somewhat incoherent, and
show a overall lack of control of the model in the long run, which should be corrected in later
versions of the model. Finally, the longer lasting effect of the shock of scenario 1 on the credit

rationing variables of country N is rather dissatisfying, and the dynamics of the demand for public
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bonds by households, as well as their effect on the quantity of Treasury bills held by banks, should
be revised. Compared to the credit rationing dynamics present in Le Héron and Mouakil (2008), we
only introduced in our model credit rationing on quantities, and left out rationing through prices,
that is, a distinct lender’s risk variable in the determination of the interest rates on loans, such as

follows:

Interest rate on loans

rly = ib+1r, +vIn

rly, =ib+1r, + ylns

rly =ib+1r;+ yls

Lender’s risk (interest rate)

Irt = pa(levy(—1) —levs) + ps(BLR,(—1) — BLR.) — p7gn,(—1)

17}, = pallevi(—1) — lev$) + ps(BLRy(~ 1) — BLR,) — prgs(~1)

Ir; = pa(levy(—1) —lev() + ps(BLRs(—1) — BLR{) — p7q5(—1)

If, mainly for lack of time, these equations were left out of the model presented in this paper, such

features should be included in future versions of the model.
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6.2 Treasury bills, public bonds and the diabolic loop

Another shortcoming of the model presented here is the reliance on Treasury bills, which are only
held for a period and thus are not subjected to changes in price, as the only form of public debt held
by banks, and thus as the only channel for asset side devaluation. This choice was made because it
is how the DMS 2018 model is built, and attempt at introducing new elements such as public bonds
in the balance sheet of banks proved to require a important redesign of the model, which exceeded
the purpose of this paper. Consequently, future works on the matter would demand a complete
redesign of the model, or the construction of a new model, featuring a banking sector behaving
as a financial investor, making portfolio allocation decisions over a large panel of financial assets,
including different type of public assets, based on financial returns and risk. This would allow us to
see more clearly and with less manipulations the impact of changes in the yields and prices of those
assets on the balance sheet structure of banks, and on their leverage ratio. What’s more, a discussion
of the impact of the issuance of eurobonds for the Eurozone’s financial system would benefit from a
larger discussion on the role of safe assets for banks and financial actors, and thus on introducing in
the behaviour of the financial and banking sector of a future model a distinct feature linked to this
discussion. Finally, regarding the modeling of the diabolic loop, our model only explicitly features
the link between a shock on the interest rate on the public debt of a country, and the credit rationing
by the banks who hold this debt, the sovereign exposure channel according to Dell’ Ariccia et al.
(2018) , but does not clearly include the feedback on sovereign debt via economic activity, the
macroeconomic channel, nor via bailout expectations, the safety net channel. An improvement of
the model could thus include in the behaviour of public expenditures the bailout of banks, or its

probability in the determination of the sovereign risk.

6.3 Eurobonds issuance schemes

The eurobonds issuance scheme included in the model presented here could as well be the subject

of some improvements. In particular, while we decided to rely on the issuance structure already
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present in the DMS 2018 model, using a more sophisticated issuance structure close to an existing
proposition of eurobonds, such as Brunnermeier et al. (2017) or Delpla and Von Weizsédcker (2010),

would an interesting step towards being able to assess specific eurobonds propositions.

7 Conclusion

With regard to the questions we proposed to address in this master thesis, the model and simulations
presented here, extended from Duwicquet et al. (2016, 2018), show some encouraging although

preliminary results, and much remains to be done for later works.

The question at hand here was to assess the impact on financial stability in the Eurozone, especially
with respect to the destabilizing dynamics identified under the names of sovereign-bank nexus,
or diabolic loop, (Brunnermeier et al., 2017, Dell’ Ariccia et al., 2018) of the joint issuance of
the public debt of euro-area countries, or eurobonds. Indeed, the European sovereign debt crisis
highlighted some of the vulnerabilities of the EMU, and in particular the existence of a negative
feedback loop that peripheral countries, such as the GIIPS, face between the risk associated to
the sovereign debt of these countries and the health of their banking sector (see, for example,
Modi and Sandri, 2012). The mechanism goes as follows: an increase in the sovereign risk of a
country decreases the value of the assets associated with it, these assets being disproportionately
held by domestic banks because of a home bias in there purchasing of public debt, the consequent
devaluation of the asset side of their balance sheet decreases their equity capital, increasing their
leverage ratio, to which bank respond by reducing the size of their balance sheet to return to their
target leverage ratio, decreasing their supply of credit to the economy (Adrian and Shin 2010, 2014,
Brunnermeier et al. 2017). This has damaging impacts on economic activity and growth, as private
actors, and especially firms, are less and less able to access credit money from private banks. In
response to these destabilizing dynamics, eurobonds have been presented as a euro-wide safe asset
able to break, at least in part, the sovereign-bank nexus by replacing domestic sovereign debt in the

balance sheet of banks (Brunnermeier et al. 2011, 2016, 2017, ESRB, 2018).
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To discuss these problems, the chosen method was to introduce in a two-country SFC model of
the EMU some of the dynamics of the diabolic loop, and more precisely to include distinct credit
rationing dynamics in the behaviour of the banking sector, as in Le Héron and Mouakil (2008),
responsive to changes in the value of the assets, and in particular public debt, present in its balance
sheet and in its leverage ratio. We were only partially successful in this regard. If our model and
our simulations do show some credit rationing as a consequence of a negative sovereign risk shock
in the southern country, we had to rely on less than satisfactory transformations in the definition
of some of the variables involved. Like, for example, in the definition of our Bank Leverage Ratio
(BLR) and the introduction of a risk parameter in place of a proper price variation of the public
debt held in the balance sheet of banks. This is largely due to the decision to keep to the original
structure of the model from Duwicquet et al. (2016, 2018) and have T-bills, which are not subject to
change in price, as the only public debt asset held by private banks. In this respect, it is our opinion
that later versions of the model would greatly benefit from a more sophisticated banking sector,
with specific portfolio allocation equations over a larger set of assets, including different public
assets varying by their maturity and risk. Such a transformation would require to rewrite a large
part of the original model and is set out of the scope of this paper to respect the time allowed for the
writing of this dissertation. Further versions of the model should also feature the other channels of
the sovereign-bank nexus, such as the safety net channel, that is, the negative feedback of a rise in
the leverage ratio of banks on the sovereign risk due to the actual or expected bailout of the banking

sector by the government.

Nonetheless, our results give relatively clear indications of the positive effect the issuance of eu-
robonds could have with regard to these credit rationing dynamics, with credit rationing by banks
as a response to a negative sovereign risk shock in the southern country being substantially sup-
pressed in the scenario introducing a eurobonds issuance scheme (Scenario 2). This is linked to the
fact that, with the issuance of eurobonds by the southern country, private banks hold less Treasury
bills with a country-specific risk, and hold instead more eurobonds associated with a euro-wide risk

parameter, with hence a lesser impact of the interest rate on T-bills on the leverage ratio, and thus
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the lender’s risk, of banks. Again, for the model presented in this paper we relied on the issuance
scheme featured in Duwicquet et al. (2016, 2018) which does not relate to a specific eurobonds
proposition, although introducing instead an issuance structure linked to existing proposals in later
versions of the model would be of significant interest. Nevertheless, these early results suggest that
the introduction of eurobonds would have beneficial effects for the Eurozone’s financial sector and
should, if political oppositions inside the Eurozone can be overcome, be implemented, especially

as the Eurozone faces a new crisis with the Coronavirus pandemic.

Further extensions of the model would thus include the introduction of clearer credit rationing
dynamics, with the risk assessment of banks impacting both the quantity of loans supplied and
the interest rate on these loans, a redesign of the banking sector and of its balance sheet structure,
with banks holding a variety of public debt assets of different type, maturity and risk, and the
introduction of existing eurobonds issuance scheme in the scenarios of the model, with the possible
addition of other monetary policies, such as the repurchasing by the central bank of the eurobonds

issued.

Overall, the inquiry presented here has reinforced our opinion that significant work remains and

deserve to be done on this matter, to which we hope this development can be of some use.

16242 words
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9 Appendix

Main parameters used for the simulations

Main parameters
Investment made by firms N S
kon kog Autonomous component 0.057356 0.055
kin kg Marginal impact of firm’s profit 0.525000 0.525000
kon ko Accelerator effect 0 0
k3n k3 Marginal impact of firms’ indebtedness 0.1 0.1
kann | kg Marginal impact of rate on loans granted by banks 0.375 0.375
kqen kans Marginal impact of rate on loans granted by banks 0.125 0.025
on on Rate of depreciation 0.05 0.05
External trade N S
Hon KOs Autonomous component -3.00234009 | -1.39290218
Uin Ui Income elasticity 1 1
€ Financial openness parameter 0.24835
Consumption N S
ajn ajs Marginal propensity to consume out of disposable income 0.75 0.75
ary ary Marginal propensity to consume out of wealth 0.04 0.04
Cash held by households N S
Aon Aos Cash to consumption ratio 0.15 0.15
Rate of interest on T-bills and eurobonds
s Risk premium on T-bills of country S 0
a0e Autonomous component 0.013
aje Marginal impact of supply of T-bills in percent of GDP 0.03
Correction for risk factor in BLR N S
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Yriskn | Vrisks Impact of rate of interest parameter 1 4
Lender’s risk components
o Marginal effect of leverage of firms 1
p3 Marginal effect of banks’ leverage ratio 0.02
P4 Marginal effect of Tobin’s Q 0.05
p6 Marginal effect of interest rate on CB advances 1.5
Rate of interest on public bonds and loans
a Marginal impact of the rate on T-bills 0.01
High Powered Money (HPM) N S
Ag Ag HPM-bank deposit ratio 0.05 0.05
mpp Banks margin 0.005
Tax rates N S
Opn Ops Banks 0.175730 0.175730
% O Personal income tax 0.127700 0.125107
sfn sfs Rate of undistributed firm’s profit 0.419112 0.419112
on Oy Rate of undistributed bank’s profit 0.35 0.35
On Qs Wage share 0.645719 0.645719
Demand of bonds by households
VOnnb Autonomous demand 0.086773
Vinnb Marginal impact of rate on country N bonds 0.1
Vounb Marginal impact of rate on country S bonds 2.0
V3unb Marginal impact of rate on bank deposits 0.2
Vdnnb Marginal impact of rate of return on country N equities 0.1
V5unb Marginal impact of rate of return on country S equities 0.1
VOnsb Autonomous demand 0.046773
Vinsh Marginal impact of rate on country N bonds 0.1

67



Voush Marginal impact of rate on country S bonds 2.0
V3nsh Marginal impact of rate on bank deposits 0.2
Vdnsh Marginal impact of rate of return on country N equities 0.1
V5ush Marginal impact of rate of return on country S equities 0.1
VOssh Autonomous demand 0.08264
V]ssh Marginal impact of rate on country N bonds 0.1
Voesh Marginal impact of rate on country S bonds 2.0
V3esh Marginal impact of rate on bank deposits 0.2
V4ssb Marginal impact of rate of return on country N equities 0.1
V5esh Marginal impact of rate of return on country S equities 0.1
VOsnb Autonomous demand 0.059591
Visnb Marginal impact of rate on country N bonds 0.1
Vosnb Marginal impact of rate on country S bonds 2.0
V3snb Marginal impact of rate on bank deposits 0.2
Vdsnb Marginal impact of rate of return on country N equities 0.1
VSsnb Marginal impact of rate of return on country S equities 0.1
Demand of equities by households

VOnne Autonomous demand 0.476411
Vinne Marginal impact of rate on country N bonds 0.001
Vonne Marginal impact of rate on country S bonds 0.01
V3nne Marginal impact of rate on bank deposits 0.2
Vdnne Marginal impact of rate of return on country N equities 0.02
VSnne Marginal impact of rate of return on country S equities 0.02
VOnse Autonomous demand 0.213072
Vinse Marginal impact of rate on country N bonds 0.001
Vonse Marginal impact of rate on country S bonds 0.01
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V3nse Marginal impact of rate on bank deposits 0.2
Vdnse Marginal impact of rate of return on country N equities 0.02
Vinse Marginal impact of rate of return on country S equities 0.02
VOsse Autonomous demand 0.624967
V]sse Marginal impact of rate on country N bonds 0.001
V2sse Marginal impact of rate on country S bonds 0.01
V3gse Marginal impact of rate on bank deposits 0.2
Vdsse Marginal impact of rate of return on country N equities 0.02
Visse Marginal impact of rate of return on country S equities 0.02
VOsne Autonomous demand 0.031492
V]sne Marginal impact of rate on country N bonds 0.001
Vosne Marginal impact of rate on country S bonds 0.01
V3sne Marginal impact of rate on bank deposits 0.2
Vdsne Marginal impact of rate of return on country N equities 0.02
Visne Marginal impact of rate of return on country S equities 0.02
Demand of equities by firms
fonn Autonomous demand 0.210210
finn Marginal impact of rate of return on country N equities 0.2
Fonn Marginal impact of rate of return on country S equities 0.2
f3nn Marginal impact of firms’ profit 0.6
Sfons Autonomous demand 0.072521
fIns Marginal impact of rate of return on country S equities 0.2
fons Marginal impact of rate of return on country N equities 0.2
f3ns Marginal impact of firms’ profit 0.6
Sf0oss Autonomous demand 0.274680
flIss Marginal impact of rate of return on country S equities 0.2
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foss Marginal impact of rate of return on country N equities 0.2

355 Marginal impact of firms’ profit 0.6

fosn Autonomous demand 0.020855

flsn Marginal impact of rate of return on country N equities 0.2

fosn Marginal impact of rate of return on country S equities 0.2

f3sn Marginal impact of firms’ profit 0.6

Price of firms’ equities N S
Oon Og Growth rate 1.003 1.003
Government expenditures
dge] Growth rate 1.018
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List of variables

Variable Name
Endogenous variables
yn.ys National income in real term
ydhy,ydhg Real disposable income
yhy,yhg Haig-Simons real disposable income
thts Personal income tax
cn,Cs Households consumption
bdy,bdg Bank deposits held by households
cghp,cghyg Households capital gains
vhy,vhg Households wealth
b Demand of public bonds by households (for bonds and equities, the subscript
corresponds to the country where the demand is originating, and the superscript the
origin country of the asset)
eh Demand of equities by households
ee Demand of equities by firms
hhy, hhg Cash held by households
Upp, ups Firms’ retained earnings
8n> 8s Accumulation rate
invy, invg Investment made by firms
kn, kg Firms’ fixed capital stock
In, Is Loans demanded to private banks by firms
bly, blg Loans supplied by private banks to firms
rey, res Rate of return on equities
en, es Number of equities
Vi, Vs Firms’ wealth
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cgen, cgeg Firms’ capital gains
wn, Wy Wage share
divy, divg Dividends distributed by firms
dive Dividends distributed to firms
divh Dividends distributed to households
bty, bt Treasury bills held by banks
by, bg Bonds held by households
pbn, pbg Prices of bonds held by households
dp, dg Public debt
bpn, bps Banks’ profit
thy, tbg Taxes on banks
fn, 1fs Central banks advances made to private banks
hy, hg Cash held by private banks
h High Powered Money (HPM)
vby, vbg Private banks’ wealth

teb, teby, tebg

Taxes on CB advances made to private banks

imy, img Imports
*n, Xs Exports
id Interest rate on banks deposits
LR Lender’s risk
BLR Bank leverage ratio
BLR! Targeted bank leverage ratio
q Tobin’s Q

lev Leverage of firms
lev© Conventional leverage of firms

bte, btey, bteg

Eurobonds
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reuro Interest rate on Eurobonds
Exogenous variables
fn, I's Interest rate on treasury bills
rby, rbg Interest rate on public bonds
rly, rlg Interest rates on loans
gnn, 8hs National government expenditures
pen, pes Price of equities
mop Private banks’ margin on banks deposit
ib Interest rate on central bank advances

The complete model

Income

Yn = Cn+invy + gh + X, — imy, (1)
Vs = s+ invg + g5 + x5 — img 2
Real disposable income
ydh, = wy+id xbd,(—1) 4 divh) 4+ divh) + bp, x (1 — 8n) —t, 3)
ydhy = wg +id x bds(—1) + divh + divh +bpg * (1 — 8ps) — 1, 4)

Imports
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log(imy,) = ton+ Ui,log(yn)

log(img) = Hos+ Wislog(ys)

Exports

X, = img

Xg = imy,

Haig-Simons disposable income

Yhy = ydhy +cghy,

yhs = ydhg + cghg

Personal income tax

th = Oplwp +id xbd,(—1) +bp, * (1 — &pn) + b + b, + divh), + divh))]

ty = O5[ws +id xbds(—1) + bps* (1 — &pn) + b3 + bl + divh; + divh?]

Households consumption

Cpn = apy + arpyhn, + aZthn(_ 1)

(&)

(6)

(7

®)

©)

(10)

(11)

(12)

(13)

74



Cs = aps +arsyhs + a2ths(_ 1)

Cash held by households

hhy, = Aocy,

hhs = Aocs

Demand for equities by households

ehl, = ([(vonne — viuprby — Vonuprbs — vanne x id + vannere, — vsnneres)vhy|) /(pen)

eh, = ([(vonse — Viusprbs — Vonsprby — vanne xid — vansere, + vsnseres)vhy|) / (pes)

ehi = ([(vosse — vissprbs — Vossprby — vanne xid — vassere, +vsssereg)vh|) / ( pes)

eh’! = ([(vosne — viguprby — vagnprbs — vanne x id + vysnere, — vssneres)vh|) /(pen)

Demand for public bonds by households

bt — [(VOnnb + Vlnnbrbn - V2nnbrbs - V3nnbid — Vapnplen — VSnnbres)th]
n pbn

(14)

(15)

(16)

(17)

(18)

19)

(20)

1)
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b — [(V()nsb + Vinshbs — Vonsp by — Vapspid — Vayspre, — VSnsbres)th] (22)
S
pbs

b — [(VOssb + VisspTbs — VasspTbpn — V3sspid — Vagspren — V5ssbr€s)Vhs]

23
s b, (23)
bt — [(VOS}’lb + Vlsnbrbn - V2snbrbs - V3snbid — V4snblen — VSSnbres)Vhs] (24)
S pbn
Variations of bank deposits held by households
Abd, = ydhy, — ¢, — pby x Ab), — pbs x Ab), — pe,, * Aeh, — peg * Aeh,, — Ahhy, (25)
Abdg = ydhg — cs — pby x Ab — pbs x Ab — pes x Ael) — pey, x Aehly — Ahhy (26)
Households wealth
vhy, = bd, + pb,, * b}, + pbs x b) + pe, x Aeh, + pes x Aeh,, + hhy, (27)
vhg = bds + pby, x bl + pbs x b + pes * Aeh: + pey, * Aeh', + hhy (28)
Households capital gains
cghy = Apb, x b),(—1) 4+ Apby b} (—1) + Ape, x eh),(—1) 4+ Apes x eh) (—1) (29)
cghs = Apb, x bl (—1) + Apbs b} (—1) + Ape,, x ehly (—1) + Apeg x ehi(—1) (30)
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Retained earnings

upn = [yn — wn — rlybly(—1) — rlgbls (— 1) — div, + divel, + dive) |

ups = [ys —ws — rlsbli(—1) — rl,bl; (— 1) — divs + dive] + dive’]

Accumulation rate

upn(—l) (Ayn) bln(_l) n n

=k k k —k — kapnrl] — kagnrl
8n ontKin kn(—Z) + 2nyn(_1) 3n kn(—l) 4nntly, 4snllg
B ups(—1) (Ayy)  bl(=1) s

8s = kOs"‘kls ks<_2) +k2sys(_1) k3s ks(—l) k4ssrls k4nsrln

Investment (desired)

ind, = gnkn(—1)

inds = gsks(—1)

Investment (restricted)

inr, = Abl, + up, + pey x Ae, — pey, x Aeelr — pes x Aee,

inrs = Ablg+ ups + pes x Aes — pey, x Aeey — peg * Aee;

Investment realised

3D

(32)

(33)

(34)

(35)

(36)

(37)

(38)
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inv, = inry 39)

invg = inrg (40)

Variations of firms’ fixed capital stock
Ak, = invy, — Opkn(—1) (41)
Aks = invg — Oskg(—1) 42)

Loans (demanded)

Iy = bly(—1) + invy, — up, — pepAey, + pepAee), + pesAee;, (43)
Iy = bls(—1) + invg — ups — pesAes + pesAees + pe,Aee’s (44)
Al = Al, — Al (45)
Al = Al — Al (46)
Ii=0 (47)
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Demand for equities by firms

. |(finnre, — fannres+ fynn(upy)/ (ko (—1)) + fonn)(k, + peneel + pesees)]

I} = €xl;

ee, =

s |(finsres— fansre, + fins(upy)/(kn(—1)) + fons)(kn, + peneels + pesees))]

pén

ee, =

o _ [(fisnre, — fasnres+ fasn(ups) [ (ks(=1)) + fosn) (ks + penees + pesees)]

pes

ee; =

s _ [(fissres — fassren + fass(ups) [ (ks(=1)) + foss) (ks + pencel + pesees)]

peén

ee, =

Prices of equities

Rate of return of equities

pés

Pén = anen(_U

pes = ogpeg(—1)

Apey, div,
re;, =
" pen(—1) ~ pen(—1)e,(—1)
Apes divg
reg =
Pes(_l) Pes(_1)€S(_1)

(48)

(49)

(50)

(5D

(52)

(53)

(54)

(55)

(56)
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Number of equities

e, = eh), + ee, + el + ee’;

ey = eh;, + ee, + eh; + ee;

Dividends distributed by firms

divy = (1 —=5sf)[yn(—1) =wn(—=1) — rl,bl; (—2) — ribl} (—2)]

divy = (1 —sf)[ys(—1) —=ws(—1) — rlbl5(=2) — ri,bl;, (—2)]

dive), = divy( eenZ((_—ll)) )
divh! = divy( e:i(__ll)) )
divel! = divy( e;?((__ll)) )
divh! = divy( e:: ?((__11)) )
dive; = divs( e:f((__ll)) )

(57)

(58)

(59)

(60)

(61)

(62)

(63)

(64)

(65)
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eh3(~1)

divh® = di
ivh ivs( (1)

)

eh;(—1)
es(—1)

divhy = divg( )

Firms’ capital gains

cgen = Apepeen(—1) + Apegee) (—1)

cges = Apeyee (—1) + Apegees(—1)

Firms wealth

v = kn + pepee) + pegee, — bl,, — peyey,

vy = ks + pepeel + pesee; — blg — peses

Wage share

Wn =T0Yn

Ws =T0)Ys

(66)

(67)

(68)

(69)

(70)

(71)

(72)

(73)

(74)
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Cash held by banks

hy = Anbd,

hs = Asbd

Interest rate on deposits

id = ib—myb

Interest rate on loans

rly=rly(—1)x (1 —a)+axr,(—1)

rly=rls(=1)x(1—a)+axry(—1)

Banks’ profits

bpn = (1= Opy) [rlyb1 (—1) + rlybly, (— 1) + rybty (—1) + ribt, (—1)

—id.bdy(—1) — ib.r fy(—1)]

bps = (1 — Opy)[rLbI5(—1) + rsbty (—1) + rpbty (—1) — id.bds(—1) — ib.rfs(—1)]

Banks’ net wealth

(75)

(76)

(77)

(78)

(79)

(80)

(81)
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Vb = Iy + bI' + bIS + bt" + bt — rf;, — bd,

Change in bank’s wealth

Avb,, = Snxbp,

Avbg = 85 x bpy

Taxes on banks

1hy = Opp[rlubl" (—1) 4 rlblS (—1) + rybt™ (—1) + rebtS (—1)

—id.bdy(—1) — ib.r fy(—1)]

thy = Ops[rlsbli(—1) + bty (—1) +rpbty (—1) —id.bdy(—1) — ib.r fs(—1)]

Central bank advances made to private banks

Arfy = Ahy + AbI™ 4 AL + Abt" + AbtS — bp, — Abd,,

Arfy = Ahg + AbIS + AbtS — bps — Abd,

(82)

(83)

(84)

(85)

(86)

(87)

(88)

(89)
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National government expenditure

8ny = agglgnn(_l) (90)

8Nng :agglgns(_l) 1)

Issuance of Treasury bills and eurobonds

dn
If — < 60% then

n

Abt, = (gt + rpbt,(—1) + by(—1) —t,, — tb, — teb, — pb,Aby) + reuro.bte,(—1) (92)

d
If = < 60% then
Vs

Abty = (g5 + rebts(—1) +bg(—1) —ty — thy — tebs — pbsAby) + reuro.bteg(—1) (93)

d
If =2 > 60% then
Yn

Abte, = (gz —I—rnbtn(—l) +bn(—1) —1t, —th, —teb, _pbnAbn) (%94)

d
If = > 60% then
Vs

Abteg = (g5 +rsbts(—1) +bs(—1) —t; —ths — tebs — pbsAby) (95)
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bte = bte, + bteg (96)

Interest rate on eurobonds

bte

reuro = dg, +aje(—) O7)
e

T-bills issued by * held by banks *
Abt;, = Abty, (98)
Abt] = Abt; — Abt, (99)

T-bills issued by * held by banks °
bt! =0 (100)
bty = (a1ns’s — Q2nsTn)Yn (101)

Rates on T-bills

rh=r (102)
rs:rn+er (103)

Variations in public bonds
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Prices of bonds

Rates on bonds

Public debt

High-powered money

Aby, = Ab!' + Ab"

Aby = AbS + A,

rby = rb,(—1)* (1 —a)+axr,(—1)

rbg(—1)* (1 —a)+axr,(—1)

dy = bty + pbnbn

ds = bty + pbsby

h = hhy, + hhg + hy, + hg

(104)

(105)

(106)

(107)

(108)

(109)

(110)

(111)

(112)
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Taxes on Central bank advances made to private banks

teb = ib[rf,(—1)+rf;(—1)]

Yn
teb, =teb
n ( n +ys)

Vs
tebs = teb
’ (yn +)’s)

Net value of central bank (not to be written)

AH = Arf, + Ar f;

Lender’s risk (loans)

LR" = py(leva(—1) — 1ev) + p3(BLRy(—1) — BLR.) — pa.gu(—1) + pe.ib

LRZ = pl(levs(—l) — levg) +p3 (BLRn(—l) —BLR;) - p4.qs(—l) —|—p6.ib

LR = p1(levs(—1) — levS) + p3(BLRs(—1) — BLR.) — p4.q5(—1) + pe.ib

Loans actually provided by banks

Abl, = Al,(1 — LR")

Ably = AI(1—LR) + Al (1 — LRY)

(113)

(114)

(115)

(116)

(117)

(118)

(119)

(120)
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which gives

Ably = Aly[(1—€)(1 —LR%) +&(1 — LR®)] (121)

Bank leverage ratio (revised for risk of Treasury bills)

BIR. — Total assets _ h, + bl +blS + bt] 4 bt;) (122)
" Net wealth o f banks  vb, — bt .risk, — bt} .risk; — bte,.risk,
BLR, — Total assets _ hy -l-.blg + bt} . (123)
Net wealth of banks  vbs — bt$.risks — bety.risk,
Risk parameter associated to Treasury bills
risk, = rn(l + Yriskn) (124)
risks = rs(1+ Vrisks) (125)
riske = reuro(1 + Yriske) (126)
Leverage ratio of firms
lev, = (bl /ky) (127)
levy = (bl /ks) (128)
Tobin’s Q
qn = penen/kn (129)
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Hidden equation

qs = peses/ks

H 0 H TH 0 H_1 H_TH_1 H2 1  H_TH2_1
1 77.58625  77.58625  77.58625  77.58625  77.58625  77.58625
2 77.58625  77.58625  77.58625  77.58625  82.26263  82.26263
3 82.44558  82.44558 8244558  82.44558  83.71206  83.71206
4 83.95924  83.95924  83.95024  83.95024  B85.26466  85.26466
5 85.55425  85.55425  85.55425 8555425  B86.81967  86.81967
6 87.13829  87.13829  87.34773  87.34773  88.36258  88.36258
7 88.73986  88.73986  88.09608  88.99608  90.00638  90.00638
8 90.37831 90.37831 9075222  90.75222  91.69299  91.69299
9 92.06140  92.06140 9257235 9257235  93.42823  93.42823
10 93.79146  93.79146  94.13627  94.13627  95.26249  95.26249
1 9556918  95.56918  95.94405 9594405  97.06813  97.06813
12 97.39400  97.39490  97.75460  97.75460  98.91501  98.91501
13 99.26888  99.26888  99.62390  99.62390  100.8080  100.8080
14 101.1914  101.1914 1015440  101.5440 1027503  102.7503
15 103.1626  103.1626  103.5139  103.5139  104.7434  104.7434
16 105.1828 1051828 1055334 1055334  106.7880  106.7880
17 107.2521 107.2521 107.6028  107.6028  108.8845  108.8845
18 109.3705  109.3705  109.7223  109.7223  111.0334  111.0334
19 1115382  111.5382  111.8921 111.8921 1132348  113.2348
20 113.7549  113.7549 1141123 1141123 1154894  115.4804
21 116.0208  116.0208  116.3830  116.3830  117.7973  117.7973
22 118.3354  118.3354  118.7043  118.7043  120.1588  120.1588
23 120.6987  120.6987  121.0761 121.0761 1225744  122.5744
24 123.1101 123.1101 123.4984 1234984 1250442  125.0442
25 1255690 1255690 1259711 125.9711 127.5685  127.5685
26 128.0748  128.0748  128.4942  128.4942  130.1475  130.1475
27 130.6264  130.6264  131.0672  131.0672 1327816  132.7816
28 133.2226  133.2226  133.6901 133.6901 135.4709 1354709
29 135.8615  135.8615  136.3624  136.3624 1382156  138.2156
30 138.5407  138.5407  139.0837  139.0837  141.0160  141.0160

(130)

Source: Author’s own calculations.

H_0 and H_TH_O corresponds to the baseline scenario, H_1 and H_TH_1 to scenario 1, and H2_1

and H TH2 1 to scenario 2.

89



Table Al. The balance sheet matrix

Country N Country S
Households | Firms Government Banks Federal ECB Households | Firms Government Banks -
Budget -
Capital +, +k, +k

Deposits +bd, “bd, +bd, “bd, 0
Cash +hh, +h, -h +hh; +h; 0
. -bl, +bI", 0

Credit
+bF, -bl, +bl, 0
Reserves -rf, ot -, 0
+pbnb”n 'pbnbn +pbnb”s 0

Bonds
+pbsbsn +pbsbss 'pbsbs 0
Eurobonds +bte, -bte, +bte, 0
. 'btn +bt”n 0

Thbills
+br, -br, +bF, 0
pre”eh”” +p€”€€”” +pe”e]?”5 +pel?ee”.? 0
-Pe,e, 0

Equities

+peeh®, +pe.ee, +pe.eh’, +pe.ee’, 0
-pe.e; 0
Wealth -vh, -v, -d, -vb, -de, -vh, -V, -d, -vb, -k
z 0 0 0 0 0 0 0 0 0 0 0
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Table A2. The transaction flow matrix

Country N Country S
Household | Firms Govern Banks Federal ECB Househol | Firms Government Banks <
S ment Budget ds =
GoodsN -cn Ty n -inv_n -gn n X _nTinn 0
Goods S -x s+im_s -c. s +y.s -inv_s -gn_s 0
Wages swon -w_n s s -W_s 0
Interest on -rl_s_s(-
-1l n nf- +rl n n(- ==
- — 1)*bl - -1)*
loans D*bl_n 1)*bl n_n ) ES_S( +rl(-1)*bl_s
0
+rl n_s(- -rl_n_s-
T 1)*bl -
1)*bl n_s Ij st
+ id(-
Interest on 1 *bij(” ‘ - id(- + id(- - id(- 0
deposits 1)7 1)*bd n(-1) 1)*bd _s(-1) 1)*bd s(-1)
Interest on BL +ib(- - ib(-
refinancing - or )j)rf—”' D*(rf n(-1) D% s(-1) 0
+1f s(-1)) -
+ a
b_;r)_ﬁ( b n(-1) +b s n(-1) 0
Interest on
Bonds
+b n_s(-1) +b s s(-1) -b s(-1) 0
-r nf- +r n(-
— e -F_s(- +r_s(-
1)*bt_nf- 1) "br_.??_n(— 1)*bt s _s(-1) 1)*bt s _s(-1)
Interest on ) 1) 0
T-bills +r (- .
e -F_s(-
1) kbirj}LS(- 1)*bt n_s(-1)
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Table A2. Continued

Country N Country S
Househol | Firms Governme | Banks Federal | ECB Househo | Firms Governm | Banks «
ds nt Budget 1ds ent -
Dividends +dive_ g o
nn divh_ +dive_ s n Fdivh_s_ 0
-div_n n_n n
o +civh +dive n_ s +divh_s
dive n_ T o 0
; n_s -div_s 5
-t n +f n -fs +f s 0
Tax +th n -th n +th s -th_s 0
-tf n +tf n -tf s +tf s 0
-up n | tup n -up_S +up s 0
Profit
+ # + # + # + #
b{)—” .'(] -bp_n ffp_?? b{)_s ( -bp s pr_s 0
-0 bn) - d bn 1-6 bs) - 0 bs
Deposits -Abd n +Abd n -Abd s +4bd 5 | 0
Currency -Ahh n -Ah n +4h -Ahh s -Ah s 0
+Abl_ bl TAbl s Ablss | 0
n - 5 -
Loans
-Abl n_s AbLn_ 0
— = 5
Refinancing +4 P’f N -A F‘f +4 ?’f _S 0
pb n*4b n +pb n*Ab n pb n*4b s 0
1l 4
Bonds — —
pb_s*4b n pb s*4b s P bfj b 0
§ 5
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Table A2. Continued

Country N Country S
Househol | Firms Governme | Banks Federal | ECB Househo | Firms Governm | Banks <
ds nt Budget 1ds ent -
+4bt n -Abt n_n +bt 5 s -bt s s 0
Treasury
Bills -Abt n_s +bt n s 0
pe_n* i i i
dee_n_ pe_n*de pe_n*de pe_n*de 0
" bnn e s n bsn
+tpe_n - - -
Equities e n
- - _pe_s*4 )
. . ee_s s *
pe_s*A pe_s*le pe 54 pe s*Aeb 0
ee n s bns s 5
. . e s S
b 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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