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Abstract
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a vulnerable member state characterized by a trilemma of high public debt,

weak banks, and deteriorating competitiveness. We compare macroeconomic

adjustment under continued membership with two exit scenarios that intro-

duce flexible exchange rates and autonomous monetary policy. An exit with

stable investor expectations could significantly dampen the short-run impact.

Stabilization is achieved by a targeted monetary expansion combined with

depreciation. However, investor panic may lead to escalation, aggravate the

recession and delay the recovery.
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1 Introduction

The global financial crisis revealed large imbalances in the Eurozone. The banking sector

in several countries was highly leveraged and had a large share of non-performing loans.

This impaired banks’ ability to absorb shocks, requiring government support in many

cases. With rising public debt, doubts emerged about fiscal stability, leading to higher

risk premia and rising borrowing costs. In addition, some countries in the Eurozone

periphery had gradually lost competitiveness in the pre-crisis boom during the early 2000s

and experienced stagnant growth thereafter. High public debt constrains the role of the

fiscal budget in stabilizing the economy during a recession. Instead of providing fiscal

relief, governments may be forced to pursue consolidation.

One prominent example of this Eurozone trilemma of high public debt, weakened

banks, and stagnant growth is Italy: First, public debt already accounted for 130 percent

of GDP prior to the Covid-19 crisis. While it had remained stable at around 100 percent of

GDP between the late 1990s and 2008, the financial crisis led to a surge in the public debt

ratio. Second, Italian banks suffered from non-performing loans. Their share increased

from six to 16 percent between 2006 and 2013 (Schivardi et al., 2021) but is declining

since then. In addition, banks hold large amounts of domestic sovereign bonds, more than

11 percent of bank assets in 2017 by ECB data, which exposes them to sovereign risk.

Third, the Italian economy has long suffered from sluggish growth. In 2017, real GDP per

capita was virtually the same as in 2000. An important reason is stagnant or declining

labor productivity since the 1990s, which contributed to rising unit labor costs.

The present paper develops a quantitative model of the Eurozone trilemma and ana-

lyzes a fundamental policy choice of a member state which experiences a local recession.

We proceed in two steps: First, we examine the consequences of financial and fiscal shocks

like an increase in non-performing loans or fiscal consolidation, which mirror key aspects

of the financial and Eurozone debt crises. Second, we ask whether a vulnerable member

state with large public debt, weak banks, and deteriorating competitiveness could benefit

from removing the restrictions of the currency union and pursuing an autonomous mon-
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etary policy tailored to its domestic needs. Evidence by Terzi (2020) suggests that the

lack of independent monetary policy explains 25 percent of the overly recessionary char-

acter of macroeconomic adjustment in the Eurozone periphery (2010-15). In this spirit,

we analyze the counterfactual exit of the home economy from the monetary union when

experiencing a severe local recession. Thereby, the country switches from centralized to

autonomous monetary policy with flexible exchange rates. Given the large uncertainty

about how such an exit might unfold, we consider different scenarios and compare the

performance of the home economy between them.

For that purpose, we propose a New Keynesian dynamic stochastic general equilibrium

(DSGE) model with three regions: a Eurozone member state (Italy), the rest of the

Eurozone, and the rest of the world. The focus is on the domestic economy; the other two

regions are intentionally kept stylized but are linked with trade and capital flows. The

key nominal rigidity is wage stickiness.

A major contribution of the model is that it captures three reinforcing drivers of the

Eurozone crisis. First of all, firms finance risky investments with bank loans. Bankruptcy

shocks provide a micro-foundation of non-performing loans that may create bank losses.

Furthermore, banks are exposed to sovereign risk as they hold large amounts of long-term

government bonds with fluctuating prices. Losses on bond holdings erode bank equity

and impair the lending capacity. The model eventually includes fiscal consolidation rules

in the spirit of the Maastricht criteria. The need to consolidate public debt may slow

growth, for instance, due to increased tax distortions or reduced productive spending,

and may constrain fiscal interventions in a crisis.

We derive two sets of results that offer a number of novel insights. First using im-

pulse response analysis, we quantify the power of the contagious effects between banks,

governments, and the real economy. Specifically, a one-time shock to bankruptcy rates

in the real sector leading to an increase in the non-performing loan (NPL) ratio by three

percentage points reduces bank credit by roughly four percent and causes a drop in GDP

of about 1.75% below trend, after 8 to 10 quarters. Likewise, banks may be strongly af-
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fected by fiscal problems (sovereign-bank nexus). A sudden increase in the risk premium

on sovereign bonds by four percentage points reduces their market value by about 10%.

These losses erode bank equity and thereby restrict lending and investment. Ultimately,

GDP falls by about one percentage point. The need to pursue fiscal consolidation also

affects the real sector. We show how a substantial jump in public debt after a spending

shock requires subsequent tax increases and spending cuts to satisfy ‘Maastricht-type’

fiscal rules. Higher distortionary taxes and lower productive spending tend to slow down

GDP growth. Finally, we quantify how much autonomous monetary policy, targeted to

national rather than union-wide aggregates, can contribute to the stabilization of the local

economy, although at the cost of higher inflation variance.

Second, an exit from the monetary union may allow a vulnerable member state to

reduce output losses from an asymmetric recession, which causes domestic output to

contract - in our scenario - by about 9% below trend. It also accelerates the recovery.

Compared to a ’remain scenario’, the domestic monetary expansion implemented by an

autonomous national central bank is roughly five times larger. Together with the induced

devaluation of the new domestic currency, this significantly lowers the output costs of

the recession. In the presence of nominal wage rigidity, more inflation reduces real wages

and dampens the short-run contraction. Depreciation offsets the effects of rising domestic

prices on international competitiveness and thereby protects export performance.

Such a ’benign exit scenario’ appears unrealistic. Whether forced or by accident,

the exit of a vulnerable member state likely involves severe short-run disruptions. For

instance, investors are concerned about the solvency of banks, the sovereign, and large

parts of the real economy and charge higher risk premia. We therefore study an ’escalating

scenario’ accompanied by investor panic that causes a surge in borrowing costs of banks

and the government upon the exit; these additional shocks are largely consistent with

the movement on sovereign bond yields surrounding the discussion about the haircut on

privately owned Greek sovereign debt (Oct. 2010 - Apr. 2012). This eliminates any short-

term gains from a benign exit and reinforces the output recession. The rising factor prices
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magnify the increase in domestic prices coupled with a larger exchange rate devaluation.

Inflation stabilizes employment in the short run but at the cost of a much larger real wage

decline. Our model indicates that an escalating exit leads to higher and longer-lasting

income losses than a recession within the currency union.

The Eurozone literatureis large and mostly relates to specific aspects of the crisis.

Closest is the research by Gourinchas et al. (2016) and Chodorow-Reich et al. (2019),

who suggest an open economy DSGE model to explain the evolution of the Greek economy

during the crisis. Martin and Philippon (2017) develop a stylized two-country model to

analyze the contrasting behavior of periphery and core countries. They include amplifying

feedback mechanisms in reduced form. Unlike these papers, we include a full fledged

banking sector with a balance sheet constraint which amplifies non-performing loan shocks

and price risks of long-term sovereign bonds. This is key for the transmission of financial

and fiscal shocks and for the emergence of vicious loops. Moreover, we consider exit

scenarios modeled as complete regime shifts, that is, moving from fixed to flexible exchange

rates and from centralized to autonomous monetary policy. In studying the consequences

of a currency peg, Schmitt-Grohe and Uribe (2016) show how downward wage rigidity and

free capital mobility cause over-borrowing in booms and unemployment during recessions,

resembling key aspects of the Eurozone crisis.

The importance of such expectations is one reason why we model shocks to risk premia

in our ‘escalating exit’ scenario. The literature on public debt crises (e.g., Calvo, 1988;

Cole and Kehoe, 2000; Ayres et al., 2018) emphasizes the role of investor expectations

in models with multiple equilibria. Sudden shifts in investor confidence can thus quite

dramatically alter risk premia on government bonds and may even trigger a self-fulfilling

debt crisis. This motivates the shock the sovereign risk premium considered here. Our

analysis of an exit from the monetary union connects to Kriwoluzky et al. (2019). They

focus on exit expectations during a sovereign debt crisis, which contribute to rising interest

rates for public and private borrowers prior to an exit, thereby reinforcing the debt crisis

and depressing economic activity.
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While existing research mostly focuses on specific aspects of the Eurozone crisis, the

present paper is more encompassing and highlights the reinforcing, mutual interactions of

high public debt, weak banks, and deteriorating competitiveness, as described by Sham-

baugh (2012). Empirical research documents the importance of these three reinforcing

drivers of the Eurozone crisis: First, a systemic banking crisis entails severe macroeco-

nomic costs. Laeven and Valencia (2012), for example, estimate a 32 percent median

cumulative output loss in advanced economies. In addition, a banking crisis typically

leads to a massive increase in public debt and thus can rapidly transform into a public

debt crisis, as the Irish experience has shown (e.g., Acharya et al., 2014).

Second, a fiscal crisis undermines financial stability. European banks hold substantial

parts of domestic sovereign bonds (e.g., Acharya and Steffen, 2015; Altavilla et al., 2016;

Ongena et al., 2019). Given this exposure, a public debt crisis causes a contraction of

private credit, if banks’ bond holdings are large and they are highly leveraged (Gennaioli

et al., 2014). Bofondi et al. (2018) show that Italian banks reduced credit significantly

more during the sovereign debt crisis than foreign banks that operate in Italy.

Third, a lack of competitiveness is an obstacle to growth. This feeds back not only on

the fiscal budget but also on banks because non-performing loans tend to rise as private

defaults become more frequent. The empirical literature emphasizes the role of growth

and unemployment (e.g., Louzis et al., 2012; Salas and Saurina, 2002) or the specific

impact of recessions (Quagliariello, 2007). A large stock of non-performing loans, in turn,

weakens growth by constraining credit supply and new investment.

Our paper adds at least four novel extensions to existing research: (i) We explain

the emergence of non-performing loans by bankruptcy shocks which is a step towards

a ‘micro-foundation’ of non-performing loans. (ii) We introduce an effect of sovereign

bond prices on banks’ balance sheets, which establishes a doom loop between banks and

sovereigns. (iii) We introduce an equity channel of bank lending. Following Begenau

(2020), we model dividend inertia that slows down equity accumulation. The erosion

of bank equity restricts credit supply after large losses in a crisis. (iv) We model fiscal
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consolidation mimicking Maastricht rules. This captures the difficulty of highly indebted

countries in providing fiscal stabilization when monetary policy is centralized. We claim

that these extensions are central when analyzing an asymmetric recession in the Eurozone.

The remainder of the paper is organized as follows. Section 2 sets out the model, and

Section 3 provides the quantitative analysis. Section 4 concludes.

2 The Model

We propose a monetary DSGE model with three regions, a domestic economy (Italy), the

rest of the Eurozone (RoE), and the rest of the world (RoW). We refer to the Technical

Appendix for a complete documentation (Keuschnigg, 2022).

2.1 Firms

Firms produce output using capital and a bundle of specialized labor services. Capital

structure choice between debt (bank loans) and equity rationalizes loan demand. A styl-

ized bankruptcy process explains the origins of non-performing loans which impose losses

on banks. Output is subject to productivity shocks Zt,

Yt = ZtK
α
t−1L

1−α
t , Lt =

[∫ 1

0

L
(σ−1)/σ
jt dj

]σ/(σ−1)

, σ > 1. (1)

Minimizing wage costs gives demand for specialized labor services Ljt =
(
wLt /wjt

)σ
Lt

with a wage index wLt =
[∫ 1

0
w1−σ
jt dj

]1/(1−σ)
. Total labor cost is wLt Lt =

∫ 1

0
wjtLjtdj.

Each period, firms invest Īt new capital goods, consisting of a bundle of domestic

goods and imports. Total investment cost is P̄t(Īt + Jt), where P̄t is the price index and

Jt = ψkKt−1

(
Īt/Kt−1 − δk − st

)2
/2 are installation costs. Capital depreciates at a rate

δk + st where st are capital losses due to bankruptcy,

Kt = Īt +
(
1− δk − st

)
Kt−1, Bl

t = N l
t +

(
1− δk − st

)
Bl
t−1, (2)

st = (1− ρs)
[
s̄+ σs

(
Ȳ − Yt

)
/Ȳ

]
+ ρsst−1 + εst .
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Firms finance assets Kt partly with bank loans Bℓ
t . New loans are N l

t . Along with capital

depreciation, firms repay δkBl
t−1 of their debt. A share st of businesses faces bankruptcy

and cannot repay. We model default in reduced form and add a stochastic process of

bankruptcy rates st which is subject to shocks εst . Depending on σs, the share of non-

performing loans rises in a recession when actual output falls short of potential output,

Yt < Ȳ . Absent shocks, the NPL ratio converges to the stationary value s = s̄. When

bankruptcy occurs, banks seize capital goods stKt−1 of bankrupt firms and sell them at

a discount to limit their losses on the non-performing loans.

The debt capacity of firms is constrained to a fraction bk of total assets,

Bl
t ≤ bk · P̄tKt. (3)

Firms earn profits equal to revenue PtYt net of wages, installation cost P̄tJt and cost of

debt iltB
l
t−1 with i

l
t denoting the loan rate. They owe tax at rate τ kt . Investment spending

P̄tĪt is financed with new debt N l
t and retained earnings. Dividends are

χkt =
(
1− τ kt

) (
PtYt − P̄tJt − wLt Lt − iltB

l
t−1

)
− P̄tĪt +N l

t − δkBl
t−1. (4)

Owners require a return on equity ikt = it + θkt (it is the safe deposit rate and θkt an

equity premium). Firms choose employment, new debt and investment to maximize value,

Vt = maxĪt,N l
t ,Lt

χkt + Vt+1/
(
1 + ikt

)
. Given ikt > ilt, the debt constraint binds and, by (3),

links loan demand to capital. Employment satisfies PtFL,t = wLt . Investment follows

Tobin’s Q-theory with taxes,

Īt =

[
δk + st +

Qk
t −

(
1− bk

)(
1− τ kt

)
ψk

]
·Kt−1, Qk

t ≡
λft+1(

1 + ikt
)
P̄t
. (5)

Net investment, on top of depreciated capital
(
δk + st

)
Kt−1, rises when the marginal value

of equity Qk
t exceeds marginal retained earings, 1− bk. The shadow price λft+1 measures

the expected value of equity, equal to the present value of marginal future dividends.
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2.2 Households

Households are families of size N̄ and provide full insurance to its members. They derive

utility from consuming a bundle of goods C̄t, holding real money balances M̄t = Mt/P̄t,

and supplying specialized labor of type Nj,t by member j ∈ [0, 1],

ut
(
C̄t, {Nj,t} , M̄t

)
=

[
C̄t − Φ ({Nj,t})

]1−1/σc

1− 1/σc
+m

1/σm

t

M̄
1−1/σm

t

1− 1/σm
. (6)

Total effort cost of work is Φt ≡ ϕ
−1/η
t

∫ 1

0
N

1+1/η
jt N̄dj/ (1 + 1/η), where η is the Frisch

elasticity of labor supply. Given family size N̄ , total labor supply of variety j is NjtN̄ .

To model trade flows, we consider goods that are differentiated by geographic origin

and use the same aggregator for consumption and investment demand. Composite con-

sumption C̄t =
[∑

j (s
j)

1/σr (
Cij
t

)(σr−1)/σr]σr/(σr−1)

is a basket of domestic goods Cii
t and

imports from the rest of the Eurozone Cie
t and the rest of the world Cio

t where the second

index j = {i, e, o} refers to the source country. σr is the Armington trade (substitution)

elasticity. The exchange rate eijt is defined as domestic currency per unit of foreign cur-

rency (e.g., one Euro is eijt of the domestic currency, which we refer to as ‘Lire’). Within

the currency union, the exchange rate is fixed at eiet = 1. Accordingly, prices of domestic

and import goods are Pt, P
ie
t = eiet · P e

t , and P
io
t = eiot · P o

t (with P o
t = 1 being the nu-

meraire). Goods demand is Cij
t = sj

(
P̄t/P

ij
t

)σr

C̄t, where P̄t is the consumer price index

and spending amounts to P̄tC̄t =
∑

j P
ij
t C

ij
t .

Households earn wages wjt for labor services Nj,t, pay income and consumption taxes

at rates τt and τ
c
t , and receive transfers Et, seignorage T

M
t , and capital income χAt from

all sources other than residual savings At (international bonds). The budget is

At = (1 + it−1)At−1 +

∫ 1

0

(1− τt)wjtNjtN̄dj + Et (7)

: +χAt + TMt − (Mt −Mt−1)− (1 + τ ct ) P̄tC̄t.

Households choose consumption C̄t, real money balances M̄t, and set a wage w∗
t when-

ever a new wage setting opportunity emerges (see below). Maximizing life-time utility
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V h
t = maxC̄t,M̄t,w∗

t
u
(
C̄t, {Nj,t} , M̄t

)
+ βtV

h
t+1 gives

uC̄,t = βt (1 + rt) · uC̄,t+1,
uM̄,t

uC̄,t
=

1

1 + τ ct

it
1 + it

, (8)

where uC̄,t ≡ dut/dC̄t and uM̄,t ≡ dut/dM̄t are marginal utilities. Using (7) relates

demand for real money balances M̄t = mt ·
[
1+it
it

(1 + τ ct )H
1/σc

t

]σm

to consumption and

leisure utility Ht ≡ C̄t − Φt, with σ
m governing the interest elasticity of money demand.

By the Euler equation, consumption growth and savings depend on the real interest rt,

1 + rt =
1 + it
1 + πt

, 1 + πt =

(
1 + τ ct+1

)
P̄t+1

(1 + τ ct ) P̄t
. (9)

Individuals of type j are organized in a ‘union’ and face demand Lj,t for differentiated

services as noted in (1). Unions exploit local market power. A real wage after taxes equal

to the marginal rate of substitution MRSj,t = −uNj,t
/uC̄,t would compensate for work

effort but unions can do better by restricting supply and insisting on a mark-up over

MRSj,t. In a steady state where old and new wages are the same, the real wage is

(1− τ)w∗

(1 + τ c) P̄
=

σ

σ − 1
·MRS. (10)

In the short term, nominal wages are rigid. Following Calvo (1983) and Gali (2015),

only a fraction 1 − ω of workers can set wages. The wage chosen in t is w∗
t and remains

constant until a new wage setting opportunity arrives. It equates the current real wage

with a present value of future valuations MRSt,t+i on the right-hand side of (10). Only a

fraction 1−ω of wages are re-optimized while the remaining part ω of contracts are stuck

with previously set wages as reflected in wLt−1. The wage index changes only with delay,(
wLt

)1−σ
= (1− ω) · (w∗

t )
1−σ + ω ·

(
wLt−1

)1−σ
. (11)

In a steady-state, the wage index is wL = w∗. New and old wages are equal, as in (10).

2.3 Government

The government invests in infrastructure, KG
t = Gt+(1− δg)KG

t−1, which boosts produc-

tivity Zt in (1) by Zt = (1− ρ) Z̄
(
1 + σz

(
KG
t−1 − K̄G

)
/K̄G

)
+ρZt−1+ ε

Z
t , along the lines
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of Barro (1990). In addition to spending PtGt on productive services and infrastructure,

a large part of spending consists of social transfers Et. Tax revenue Tt stems from taxing

wages, profits and consumption at rates τt, τ
k
t and τ ct , respectively. The business tax

base T kt follows from (4). We also account for revenue losses T lt from tax avoidance and

evasion, fluctuating around a given GDP share of t̄l. The primary surplus or deficit is

SGt = Tt − PtGt − Et, Tt = τt · wLt Lt + τ kt · T kt + τ ct · P̄tC̄t − T lt , (12)

PtGt = ḡ · PtYt − ξg · SGt , Et = ē · wLt Lt − ξe · SGt .

Fiscal policy targets a GDP share ḡ of productive spending, and legislates social entitle-

ments equal to a share ē of wage earnings. When fiscal consolidation requires a primary

surplus SGt , the government may enact spending cuts that contribute a share ξg and ξe

of the surplus target. The remainder is financed by scaling up tax rates. The parameters

ξe and ξg determine whether consolidation is tax or expenditure based. This connects

to research on the effectiveness of tax- versus spending-based consolidation (e.g., Alesina

et al., 2015). Higher tax rates discourage labor supply and investment and slow down

growth. Productive spending cuts impair total factor productivity.

When the government must resort to debt financing, it issues long-term bonds sold

to domestic banks and households. Each period, a bond is repaid at face value with

probability µ and continues with probability 1− µ. Expected duration is 1/µ. The bond

dividend consists of a coupon ı̄ and a repayment at face value µ. The bond price is Qt,

(1 + igt )Qt = ı̄+ µ+ (1− µ)Qt+1, BG
t = NG

t + (1− µ)BG
t−1. (13)

Investors require a return igt = it + θgt , including a sovereign risk-premium. Given a fixed

coupon rate ı̄, higher interest igt reduces bond prices Qt and the value of bond holdings.

By this channel, fiscal problems lead to contagion of banks and private investors.

The stock of bonds BG
t grows by (13). The value of new bond issues QtN

G
t and the

primary surplus SGt must finance interest expenses and debt repayment,

QtN
G
t + SGt = ı̄BG

t−1 + µBG
t−1, SGt = [̄ı+ µ+ (1− µ)Qt]B

G
t−1 −QtB

G
t . (14)
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The second equality follows from multiplying (13.ii) by the bond price and substituting

the constraint for new bond issues QtN
G
t .

Stabilizing debt requires a consolidation policy. In the spirit of the Maastricht rules,

we assume the government to target a long-run debt-to-GDP ratio b̄g, which it aims to

approach with a given speed γg. Consolidation policy thus follows

QtB
G
t = γgQtB

G
t−1 + (1− γg) b̄gPtYt, 0 < γg < 1. (15)

The value of debt converges to QBG = b̄gPY in a steady state, corresponding to the GDP

ratio b̄g. Substituting the above consolidation rule into (14.ii) specifies a certain primary

surplus SGt that the government must achieve.1 Accordingly, the necessary surplus is

larger if the government aims at achieving this target earlier (lower γg).

Depending on tax- versus spending-based consolidation, the target surplus SGt deter-

mines spending in (12). The government scales tax rates to generate the required tax

revenue Tt. The Maastricht rules, however, allow for temporary deviations and specify

rules for a ‘structural’ surplus. Consolidation policy becomes more complicated and is

shown in Appendix A.1. The logic is the same, except that temporary spending shocks

fully go into debt and are to be consolidated later on.

2.4 Banks

We model two major sources of asset risk that contribute to bank equity losses, namely,

non-performing loans (NPL) and sovereign bond holdings. Italian banks recorded one of

the highest NPL ratios in Europe after the financial crisis. They grow in a downturn and

lead to credit write-offs as in (2), and have been a key challenge in the Eurozone crisis.

Moreover, banks are major buyers of sovereign bonds, which exposes them to large

price fluctuations during a public debt crisis. We assume that banks purchase a share s̃b.

1Combine (14.ii) and (15) to eliminate QtB
G
t gives an equivalent representation of consolidation rule

by specifying a primary surplus target, SG
t = [̄ı+ µ+ (1− µ)Qt − γgQt]B

G
t−1 − (1− γg) b̄gPtYt. The

Maastricht rules indeed specify targets for the primary surplus.
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Newly acquired and total bond holdings are N g
t = s̃bNG

t and Bg
t = s̃bBG

t , respectively.

Trading results in bond turnover, Bg
t = N g

t + (1− µ− δ)Bg
t−1. Each period, a fraction µ

of sovereign bonds is paid back. Banks also sell a fraction δ at the market price Qt. This

forces them to realize gains or losses. The book value of bonds in terms of acquisition

costs is V g
t =

∑
iQt−iB

g
t−i,t. Since bonds purchased at date s < t are sold off at rate µ+δ,

they shrink by Bg
s,t = (1− µ− δ)Bg

s,t−1. The book value of bond holdings thus changes

by V g
t = QtN

g
t + (1− µ− δ)V g

t−1. For δ = 0, banks hold bonds to maturity and turnover

is very slow. For δ = 1 − µ, banks replace the entire stock of outstanding bonds each

period such that Bg
t = N g

t and V g
t = QtB

g
t . Market and book values coincide, and the

bank immediately realizes gains and losses due to fluctuating bond prices.

At the end of t, assets consist of loans Bl
t and bond holdings worth V g

t , and are financed

with equity Eb
t and deposits Dt. The balance sheet is

Eb
t +Dt = Bl

t + V g
t , Eb

t ≥ κBBl
t + κGV g

t . (16)

Bank equity grows by Eb
t = Eb

t−1 + N b
t − (δk + st)B

l
t−1 − (δ + µ)V g

t where N b
t denotes

retained earnings. Any reduction in assets due to repayment, depreciation, write-offs, or

realization of gains or losses leads to a corresponding reduction in equity.

Capital structure is largely determined by minimum capital requirements as in (16.ii).

Equity must be at least a fraction κB of loans and κG of the value of sovereign bonds

(with κG close to zero). Capital regulation limits leverage and restricts bank lending to

a multiple of its equity. Hence, variations in bank equity driven, for instance, by credit

losses or varying sovereign bond prices translate into fluctuations in credit supply.

Over time, banks accumulate equity with retained earnings, equal to inflows minus

outflows. Inflows consist of earnings on loans and bonds. Loans generate interest earn-

ings iltB
l
t−1. A part δk is repaid in full, while a share st defaults and fails to repay. By

liquidating underlying assets, banks recover a share 1− ℓt of these loans, giving revenues

of (1− ℓt) stB
l
t−1. Sovereign bond holdings yield revenue (̄ı+ µ)Bg

t−1 from coupon plus

repayment, and from selling a part δBg
t−1 at a price Qt prior to maturity. Finally, sourc-

ing new deposits adds Nd
t . Outflows are interest on deposits idt−1Dt−1, new lending N l

t ,
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bond purchases QtN
g
t and dividends χt. Using the balance sheet identity and the flow

constraint2 to replace Dt−1 and N l
t , retained earning are

N b
t =

(
ilt + (1− ℓt) st + δk − idt−1

)
Bl
t−1 + idt−1E

b
t−1

+ (̄ı+ µ+ δQt)B
g
t−1 − idt−1V

g
t−1 − χbt .

(17)

If banks need to recapitalize quickly, they can, in principle, retain a larger part of

their earnings by cutting dividends χbt . However, shareholders value steady dividends

close to a benchmark χ̄b. To capture dividend inertia, we follow Begenau (2020) and

introduce convex dividend adjustment costs, z
(
χbt
)
= 1

2
ψb

(
χbt − χ̄b

)2
, measured in units

of the investment good. Shareholders thus receive a net dividend of χbt−z
(
χbt
)
P̄t only. As

a result, banks that incurred large losses refrain from large cuts in dividend payouts, and

they build up new equity only gradually. Together with the minimum capital requirements

in (16), this tends to constrain credit supply of banks that recover from past losses.

The required return on equity is ibt = it+θ
b
t , including a premium. To maximize value,

V b
t = maxN l

t ,N
b
t
χbt − z

(
χbt
)
P̄t + V b

t+1/
(
1 + ibt

)
, managers choose new loans and retained

earnings subject to the minimum capital requirement in (16). The Technical Appendix

documents the detailed solution. Since equity is more expensive than deposits, ibt > idt ,

the regulatory constraint binds. Banks set an optimal loan interest rate

ilt = κB · ı̃bt +
(
1− κB

)
· idt−1 + ℓtst, ı̃bt ≡

(
1 + ibt

)
λbt/λ

b
t+1 − 1. (18)

The shadow price of equity λbt ≡ dV b
t /dE

b
t−1 reflects the present value of marginal divi-

dends created by an increase in retained earnings today (as in a ‘Q-theory of bank equity’).

Given dividend adjustment costs, a shortage of equity leads to a high valuation λbt today

relative to the future and thereby implies a high cost of equity ı̃bt . Higher effective funding

costs are passed on to borrowers via a higher loan rate, which is an average of the cost of

equity and deposits plus a premium ℓtst to cover credit risk.

2iltB
l
t−1 + δkBl

t−1 + (1− ℓt) stB
l
t−1 + (̄ı+ µ)Bg

t−1 + δQtB
g
t−1 + Nd

t = idt−1Dt−1 + N l
t + QtN

g
t + χb

t .

Replace Dt−1 and Nd
t using (16) and the constraint N l

t +QtN
g
t = Nd

t +N b
t gives (17).
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2.5 International Equilibrium

The domestic economy (Italy) trades with the rest of the Eurozone and the rest of the

world (RoW). Given our focus on Italy, we abstract from fiscal policy, banks, firms, and

labor in the other two regions. Furthermore, Italy borrows internationally by issuing (net)

foreign debt purchased exclusively by Eurozone investors.

The trade balance TBt is equal to the value of exports minus imports. Households

are invested in domestic equity, supply deposits to banks, hold part of government debt,

and derive income from those investments. Any residual savings (borrowing) in (7) is in

foreign bonds held by Eurozone investors, Bf
t = At. Net foreign debt, denominated in

domestic currency, pays interest it−1 and grows by

Bf
t = (1 + it−1)B

f
t−1 + TBt, TBt = PtE

x
t − P ie

t

(
Cie
t + I iet

)
− P io

t

(
Cio
t + I iot

)
. (19)

Exchange rates convert prices in foreign currency into domestic currency. As long as

the home economy is part of the Eurozone, the internal exchange rate is fixed, eiet = 1,

giving P ie
t = P e

t . With separate currencies and free capital flows, the Lire/Euro exchange

rate must adjust to satisfy a modified interest rate parity condition,

(1 + it) e
ie
t /e

ie
t+1 = (1 + iet ) θ

f
t . (20)

Following Schmitt-Grohé and Uribe (2003), we assume that the risk-premium θft on Italian

bonds rises in the foreign debt-to-GDP ratio bft . With net debt, the return on Italian bonds

(in Euros) must exceed the return iet on a Eurozone bond. The country premium is

θft =
(
1− ρf

) [
1 + γ

(
eb

f
t −b̄f − 1

)]
+ ρfθft−1 + εft , bft ≡ Bf

t / (PtYt) . (21)

In a steady state, interest and exchange rates are constant and equal to i = ie = 1/β to

support stationary consumption. The country premium vanishes, θf = 1, giving bf = b̄f .

The rest of the Eurozone (indexed by e) is stylized. GDP fluctuates around potential

output Ȳ e with an autoregressive process

Y e
t =

(
1− ρY,e

)
Ȳ e + ρY,eY e

t−1 + εY,et . (22)
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Given income P e
t Y

e
t , households choose intertemporal consumption and money demand.

Preferences are similar to (6), except that labor supply is fixed. As in (8), consumption

growth rises with higher real interest, and the demand for real money balances M̄ e
t falls

with higher nominal interest iet . With current consumption C̄e
t determined by intertem-

poral optimization, households allocate spending on home goods and imports,

P̄ e
t C̄

e
t = P e

t C
e
t + P ei

t C
ei
t + P eo

t C
eo
t , (23)

where P ei
t = P i

t /e
ie
t and P eo

t = P oeeot are Euro prices of imports from Italy and RoW.

The trade balance TBe
t = P e

t E
x,e
t −P ei

t C
ei
t −P eo

t C
eo
t and the current account are a mirror

image of (19). Italy’s net foreign debt corresponds to foreign assets of the Eurozone.

The Rest of the World (indexed by o) is modeled even simpler. The fixed endowment

of the final good serves as the numeraire, P o = 1. We thus abstract from monetary

policy in RoW and exclude savings and capital flows. Consumers simply allocate their

endowment to different goods. Demand for Italian and Eurozone exports are

Coi
t = soi ·

(
eiot /Pt

)σr
, Coe

t = soe · (eeot /P e
t )
σr . (24)

Without capital flows, trade is balanced in RoW, TBo
t = P oEx,o

t − P oe
t C

oe
t − P oi

t C
oi
t = 0.

2.6 Currency Union and Monetary Policy

We distinguish (i) monetary policy in a currency union, and (ii) autonomous monetary

policy in Italy and the rest of the Eurozone. The exchange rate eiet is fixed in a currency

union and flexible otherwise. We analyze fluctuations around a steady state with constant

money supply and zero inflation. Money demand follows Gali (2020), among others, who

combines this with alternative money supply rules. We relate money supply to the output

gap and inflation, as in Ascari and Ropele (2013) and Sargent and Surico (2011).

In a currency union, monetary policy is centralized, and money supply must accom-

modate total demand for real balances, M s,u
t = P̄tM̄t+ P̄ e

t M̄
e
t . Common monetary policy
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is based on the state of the whole union and targets inflation and output gaps,

M s,u
t = (1− ρm)ϕm,uȲ u ·

(
Ȳ u/Y u

t

)ψy

(1 + πut )
ψπ

+ ρmM s,u
t−1 + εm,ut . (25)

Actual and potential outputs are Y u
t = Yt + Y e

t and Ȳ u = Ȳ + Ȳ e. Inflation is the

growth rate of the average price level P̄ u
t = sY P̄t +

(
1− sY

)
P̄ e
t where sY is the nominal

GDP weight sY = PY/ (PY + P eY e). Money supply deviates from a normal level ϕmȲ u

to dampen short-run fluctuations. It is scaled up by a factor
(
Ȳ u/Y u

t

)ψy
> 1 if current

output is below trend, Y u
t < Ȳ u. If actual inflation exceeds the trend rate (πut > 0), money

supply is restricted by 1/ (1 + πut )
ψπ < 0. The smaller is the home economy relative to

the entire union, the weaker is the common policy response to local fluctuations.

In an autonomous regime, money markets are separate,M s
t = P̄tM̄t andM

s,e
t = P̄ e

t M̄
e
t .

Monetary policy is decentralized and tailored to local conditions,

M s
t = (1− ρm)ϕmȲ ·

(
Ȳ /Yt

)ψyi

(1 + πt)
ψπi + ρmM s

t−1 + εmt . (26)

Monetary policy in the rest of Eurozone is parallel. A Eurozone exit is a regime change

from common to separate monetary policy, and from fixed to flexible exchange rates.

3 Quantitative Analysis

We calibrate the model and estimate selected parameters and shock processes to track

past economic performance, focusing on Italy as part of the Eurozone. We use de-trended,

quarterly data such that growth and inflation rates are zero in the steady state. Model

solutions reflect deviations from long-run rates. Details on calibration and estimation

including a shock decomposition are reported in Appendix A.2 and A.3.

3.1 Impulse Responses

Economists such as Shambaugh (2012) have argued that weak competitiveness and slow

growth, high sovereign debt and banking sector risks are mutually reinforcing and desta-
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bilizing. This vulnerability could threaten the stability of the Eurozone and create exit

pressure when a country is hit by strong asymmetric shocks and a sudden loss of mar-

ket confidence. To illustrate transmission channels, we discuss impulse responses to three

shocks that could initiate a doom loop between the real sector, the government and banks.

3.1.1 Non-Performing Loans Shock

We explain non-performing loans (NPL) as a result of firm bankruptcy shocks.3 In a

bankruptcy, firms loose their entire equity capital when debt is not fully repaid, and

control of assets goes to banks. Since banks can sell the underlying assets only at a

discount, the shock creates banking sector losses. When confronted with a larger NPL

ratio, banks must raise the loan rate to account for higher credit risk, leading to higher

borrowing costs for the real sector. In addition, increased credit losses shrink bank equity

and, due to regulatory constraints, limit credit supply. As shown in Figure A3b, such

bankruptcy shocks had meaningful effects on bank lending in Italy and explain a significant

part of economic fluctuations observed during the estimation period (2000-19). Their

impact was particularly strong during and after the global financial crisis.

To highlight this reinforcing mechanism, we simulate a shock that unexpectedly raises

the NPL ratio s by 50%, up from 6% in stationary equilibrium to 9% annually, and

vanishes thereafter. An auto-regressive coefficient of ρs = .95 implies a half-life of 13

quarters. The output sensitivity σs = .031 induces pro-cyclical behavior so that the

subsequent contraction magnifies the NPL shock.

Figure 1 illustrates the short-run consequences. The black solid line gives the baseline

response, the other two lines report sensitivity analyses. The first panel plots the shocked

NPL ratio. Loan pricing reflects funding costs of banks plus a credit risk premium. As

a direct effect, the NPL shock forces banks to raise the loan rate. However, the deposit

rate significantly declines which reduces funding costs of banks and dampens the increase

3Some researchers have considered shocks to the quality of capital (e.g., van der Kwaak and van

Wijnbergen, 2014). Our approach is a first step to microfoundations.
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Figure 1: A Non-Performing Loan Shock

in the loan rate. The offset is almost complete in the base case. The other direct effect is

a loss in bank equity, which restricts lending, investment and income.

A key driver of this result is dividend inertia. Banks cannot fully offset credit losses

by retaining more earnings. Therefore, equity shrinks forcing banks to deleverage to

maintain capital standards. Also, banks charge higher loan rates to cover credit losses

as long as the loss rate is above average. Effects get weaker as the shock fades away.

After about fifteen quarters, bank equity is lowest, about 4% below the stationary state.

The loan volume, the capital stock and GDP are at their turning point, with GDP about

1.75% below trend. As the shock eventually disappears, recovery sets in, and the economy

reverts back to the steady state.

Since bankruptcy tends to be low in booms and high in recessions, we have introduced

a procyclical component of the NPL ratio in (2), which magnifies macroeconomic fluc-

tuations. To illustrate the effects of procyclicality, we shut off the output sensitivity by

setting σs = 0. The green dashed lines show how the impulse response reactions change
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relative to the base case. The output losses after a shock lead to a further increase in

non-performing loans and thereby make them more persistent. When the output sensi-

tivity is shut off, the NPL ratio declines faster as the first panel shows. In consequence,

the erosion of bank equity is more limited. For this reason, the same NPL shock produces

a more moderate credit crunch and smaller output losses.

Finally, the transmission to the banking sector should importantly depend on the loan

recovery rate that results from frictions in liquidating capital goods after a bankruptcy.

In the base case, the loan loss rate is ℓ = 0.3, implying a recovery rate of 70%. The

red dotted lines in Figure 1 illustrate the impact of the NPL shock when the loss rate is

50% instead. Calibration with a higher loss rate shifts the path of loan interest rates to

a permanently higher level, see the second panel. The key consequence of a higher loss

rate is that the same shock produces larger credit losses, destroys more bank equity and

magnifies the credit crunch and output losses.

3.1.2 Sovereign Risk Premium Shock

Highly indebted countries are more susceptible to a loss of investor confidence, which

may cause a surge in required sovereign bond returns and the government’s borrowing

costs. A higher required return on government bonds not only tightens the fiscal budget,

it also depresses the market value of outstanding bonds often held by banks, eventually

causing a decrease in bank equity. Since accumulating new equity is a slow process, the

shock forces banks to deleverage and restrict credit supply. Reduced economic activity

negatively feeds back on the government. The shock decomposition in Figure A3a reveals

that such sovereign risk premium shocks contributed to rising Italian public debt, in

particular, during the financial and Eurozone debt crisis. We highlight this mechanism

by simulating a shock that raises the required sovereign bond return by 1 percentage point

quarterly (4 points annually). Thereafter, investor confidence rebounds and the premium

returns to normal levels.

Base Case: The black solid lines in Figure 2 illustrate the base case. In general,
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effects are quite small. Even though the debt-to-GDP ratio is large (130% of annual GDP

pre-Covid), the low interest rate environment (0.75% per quarter, or 3% annually) limits

the fiscal burden of debt. For this reason, an isolated and temporary shock translates into

a rather minor quantitative impact, with some exceptions. Our model assumes long-term

bonds with an average duration of 32 quarters and a fixed coupon rate. The first panel

plots the required market return on sovereign bonds. The immediate consequence of the

confidence shock is a drop in the market value of about 10%, see panel 2. A large part of

these bonds is held by local banks. Depending on trading behavior and bond turnover,

banks experience substantial losses when selling off bonds at a lower market price. These

losses impair the volume of bank equity by about 1.5 percent in this scenario (panel 3).

With a binding regulatory constraint, the lower equity leads to reduced lending, which

lowers investment and GDP over several quarters. As the shock fades away, sovereign

bond prices recover again and reverse the adjustment. The strong recovery even leads to a

slight overshooting in loan volume, which peaks after roughly 20 quarters. The maximum

loss in output is about 1.2 percentage points and already occurs in the second quarter.

The recovery in employment after the initial drop shifts the recovery in GDP forward.

Although the government’s consolidation policy allows for some temporary deficits, it has

to raise tax rates and cut some spending to prevent a larger deterioration of the fiscal

surplus. The effect is rather small, though.

Bond Trading: How a loss of investor confidence in sovereign bonds affects banks

partly depends on the frequency of bond turnover. In the base case, banks sell off 20% of

their bonds each quarter (δ = 0.2) and replace them with new bonds. To check sensitivity,

we increase the turnover rate of bond holdings to 40%, which renders them more sensitive

to the market price. The green dashed lines highlight the consequences relative to the base

case. Initially, the reduction in market valuation of bonds is largest. With more frequent

trading, banks realize a larger part of losses in bond values in the first two quarters, which

erodes equity. However, they also benefit earlier from the recovery of bond prices when

trading more frequently. The reduction of bank equity due to losses on bond holdings is

shifted forward in time. As a result, the credit crunch is worse in the first two quarters
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Figure 2: A Sovereign Risk Premium Shock

but disappears faster thereafter. This pattern transmits to the real economy and results

in a sharper but shorter recession.

Debt Maturity: How interest rate shocks affect the government budget depends

very much on the maturity structure of sovereign debt. The parameter µ is the fraction

of debt to be refinanced each period, and 1/µ is bond duration. With one period bonds

(µ→ 1), the government must fully repay and refinance the entire stock of debt. Changing

interest rates would apply to the entire stock and may have quite dramatic budgetary

consequences. With long-term bonds, interest rate shocks are reflected in changing bond

prices, while the coupon rate remains fixed. Changes in interest rates apply only to newly

issued rather than old debt and affect the fiscal budget with much delay.

In the base case, bond duration is 32 quarters (8 years), so that about 3% of debt is

rolled over each quarter. We now reduce it to 10 quarters (2.5 years) so that 10% of the

stock must be refinanced. Comparing the red dotted lines in Figure 2 to the black solid

lines representing the base case illustrates the reasoning above. The instantaneous decline
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in the bond price is much lower. The government must refinance a much larger share of

debt with initially high interest rates, implying a substantial increase in the interest bur-

den. Given consolidation rules, it must raise tax rates substantially and over a prolonged

time period of about 20 quarters, with unfavorable consequences for employment and

investment. This negative effect is dampened by the banking sector since a weaker drop

in bond prices inflicts smaller losses and thus restricts credit supply by less. On net, the

tax increases lead to higher output losses over a longer period.

3.1.3 Fiscal Spending Shock

The ‘Maastricht-type’ consolidation rule in (15) is a key feature of the model. Together

with high public debt, it restricts fiscal policy, which is needed to stabilize during a

recession. To illustrate the mechanism, we consider an increase in public transfers. As a

temporary spending shock, it is not part of the structural deficit but raises public debt,

which activates the consolidation rule. Specifically, we add 5% of GDP to social spending

over a three-year period, accumulating to 15% of initial annual GDP.4

The consolidation rule kicks in after the first quarter, when the debt-to-GDP ratio

starts deviating from the long-run target.5 For that reason, the total increase in public

debt, about 13% of initial annual GDP, falls short of the cumulative spending increase.

The consolidation rule requires a mix of tax hikes and spending cuts over a prolonged

period to bring the debt ratio back to its initial level. In the baseline scenario with γg =

0.97, the half-life of consolidation is about 23 quarters (6 years, roughly corresponding to

Maastricht rules). In line with past experience, consolidation is mostly tax based, with

cuts in productive and social spending contributing only 20 and 10% to consolidation.

4A recent example would be the Covid crisis which has greatly increased government spending to

replace private incomes and has led to a discrete jump in sovereign debt.
5In our model, this long-run target is 130% of annual GDP, equal to the calibrated level reflecting

recent history. Our analysis is not concerned with eliminating historic debt to comply with the Maastricht

debt target but considers fluctuations around a ‘vulnerable’ steady state with high debt.
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Figure 3: A Fiscal Spending Shock

Base Case: The black solid lines in Figure 3 show the effects of the spending shock

which lasts for 12 quarters. At the end of the deficit period, the face value of public

debt is almost 10% higher, raising the debt-to-GDP ratio by 13 (= 130× 0.1) percentage

points of initial GDP. Consolidation requires tax hikes and spending cuts right from the

beginning, and ever more so as the debt ratio increasingly deviates from the long-run

target. After 12 quarters, the spending shock ends. Debt is highest in quarter 13 and

then falls due to consolidation. At the end of the shock period, consolidation needs are

largest and all tax rates must be scaled up by a factor of 1.03. For instance, the wage tax

rate rises from 30 to 31%. Higher taxes discourage economic activity. To a minor extent,

the consolidation policy also cuts productive spending, which impairs factor productivity.

The impact on economic performance is quite moderate, however. Low interest rates

imply a relatively small debt burden. When debt is largest, output is less than 1% below

trend, reflecting lower employment and reduced capital formation. If interest rates were

higher, consolidation needs and the required tax increases could be substantially larger.
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Higher Consolidation Speed: Arguably, high-debt countries must be more ambi-

tious in reducing debt and pursue more aggressive fiscal consolidation. One reason could

be a deterioration in bond market access. We can approximate this argument by reducing

the parameter γg from 0.97 to 0.95. With this change, the half-life of debt reduction falls

substantially from 23 quarters (5.7 years) to 13.5 quarters (3.4 years). Comparing the

green dashed lines with the base case illustrates how debt reduction is shifted forward. By

assumption, the policy rule responds to the growing gap between the debt ratio and its

long-run target right from the start. The cumulative increase in the debt-to-GDP ratio

in the shock period is smaller. With more aggressive consolidation, the government must

raise tax rates faster and by more. Spending similarly is reduced by more, leading to

minor cuts in social spending and public services (infrastructure), see the first, third and

fourth panels of Figure 3. The reduction in employment, capital formation and output is

faster and deeper. However, recovery after the shock is faster as well, overtaking base case

employment and GDP after about thirty quarters. More consolidation early on means

that fiscal policy can relax earlier thereafter.

3.1.4 Monetary Stabilization

In a currency union, monetary policy is centralized and the internal exchange rate is

fixed by sharing the same currency. Common monetary policy aims at lowering output

and inflation gaps in the entire union. It is less effective in stabilizing output and in-

flation in specific member states if asymmetric shocks require a targeted intervention.

Autonomous monetary policy could target the specific situation separately in each re-

gion. For illustration, we assume that both regions are subject to productivity shocks

(corresponding to output shocks in the rest of the Eurozone) with a standard error of 1%

of the stationary values. Figure 4 compares the domestic variance of output and inflation

in two alternative regimes. Within EMU, the home economy (Italy) experiences stronger

output fluctuations, while inflation variance is low. Membership in the currency union

comes with improved price stability but higher output fluctuations. Since the weight of
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Figure 4: Monetary Stabilization

Italy in union-wide output is about 18%, monetary stabilization is relatively weak. In-

deed, economists typically argue (e.g., Colciago et al., 2008) that national policies should

compensate for the loss of monetary autonomy by strengthening fiscal stabilizers and

implementing structural reforms for higher resilience of the local economy.

The scenario ‘No EMU’ considers autonomous monetary policy. With separate cur-

rencies, the internal exchange rate is flexible. We assume that both regions adopt exactly

the same monetary policy rule, except that it is now conditional on output and inflation

within each own region separately. Rather than being attributed a weight of only 18%,

domestic output fluctuations now fully enter into the central bank’s objective function.

The targeted reaction of monetary policy substantially reduces local output variance, by
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almost a half, whereas inflation variance more than doubles. More stable output is at

the expense of weaker price stability. Finally, the national central bank may pursue a

more aggressive policy of dampening output fluctuations (scenario ‘No EMU+’). We thus

double the sensitivity of the local money supply with respect to output gaps. Under this

approach, output variance is further reduced at the cost of even higher inflation variance.

3.2 Recession and Exit

How can a country cope with a severe asymmetric recession if exchange rate adjustment

is not possible and monetary policy cannot directly target local conditions? Whether

intentional or forced, an exit from the currency union and the return to a national currency

might become a possibility. Given the vulnerability to shocks, a natural question is

whether a member state could reduce the output costs of the recession, and by how

much, when moving to an autonomous monetary regime.

We focus on three scenarios in response to a severe, asymmetric recession in the home

economy that results from a combination of adverse shocks to total factor productivity,

which falls by 3% of the initial value, and to the NPL ratio, which increases by 50%.

These shocks are temporary and last for four quarters.6

• Currency Union: The home economy is hit by an asymmetric recession. Apart from

exogenous shocks, the emerging output gap endogenously magnifies the share of

non-performing loans. The consolidation rule imposes tax increases and restricts

(productive) fiscal spending, which aggravates the recession.

• Benign exit: The country experiences the same shocks, which instantaneously trigger

an exit from the currency union. The exchange rate is flexible, and monetary policy

is autonomously chosen. The exit is benign in the sense that it does not involve other

shocks like shifts in investor expectations. The economy’s differential adjustment

6In sequencing the scenario in this way, one can isolate and separately evaluate the effects of moving

to monetary autonomy with flexible exchange rates and the consequences of a loss of confidence.
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between the ‘remain’ and the ‘benign’ scenarios thus identifies how independent

monetary policy affects the recovery, in isolation of other disruptions.

• Escalating exit: Unfavorable fundamentals (high public debt, vulnerable banks,

weak growth) increase the likelihood that the exit is accompanied by a general

loss of confidence. To capture investor pessimism, we simultaneously raise the risk

premium on government bonds and bank deposits relative to the safe reference

asset (international bonds). All else equal, the deposit rate rises from 2 to 6% and

sovereign bond return from 3 to 7% annually. This inflates the borrowing costs

of banks and the government. In addition, we include a temporary shock to the

discount rate to capture increased uncertainty about the future. Households thus

require a higher interest rate to supply funds. Technically, we reduce the subjective

discount factor β by 2 points (from 0.995 to 0.975). All shocks last four quarters.

The escalating scenario is reminiscent of the sudden stop emphasized by Martin and

Philippon (2017) and, more broadly, shifts in investor expectations that feature promi-

nently in models of public debt crises (e.g., Ayers et al., 2018) and bank runs (e.g.,

Diamond and Dybvig, 1983). We calibrate this shock to mirror the increased sovereign

stress around the haircut on privately held Greek sovereign debt (2010-2012). Specifically,

we assume a counterfactual shock to the sovereign risk premium that ceteris paribus raises

the required return on sovereign bonds from 3 to 7 percent annually, which is an increase

of 133%. This increase relates quite closely to the heightened sovereign stress during the

discussion about and implementation of the haircut on privately held Greek public debt.

An exit from EMU of a major member state like Italy should trigger investor reactions

that are at least as large than the partial default on Greek public debt. According to

data of the Fed St. Louis, yields on long-term Greek government bonds (10 years) rose

from 10.8 percent in the third quarter of 2010, just before the meeting between Chancellor

Merkel and President Sarkozy in Deauville, to at most 25.4 percent in the second quarter

of 2012, when the Greek government concluded the exchange of bonds worth EUR 197bn.

These shocks correspond to a relative increase in yields by 135%. We thus use the upper
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bound of these developments to calibrate our escalating scenario.

The parallel increase in risk premia on deposits is meant to capture in reduced form

the loss confidence of depositors in times of crisis (e.g., reflecting a perceived lack of

credibility of deposit insurance or the risk of redenomination). Hence, they may rapidly

withdraw large amounts of deposits and trigger a sudden increase in the required return

on remaining deposits. The Greek crisis, for instance, involved large-scale withdrawals of

deposits from domestic banks. Data from the Bank of Greece report that, from January

2010 to December 2011, the volume of household deposits at Greek banks shrank by EUR

50bn or 25%. In 2015 when a left-wing party won two successive elections and challenged

austerity and bailout policies, household deposits again fell by almost one quarter. The

mirror image is an increase in deposit interest on remaining funds.

To prepare intuition for the results, we emphasize two implications of the model.

First, we treat the recession as a purely temporary event. After it ends, the shock vari-

ables revert back to initial values. In the same vein, monetary policy may have substantial

effects in the short-run but is neutral in the long-run. Since we abstract from permanent

changes in structural parameters, the economy gradually moves back to the same station-

ary equilibrium.7 Second, whenever the economy is in a steady state and no shock occurs,

autonomous monetary policy fully replicates centralized policy making. An unanticipated

exit would be completely neutral. Any effect on the exchange rate can only result from

asymmetric shocks, from differences in monetary policy, and from a change in expecta-

tions triggered by an exit. We thus expect rather modest changes in exchange rates even

after an exit. Figures 5 and 6 decompose the cumulative effects of the three scenarios and

illustrate transitional dynamics for key economic indicators.

Recession Within the Currency Union: The dashed, black lines in Figures 5 and

6 refer to the impact of a deep asymmetric recession in Italy. The internal exchange

7An exit likely entails additional long-run consequences (e.g., exchange rate risks, transaction costs).

Consistent with our focus on recession and recovery in the short-run, we abstract from such effects.
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rate remains fixed and cannot adjust, and monetary policy is conditional on the average

economic performance in the entire currency union. Therefore, it cannot directly address

the recession in one member state and responds only insofar as the recession affects union-

wide output and inflation. Given large negative shocks to productivity and loan quality,

the recession is bound to be very severe and involves an instantaneous output loss of

about nine percent. This loss persists over four quarters. After that, shocks start to fade

out, and economic recovery sets in.

The recession feeds on several sources. Most importantly, the negative productivity

shock reduces investment and labor demand. The effect on investment is reinforced by a

rising NPL ratio, which is endogenously magnified by the large output gap. Banks raise

the loan rate both because credit risk is higher and equity losses restrict their lending

capacity. Despite a decline in the deposit rate due to the reduced demand of banks, the

loan rate rises on net. Both lower productivity and higher costs of capital discourage firm

investment. Roughly 20 quarters after the start of the crisis, the capital stock is thus

almost 11% below the initial stationary value.

The negative productivity shock also reduces employment. Nominal wage stickiness

prevents an immediate reduction in wages. Since the loss in productivity causes higher

producer prices, the real wage declines, which is beneficial for employment. It falls by

much less than the capital stock. However, given a constant exchange rate with the most

important trading partners, the rising producer prices weaken international competitive-

ness and substantially erode exports as well.

By construction, centralized monetary policy cannot target the special situation in

Italy and remains rather passive. Fiscal policy is constrained by a high level of debt and

cannot run into a substantial deficit, thereby preventing automatic fiscal stabilization to

a large degree. Given the consolidation rule as described in Section 2.3, the government

must even tighten the fiscal stance to prevent a large further increase in public debt. For

example, income tax rates increase by almost 1 percentage point. Our model simulation

thus emphasizes that a Eurozone member state with excessive public debt, little compet-
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Figure 5: Recession and Exit

itiveness and a vulnerable banking sector is bound to experience more severe recessions

than other member states if they were subject to the same shocks.

Benign Exit: This scenario is defined as an exit that occurs without any adverse in-

vestor reactions (green, dashed lines in Figures 5-6). We consider the same asymmetric

shocks as before but now the internal exchange rate is flexible, and monetary policy is

autonomous and can help cushion the recession. The national central bank is a mere

replica of the common central bank, with the same sensitivity of money supply to output

and inflation gaps. However, the weight of the national economy in local monetary policy

decisions is now 100%, rather than 18% in the currency union. The expansion of domestic

money supply in response to the recession is thus roughly five times larger than under

continued membership in the monetary union.

The key difference is higher inflation. The increase in domestic producer prices is

more than twice as large. The larger price increase is facilitated by a depreciation of
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Figure 6: Recession and Exit

the new currency of roughly 5% which prevents a loss in international competitiveness.

With more inflation, nominal interest rates including the nominal loan rate now substan-

tially increase, while real rates follow roughly the same pattern as in the first scenario.

The targeted monetary response and the exchange rate flexibility lead to a considerable

stabilization relative to continued membership. The depreciation benefits the domestic

economy by reducing imports and strengthening exports. It fully compensates the loss

in competitiveness so that exports shrink significantly less than in the baseline scenario.

The substantial increase in inflation shifts the reduction in real wages forward in time

and thereby prevent some unemployment. A benign exit could significantly reduce the

output and employment losses in the early adjustment period, see Figure 5. In line with

this, investment and exports are much stronger compared to the base case.

One might argue that national monetary policy could intervene much stronger to

the emerging output gap in a large asymmetric recession and accept even more inflation

compared to centralized policy making. Such a policy change could also devalue the real
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value of debt. Surely, short-run stabilization would be significantly enhanced, although

at the cost of higher inflation. Since we do not want to mix the effects of an exit scenario

with the effects of a change in monetary policy, we abstract from such possibility.

Escalating Exit: Since the economy starts from a vulnerable position, the exit from

the monetary union likely triggers sudden shifts in investor expectations and may even

cause a general loss of confidence. We picture a sudden increase in the required returns

on sovereign bonds and bank deposits, reflecting growing concerns about the solvency of

the government and local banks. These returns surge during the four-quarter recession

before gradually reverting to normal levels.8 In addition, we capture household pessimism

regarding future developments by a preference shock that implies higher discounting. This

shock shifts forward future consumption, thereby dampens the immediate recession but

delays the recovery thereafter. It also pushes up interest rates to keep up funding of the

real economy. The red solid lines in Figures 5-6 illustrate the dynamic adjustment, and

Table A3 reports detailed results.

This ‘sudden stop’ characterized by exceptionally high interest rates magnifies the

recession caused by the original shocks to productivity and loan quality. Banks pass the

higher funding costs onto borrowers via higher loan rates. In addition, larger losses on

loans and sovereign bonds further erode equity and constrain credit supply. Much higher

costs of capital sharply restrict investment and result in capital decumulation: Eight

quarters after the onset of crisis, the capital stock is 17% lower, see Table A3.

The other direct consequence of the loss of investor confidence is a burst of inflation as

firms raise prices to digest increasing factor costs. Domestic inflation initiates a reduction

in real wages and real interest rate. Real rates decline sharply at the onset of crises and

then quickly increase and remain at higher levels over a prolonged time period, see Table

A3. The real wage reduction leads to a more favorable response of employment in the

8Figure A3a in the Appendix illustrates to which extent these shocks (based on estimated rather

than counterfactual shocks) contributed to the increase in Italian public debt during the financial and

Eurozone debt crisis.
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early adjustment period. However, employment remains subdued over a long time period

thereafter, compared to the other scenarios. The long-lasting impairment of labor market

performance is a legacy cost of the early crisis period which leads to a large reduction of

productive capital.

The sudden increase in inflation after an exit has two important consequences. First,

higher domestic prices erode export competitiveness. Even the larger devaluation of the

domestic currency does not fully compensate for the loss in international price competi-

tiveness such that exports fall substantially. In addition, devaluation is partly contribut-

ing to domestic inflation via higher import prices. Second, the real value of outstanding

sovereign debt falls because of both higher inflation and bond prices, which decrease by

18% after four quarters mainly due to a higher risk premium. Lower bond prices inflict

large losses on banks and households.

The large public debt prevents a decisive fiscal intervention to fight the crisis. Although

the consolidation rule does allow for temporary deficits and requires only a slow reduction

of structural deficits, consolidation must start early on to keep the debt ratio from growing

even larger than currently high levels. After all, the high indebtedness with insolvency

concerns might in the first place be a key reason for the escalating scenario. Except for

the first quarter, tax rates must even increase during the crisis, to a small extent, as Table

A3 shows. Productive government spending is similarly held back by consolidation needs

so that the stock of public infrastructure remains below trend over a long time period,

with negative consequences for factor productivity and economic recovery after the crisis.

4 Conclusion

This paper considers an economy that is part of a monetary union and is exposed to the

‘trilemma’ of high public debt, weak banks, and a lack of competitiveness. It is thus

especially vulnerable to adverse economic shocks. A recession can set off a vicious cycle

driven by mutual contagion between the government, banks, and firms.
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Important adjustment mechanisms are missing in a monetary union: The internal

exchange rate is fixed, and monetary policy is conducted conditional on the union-wide

state of the economy. To compensate for the lack of monetary autonomy, the country

would ideally rely on other economic stabilizers. However, the latter are significantly con-

strained: Fiscal stabilization requires low public debt, and banks that could, in principle,

help absorb shocks, suffer from low equity and many non-performing loans.

Using a New Keynesian DSGE model, we quantitatively analyze the macroeconomic

adjustment of a vulnerable economy under continued membership in the monetary union,

compared to an exit with a return to its own currency. We simulate an asymmetric reces-

sion, which is a combination of adverse productivity and financial shocks, and compare

three scenarios: First, under continued membership in the monetary union, the recession

is severe, given the lack of monetary autonomy and tight constraints on fiscal policy. Sec-

ond, a ‘benign exit’ from the Eurozone with stable investor expectations could dampen

the negative short-run output and employment losses. Stabilization is achieved by an

aggressive monetary expansion that reduces real wages in the short run and leads to an

exchange rate depreciation. This helps restore international competitiveness. However,

stable investor expectations after an exit might be unrealistic, given the vulnerable state

of the economy and the large uncertainties associated with an exit. We thus consider a

third scenario of an ‘escalating exit’, in which a loss of investor confidence causes a surge

in risk premia upon exit. This magnifies private and public borrowing costs, further de-

pressing investment and constraining fiscal policy. Unfavorable capital market reactions

offset the advantages of monetary autonomy. Such an exit scenario makes the recession

deeper than under continued membership and considerably delays the full recovery.
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A Appendix

A.1 Consolidation of Structural Deficits

Maastricht rules for fiscal consolidation specify targets for the structural surplus, S̃Gt . Any

temporary deviations go into debt and are to be consolidated in future periods. Allowing

for transitory shocks, spending rules are thus modified to

PtGt = ḡ · PtYt − ξg · S̃Gt + εGt , Et = ē · wLt Lt − ξe · S̃Gt + εEt . (A.1)

As in (15) and the footnote thereafter, we specify a structural surplus target S̃Gt ,

S̃Gt = [̄ı+ µ+ (1− µ)Qt − γgQt]B
G
t−1 − (1− γg) b̄gPtYt. (A.2)

Absent shocks, structural and actual surpluses are identical, SGt = S̃Gt . Using (A.2)

in (14.ii) shows that consolidation policy is equivalent to (15) in this case. When SGt

and S̃Gt are different, the unconsolidated part SGt − S̃Gt is debt financed. Financing only

structural spending PtG̃t = ḡPtYt − ξgS̃Gt and Ẽt = ēwLt Lt − ξeS̃Gt requires tax revenue

T = S̃Gt + PtG̃t + Ẽt = ḡPtYt + ēwLt Lt + (1− ξg − ξe) S̃Gt . The part (1− ξg − ξe) S̃Gt of

the structural surplus is tax financed and dictates a scaling of tax rates.

A.2 Calibration

We use detrended quarterly data and normalize Italian GDP to 100. All macro data are

thus in percent of GDP. We infer country size from Eurostat and Worldbank data. Italy

produced 18% of Eurozone GDP which, in turn, accounted for 17% of world GDP.

Table A1 lists key parameters and data that are calibrated. Table A2 reports selected

estimated parameters. By OECD data, Eurozone sovereign bonds paid an annual rate of

roughly 4%, largely the same in all member states. The prototype safe asset are long-term

US treasuries, which paid on average 2% per annum. We assume that all assets other

than deposits yield the same risk-adjusted return of 3% annually, corresponding to 0.75%
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quarterly. Eurostat data yield a typical return on equity of 2.5% (10% p.a.). The interest

rate on private credit is 1.25%, or 5% p.a. We calibrate the discount factor β and the risk

premia θ to support these interest rates and returns in stationary equilibrium.

Preferences are calibrated in line with prior research: We use a Frisch labor supply

elasticity of 0.4 (Keane and Rogerson, 2012; Chetty et al., 2011). The intertemporal

substitution elasticity is σc = 0.5, a typical value as in Smets and Wouters (2003, 2005),

for example. The price sensitivity of trade flows depends on the Armington elasticity of

substitution between goods of different country origin. Evidence in Adolfson et al. (2007)

and Obstfeld and Rogoff (2000) gives σr = 5. Taking this as a pior, we estimate a value of

5.76 in Table A2. Finally, we follow Gali (2015, p.177) and set the substitution elasticity

for labor varieties to σ = 4.5 and the degree of wage stickiness to ω = 0.8. This is broadly

consistent with Schmitt-Grohe and Uribe (2005) who rely on wage stickiness between 0.64

and 0.87 and with Erceg et al. (2000) who use a value of 0.75.

In production, we set the capital share in value added to α = 0.3, which is close to

OECD data on the income share of capital. The depreciation rate is δk = 0.03, or 12%

annually. Demand for bank credit follows from firms’ debt-to-asset ratio bk = 0.6, which

corresponds to Eurostat data for Eurozone non-financial firms.

Turning to the banking sector, the equity ratio of Italian banks has recently fluctuated

around 15% of total assets (κB = 0.15) well above the minimum capital requirements of

8% for corporate credit. In the early 2000’s, their non-performing loans (NPL) ratio

amounted to 6.6%, substantially exceeding the 2.5% NPL ratio in the Eurozone. In the

aftermath of the Eurozone crisis, this share reached a maximum of almost 18% in 2015,

and declined considerably since then. We view these (large) deviations to be temporary

in nature and calibrate a stationary ratio of 6% p.a., or a quarterly flow rate of 1.5%. The

loss ratio on non-performing loans amounts to 30% (ℓ = 0.3), reflecting estimates for total

recovery rates between 50 and 85%.9 The NPL ratio is sensitive to output fluctuations.

9Acharya et al. (2007) report a mean loan recovery rate of 81% from a sample of non-financial US

corporations over 1982-1999. Grunert and Weber (2009) find a 73% retrieval rate for German firms while
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Table A1: Key Parameters and Data

Quarterly interest rates:

i 0.5% safe, benchmark interest rate

ig 0.75% sovereign interest rate

ik, ib 2.5% required return on equity

il 1.25% loan interest rate

Households:

η 0.4 Frisch labor supply elasticity

σ 4.5 elasticity of labor substitution

σc 0.5 intertemporal elasticity of substitution

σm 0.035 interest elasticity of money demand

ω 0.8 rate of wage adjustment

Firms and banks:

α 0.3 capital income share

bk 0.6 debt/asset ratio firms

δk 0.03 capital depreciation rate

s 0.015 non performing loans (NPL) ratio

ℓ 0.3 loss share of NPL

κB 0.15 equity/asset ratio banks

Dynamics:

bf 0.88 net foreign debt/GDP ratio (quarterly)

γ 0.0124 interest sensitivity w.r.t. foreign debt
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We estimate a sensitivity of σs = 0.027, see Table A2.

Moreover, net foreign debt amounts to 22% of annual GDP, or 88% of quarterly GDP.

An increase in net foreign indebtedness translates into a higher country premium and

raises domestic interest rates. We normalize the country premium to zero in the steady

state, so that θf = 1 in (21). We then calibrate γ such that an increase in the debt-to-

GDP ratio by 20 percentage points raises the interest rate by 25 basis points (1 percentage

point annually).10 Turning to trade flows, Italy imported 23% of GDP and exported 21%,

according to Eurostat data. Of all imports, 47% were sourced from the EA and 53% from

RoW. On the export side, 47% of all exports went to the EA and 53% to RoW. Using

export data from RoW to all individual EA countries (except Italy), we can determine

EA’s import share as 19% of GDP, of which 12% stemmed from Italy and 88% from RoW.

By OECD data, Italian public debt was 105% of annual GDP in 2006 and has grown

since then to about 130% of GDP pre Covid, which is much higher than in the Eurozone

excluding Italy. We take the pre-Covid level to be the stationary debt ratio equal to 520%

of quarterly GDP, and set b̄g = 5.2. Banks (and other financial institutions) hold around

35% of public debt in Italy, giving s̃b = 0.35. The parameter γg determines the speed

of fiscal consolidation. We estimate this value to be γg = 0.97, which implies a half-life

of debt adjustment of 30 quarters, or about 7.5 years. We also estimate that 70% of

consolidation rests on tax increases and 30% on spending cuts, of which one third reduce

social spending (ξe = 0.1), and two thirds productive spending (ξg = 0.2).

Social spending absorbs 18.5% of GDP which is 30% of gross wage income (ē = 0.295).

Public consumption in Italy amounts to 14.6% of GDP (ḡ = .15). Adding debt service

gives a total expenditure share of 44.3% of GDP. Following Barro (1990), we allow for a

positive productivity effect of productive public spending. Our estimate of σz = 0.03 in

Caselli et al. (2008) estimate a rate of only 48% for Italian SMEs.
10Specifically, we define (1 + it) e

e
t/e

e
t+1 ≡ 1 + ı̃t to calculate the slope dı̃t/db

f
t = (1 + ie) γ where

eb
f−b̄f = 1 in a steady state. Replicating this response requires dı̃t/db

f
t = (1 + ie) γ = .0025/.2. Noting

ie = i = .0075, we find the parameter γ = .0124.
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the Appendix is consistent with available estimates of the output effect.11

Turning to money demand, Gali (2020, p.7) reports an average, quarterly income

velocity of 2.7 in the Euro Area for 1999-2015. Accordingly, we set money balances to

be M s = P̄ M̄ = ϕm · Y with ϕm = 2.7. Taking money demand as in (8), we compute

a semi-elasticity of dM̄/M̄
di

= − σm

(1+i)i
. Following Gali (2020) and Ireland (2009), we take

empirical estimates of the (quarterly) semi-elasticity of money demand to be εmd = 7 and

accordingly calibrate σm = (1+ i)i · εmd. Monetary policy in (25-26) allows for rule based

stabilization. Ascari and Ropele (2013) have estimated the sensitivities of money supply

to changes in the price level and the output gap and report values between 1 and 3 for

ψπ and a range of 0 to 1 for ψy. We use ψy = 1 and ψπ = 2.

Transitional dynamics depend on adjustment costs and auto-regressive shock pro-

cesses: First, we assume quadratic capital installation costs, and allow for dividend in-

ertia in banking as in Begenau (2020). We estimate the cost parameters at ψk = 0.97

for capital adjustment and ψb = 0.25 for dividend inertia. Second, short-run dynamics

depend on the persistence of shock processes. We set the priors of the auto-regressive

coefficients of business cycle shocks (ρ-coefficients) equal to 0.95. Estimated values stay

close to the prior (see Table A2). Shocks are thus slightly more persistent compared to

the estimates of 0.85 and 0.95 by Smets and Wouters (2003) and Gerali et al. (2010).

11Colombier (2009) finds that an increase in spending on transport, water systems and education by

one percentage point raises the per capita growth rate of real GDP by 0.5 percentage points. The estimate

of Bleaney et al. (2001) is lower at 0.3 percentage points. In Section 2.3, the long-run productivity effect

is Ẑ = σzĜ, where Z = Z̄ and G = δgKG. Assuming constant user cost and employment, technology

Y = ZKαL1−α implies Ŷ = Ẑ + αK̂ while YK constant yields ŶK = Ẑ − (1− α) K̂ = 0. Combining,

the long-run output effect is Ŷ = 1
1−α Ẑ = σz

1−α Ĝ. In levels (percentage points, dY = Y · Ŷ ), we obtain

dY
dG = σz

1−α
Y
G . With α = .3 and our estimate σz = .03, the output effect of productive spending is

.03
.7

100
15 = 0.29 is at the lower end, but still in line with empirical estimates.
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A.3 Estimation

The calibration with prior parameter values results in a steady state reflecting the con-

ditions at the start of the monetary union in the early 2000s. Using Bayesian estimation

procedures, we estimate several structural parameters. Specifically, we let the model de-

termine the shock processes to replicate key time series from 2000 to 2019.12 Specifically,

we estimate shocks to total factor productivity Zt, to the non-performing loan share st,

risk premia on sovereign bonds θgt , and deposits θdt , as well as preferences ϕt. Furthermore,

our estimation includes a shock process to the Eurozone GDP Y e
t .

With six endogenously determined shocks, the model replicates without error six se-

lected time series as part of the stochastic equilibrium solution. Motivated by the earlier

discussion of past performance in Italy, we track the GDP share of public and private debt

BG
t / (PtYt) , B

l
t/ (Yt), the non-performing loan share st, interest rates i

d
t and i

g
t on deposits

and fiscal debt in Italy, as well as output in the Eurozone (Y e
t ). The estimation provides

us with values for twelve parameters, which determine the government’s spending behav-

ior (γg, ξg, ξe), the elasticities (σz, σs, σr), the adjustment costs (ψk, ψb), as well as the

speeds of adjustment (ρθ, ρs, ρT , ρ). Table A2 provides an overview of estimated shocks

together with selected structural parameters and reports our prior assumptions together

with the resulting posterior distributions.

Since standard deviations of shocks should be non-negative, we assume an inverse-

gamma distribution (e.g. Gerali et al., 2010) with size-appropriate priors. Moreover, the

persistence of the AR(1) processes should fall within the 0-1 range. The parameters are

thus assumed to be beta distributed with mean 0.95 and standard deviation 0.01.

Figure A1 plots prior and posterior distributions of the estimated standard devia-

tions. Moreover, Figure A2 shows prior (gray curves) and posterior distributions (black

curves) of the estimated parameters. The vertical dashed lines indicate the estimated

12Since the model requires stationary data, we detrend the data by output growth. We also remove

seasonal trends in wages.
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Figure A1: Prior and Posterior Distribution of Shocks

posterior mode.13 The smaller variance of the posterior indicates that the data appear to

be informative of the persistence of shock processes.

The last three columns of Table A2 show the means and confidence intervals of the

posterior distributions as obtained by the Metropolis Hastings algorithm. We used five

chains, each with 25,000 draws which ensures convergence of the sampling algorithm.

Shock persistence is estimated to be quite high. Autocorrelation coefficients range from

0.94 (for the risk premia) to 0.97 for the consolidation speed. All other parameters are

estimated to a value close to our prior assumptions.

13The mode is the most frequently computed value. It does not coincide with the mean for non-normal

(non-symmetric) distributions and not necessarily with the peak of the posterior distribution.
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Figure A2: Prior and Posterior Distribution of Parameters
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Table A2: Prior and Posterior Distributions

Parameter Prior distribution Posterior distribution

Density Mean St.dev 10% Mean 90%

Autocor. risk premia ρth Beta 0.95 0.01 0.9336 0.9471 0.9598

Autocor. NPL shock ρs Beta 0.95 0.01 0.9330 0.9489 0.9609

Autocor. revenue losses ρT Beta 0.95 0.01 0.9365 0.9513 0.9627

Autocor. business cycle ρ Beta 0.95 0.01 0.9371 0.9481 0.9588

Consolidation speed γg Beta 0.97 0.001 0.9608 0.9727 0.9828

Sensitivity NPL rate σs Inv.Gamma 0.05 0.1 0.0172 0.0274 0.0507

Sensitivity Productivity σz Inv.Gamma 0.05 0.1 0.0179 0.0311 0.0492

Armington trade elasticity σr Normal 5 1 4.7162 5.7600 6.8527

Dividend adj. costs ψb Normal 0.25 0.01 0.2382 0.2517 0.2644

Investment adj. costs ψk Normal 1 0.1 0.8433 0.9721 1.0959

Consolidation share G ξg Normal 0.2 0.001 0.1873 0.2002 0.2128

Consolidation share E ξe Normal 0.1 0.001 0.0863 0.0997 0.1126

SD productivity shock IT σ̃z Inv.Gamma 0.1 2 0.0107 0.0120 0.0135

SD income shock EZ σ̃ye Inv.Gamma 10 4 3.7093 4.0954 4.5652

SD deposit shock σ̃d Inv.Gamma 0.1 2 0.0087 0.0096 0.0108

SD gov. interest shock σ̃g Inv.Gamma 0.1 2 0.0087 0.0097 0.0109

SD preference σ̃β Inv.Gamma 0.1 2 0.0127 0.0145 0.0163

SD NPL shock σ̃s Inv.Gamma 0.1 2 0.0087 0.0097 0.0110
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A.4 Appendix Figures and Tables

The estimation procedure endogenously determines the parameters of six shock processes

that are selected to track past economic performance in Italy, see the preceding subsection.

The shock decompositions in Figures A3a and A3b illustrate to which extent the estimated

shock processes have contributed to the development of public and private debt in the

past. The same shocks play a key role in determining model reactions in the exit scenarios.

The shock decompositions are thus discussed in more detail in Section 3 of the main text.
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Figure A3: Shock Decompositions

(a) Public debt

(b) Private debt
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Table A3: Detailed Results of Escalating Exit Scenario

SS Q1 Q4 Q8 Q20 Q40

QBG

PY Fiscal Debt/GDP** 5.2 4.53 4.56 4.6 4.86 5.2

Q Sovereign Bond Price 1 0.81 0.82 0.84 0.89 0.94

s Ann. Bad Loan Share 6 9.05 9.19 8.78 7.92 7.25

Y Real GDP 0% -7.11% -8.48% -8.24% -7.38% -6.92%

Z Factor Productivity 0% -3% -3% -2.44% -1.36% -0.62%

K Capital Stock 0% -3.82% -11.66% -16.51% -18.47% -16.04%

L Employment 0% -6% -3.93% -1.42% -0.22% -1.78%

C̄ Private Consumption 0% 9.62% 5.03% 0.79% -5.38% -7.33%

Ex,e Exports to Rest of EZ 0% 0.21% -6.5% -8.65% -5.11% -2.88%

Ex,o Exports to ROW 0% -0.24% -6.07% -7.9% -4.81% -2.86%

KG Public Capital Stock 0% -0.27% -1.12% -2.13% -4.24% -6.25%

wL/P Producer Real Wage 0% -1.18% -4.74% -6.92% -7.18% -5.24%

MRS Consumer Real Wage 0% -3.27% -7.34% -8.76% -8.76% -6.67%

τ Income Tax Rate* 30 29.75 30.3 30.28 30.63 30.83

P Producer Prices* 100 100.92 104.31 107.05 109.83 110.09

P̄ Consumer Price Index* 100 100.9 103.92 106.52 109.5 109.89

i Ann. Domestic Interest 2 2.72 3.54 3.82 3.66 3.2

id Ann. Deposit Interest 2 6.72 7.54 7.03 5.34 3.76

ig Ann. Gov. Debt Interest 3 7.72 8.54 8.03 6.34 4.76

il Ann. Loan Interest 5 9.54 13.96 11.8 8.81 7.1

π Ann. Inflation Rate 0 5.69 3.02 1.75 0.43 -0.17

r Ann. Real Interest 2 -2.92 0.51 2.05 3.23 3.37

eie Lire/e Exchange Rate* 100 102.46 103.6 105.24 108.58 109.56

eeo e/$ Exchange Rate* 100 100.88 103.2 105.54 108.9 109.54

Bf

PY Net For. Debt/GDP** -0.88 -0.91 -0.89 -0.96 -1.14 -1.11

Remarks: SS refers to initial and final steady states. *) × 100. **) Quarterly GDP ratios.
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