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Abstract

The European sovereign debt crisis has highlighted the role of spillovers
from sovereign default risk to financial intermediation in shaping macroe-
conomic dynamics. We propose a quantitative model which captures this
feedback mechanism by allowing simultaneously for optimal default on public
debt and occasionally binding collateral constraints on the interbank market
in a general equilibrium setting. A link to the real economy is established by
a working capital assumption. It emerges a role of government debt policy
for the provision of a safe asset to insure efficient intermediation on interbank
markets. Spillovers from sovereign default risk lead to non-Ricardian effects
of public debt. We replicate central features of the European sovereign debt
crisis through numerical simulations: hikes in sovereign risk impede the fi-
nancial intermediation process, risk premia are countercyclical, and a home
bias in government debt allows higher average debt levels. The preliminary
findings of the paper indicate that during times of high sovereign default risk
fiscal consolidation may become expansionary.
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1 Introduction

The European sovereign debt crisis has highlighted the role of spillovers from sovereign

default risk to financial intermediation in shaping macroeconomic dynamics. In late

2009, confidence in repayment of Greek public debt eroded successively until a first

bailout package prevented an outright sovereign default in May 2010. This set an

adverse feedback mechanism in motion in periphal eurozone countries with weak-

ened financial systems and high public deficits which primarily affected Portugal,

Ireland, Italy, Greece and Spain. Reduced sovereign solvency severely affected bank

funding conditions on traditional wholesale funding markets.1 The following drop

of real economic activity further weakened the outlook for government finances.

In this paper, we theoretically and quantitatively analyze the role of sovereign

default risk in the public provision of liquidity and its effects on financial interme-

diation and the real economy. We start with the observation during the European

sovereign debt crisis that government debt policy and financial market fluctuations

have been strongly interconnected.2 By lifting the assumption of perfect enforce-

ability of government debt, we find that there are times when government securities

can no longer facilitate financial intermediation as a result of spikes in sovereign

default risk. The model we propose is most closely related to a more recent strand

of the literature on quantitative models of sovereign default with a production econ-

omy that accounts for an endogenous default penalty (Mendoza & Yue, 2012). We

contribute to the existing literature along three directions.

First, the production economy is augmented by a stylized financial sector with oc-

casionally binding collateral constraints. We focus on the wholesale funding squeeze

as the key transmission channel of sovereign risk during the European sovereign debt

crisis. This idea is formalized by modelling a heterogenous financial sector where

banks face idiosyncratic funding shortages and engage in interbank lending with gov-

ernment securities as collateral. As the collateral value hinges on the government’s

incentive to default on its outstanding debt, the constraint tightens when an adverse

shock increases default probabilities. Limited funding opportunities translate into

reduced economic activity as nonfinancial firms have to finance a fraction of the

wage bill upfront. In case of a default, the economy is distracted from foreign bor-

1See BIS (2011) for a detailed survey of spillovers from sovereign default risk to funding condi-
tions of banks in the European sovereign debt crisis.

2This observation can be generalized to previous episodes of sovereign default where the do-
mestic financial sector has also been a major concern for the default decision of local governments,
see Kumhof & Tanner (2008).
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rowing with a stochastic probability to reenter international financial markets which

is a typical assumption in the class of models based on the framework of Eaton &

Gersovitz (1981). Arellano (2008) points out that this exogenous cost of default

is not sufficient to disciplin the sovereign government enough in order to replicate

some stylized facts obtained from recent default episodes in emerging markets. We

show that the endogenous spillovers from sovereign risk through the breakdown of

interbank markets in case of a default event leads to inefficient allocation of fi-

nancial resources which triggers a substantial contraction of output. Endogenous

output contraction in response to outright default on international debt provides

one explanation of the so called Bulow & Rogoff (1989) paradox.3

Second, domestic banks in our setup have the ability to enforce the overall credibil-

ity of government debt through strategic asset purchases from international investors

on secondary bond markets, making public debt ex ante more efficient. Meanwhile,

domestically held debt poses ex post an additional endogenous penalty since banks

simultaneously default on a fraction of household deposits to cover their losses, am-

plifying the contraction of household consumption. While Broner et al. (2010) find

that secondary market trading prevents default from occurring along the equilib-

rium path, the adoption of a social planner solution in our model introduces a way

to collude against the foreigners such that optimal default remains a viable option

for the government. Also Guembel & Sussman (2009) demonstrate in a political

economy setting without default penalties that domestically held public debt has a

stabilizing effect on the repayment equilibrium if the sovereign cannot discriminate

between creditors. Partial defaults arise in their setup as an optimal write off of

public debt which maximizes utility of a median voter. Acharya & Rajan (2011)

account for ad hoc interdependencies between public debt and the domestic finan-

cial sector. They show that a myopic government has an incentive in increasing

the exposure of the domestic banking sector to default risk in order to increase the

short term debt capacity. Arslanalp & Tsuda (2012) present a new data set on

creditors of advanced countries’ sovereign debt positions which suggests that mo-

tives of strategic asset purchases as outlined in this paper might be at play in the

ongoing European sovereign debt crisis, where increasing shares of rising debt levels

of peripheral countries of the euro area are held by the domestic banking sector. We

3This paradox consists of the puzzle why international trading of public debt exists in a world
without enforceability of debt repayment. There is a long body of literature addressing this question
by pointing to various costs of sovereign default, many contributions arguing along the lines of
reputation losses (Cole & Kehoe 1998). See the literature review of Sandleris (2012) and the
references therein.
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rationalize this behavior in a dynamic setup with an optimal default decision of the

sovereign government which internalizes spillovers to the domestic financial sector.

Third, the government’s debt policy serves the role to provide a safe asset for

an efficient allocation of resources. Due to the stochastic funding needs of banks

in our model, it is optimal for intermediaries ex ante to buy government bonds

for collateral purposes at secondary markets, even in the presence of default risk.

The liquidity role of government securities arises from the borrowing constrained

financial sector. We make the simplifying assumption that intermediaries cannot

borrow on financial markets against their future income. As is shown by Holmström

& Tirole (1998), this borrowing constraint might arise from a moral hazard problem

which drives a wedge between the internal and external value of a firm. It should be

noted that the liquidity role of sovereign bonds in Holmström & Tirole (1998) is due

to the assumption that government debt is perfectly enforceable, thereby lifting any

borrowing constraints from the sovereign which finally makes public bonds superior

to other securities.4 By purchasing government debt for collateralized borrowing,

lending banks can exchange their illiquid claims against a liquid asset. The improved

efficiency regarding the allocation of resources gives rise to non-Ricardian effects of

changes in public debt. Under such conditions, public debt crowds in investment, as

was illustrated by Woodford (1990). Krishnamurthy & Vissing-Jorgensen (2012) find

in an empirical analysis that US Treasuries indeed serve as a medium of exchange

and are therefor similar to cash holdings as in the here presented framework. We

confirm this finding for comparatively low levels of public debt, while at the same

time we take a more differentiated view than the literature by showing that too high

debt levels lead to spikes in sovereign default risk which obstructs public securities

from taking a liquidity role in the economy.5

Relation with the literature: The literature on the interaction of sovereign default

risk and banking sector fragility is a very recent and growing strand of macroeco-

nomic research. Closely related to our paper is a model presented by Gennaioli et al.

(2012) where the default penalty is also endogenized by the inclusion of a domestic

financial sector. As intermediaries are leveraged in their setup, government default

triggers a bank lending channel which leads to a drop in the provision of credit to

the private sector. The degree of financial development matters in their model, since

4This idea has recently been re-discovered, see e.g. Gourinchas & Jeanne (2012) and Gorton &
Ordoñez (2013).

5Thus, the financial friction presented in this paper speaks against the irrelevance result of
public debt in the neoclassical model as argued by Barro (1974) and Wallace (1981).
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a better regulatory environment allows for higher leverage ratios in the financial sec-

tor. Guerrieri et al. (2012) analyze cross-country spillover effects of sovereign default

in a quantitative setting calibrated to the euro area. Default leads to ambiguous

effects in the defaulting and non-defaulting region via a bank capital channel and a

portfolio channel. Bolton & Jeanne (2011) account a collateral role to public debt

on the interbank market. In a setup with two financially integrated economies, safe

public debt receives a role of a public good. The resulting coordination problem

requires fiscal integration in order to remove the inefficiencies.

There is a growing number of papers trying to quantify the sovereign risk channel

in the New Keynesian paradigm without explicitly accounting for an optimal default

choice of the sovereign government. In the framework of Corsetti et al. (2012),

fiscal consolidation can have a positive effect on output if otherwise markets would

force agents into a bad equilibrium. Smets & Trabandt (2012) analyze the optimal

monetary policy response to high risk premia on public debt. A stabilization of

output can be reached in their framework through direct interventions on markets

for government bonds.

The next section reviews the empirical facts of sovereign risk and financial markets

in the euro area. Section 3 contains a detailed description of the model environment.

We discuss the model mechanics with spillovers from sovereign default risk to feasible

allocations in section 4. Section 5 documents the quantitative results and the final

section concludes.

2 Sovereign risk and financial markets in the euro

area

With the unfolding of the European sovereign debt crisis in the first half of 2010,

heterogeneity among sovereign default risk of eurozone member states increased

substantially (Fig. 2a). Higher default probabilities classified government bonds of

periphal eurozone countries no longer as safe assets. Sovereign risk premia rose to

non-sustainable levels for Greece, Ireland, and Portugal (Fig. 2b). Also Spain and

Italy came under pressure and had to commit in 2012 to austerity measures in order

to prevent further downgrading of their public debt by international investors.

Simultaneously, the funding situation of banks eroded and led to a funding squeeze
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on the liability side of bank balance sheets.6 Traditional sources of wholesale funding

offered no longer reliable access to short term needs of liquidity, mainly due to a

segmentation and partial breakdown of the interbank money market (Heider et al.,

2009). In markets for unsecured interbank lending, funding costs increased to levels

previously only reached in the global financial crisis (Fig. 3a). But also secured

interbank lending and government backed market-based lending was affected. The

share of government bonds from IMF programme countries Greece, Ireland and

Portugal in European repo transactions decreased from 3.7 percent in June 2008 to

0.3 percent in June 2012 (Fig. 3b). Government securities from those countries thus

no longer served as a mean to facilitate bank funding for the creation of credit. At

the same time, the fraction of total public debt held by the domestic banking sector

increased from 2007 to 2011 strongly in the European peripheral countries. Figure 4

shows the impact of the global financial crisis on Spanish government debt positions.

With a rising debt-to-GDP ratio following the financial crisis in 2008, Spanish default

probability as measured by credit default swaps increased strongly, leading to a

change in the creditor composition of Spanish government debt. While prior to the

crisis a relative stable share of about 50 percent of total Spanish government debt

was held abroad by international investors, this share fell by 20 percentage points

within only two years according to the Quarterly External Debt Statistics (QEDS)

of the IMF. As Arslanalp & Tsuda (2012) document empirically, the increasing

exposure to sovereign default risk of domestic banks was a general phenomenon

during the European sovereign debt crisis.

The experience of the European sovereign debt crisis shows that spillovers from

sovereign default risk can lead to severe dysfunctionalities in the financial intermedi-

ation process with adverse consequences for real economic activity. While causality

in this case certainly goes into both directions7, we next present a theoretical model

to deepen our understanding of the transmission channels from increased sovereign

risk to financial market fluctuations and economic outcomes.

6See BIS (2011) for a detailed analysis of the various spillover channels from sovereign default
risk to bank funding conditions.

7There is a rapidly growing empirical literature on the interlinkages of public sector risk and
financial risk, see Kallestrup et al. (2011), Gilchrist et al. (2012), Radev (2012).
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3 Model environment

The core of the model is an infinite horizon small open economy RBC model which

is augmented by a government sector which cannot fully commit to repay its debt.

The novel block is a a heterogeneous financial sector8 with an idiosyncratic demand

for funding liquidity that allocates financial resources on collateralized interbank

markets. The outcome for real sector allocations hinges on the provision of working

capital to nonfinancial firms. A detailed overview on the timing of events is provided

in the Appendix.

3.1 Households

A representative household derives utility from consumption and leisure. It owns

all domestic firms and receives generated profits in a lump sum fashion a the end of

each period. The optimization problem of the household is static, choosing optimal

consumption and labor supply. We assume that the household saves a constant

amount Dt+1 =Dt+1+i ∀i ∈ N each period and consumes all other available re-

sources according to a flow budget constraint. Consumption smoothing can only

be obtained by government transfers. We thereby follow the motivation typically

provided for government transfers and international borrowing in the literature on

sovereign default.9 The household maximizes the function

max
{Ct,Lt}

E0

∞∑
t=0

βtU(Ct, 1− Lt),

s.t. Ct +Dt+1 = WtLt +DtRt + Tt + Πt, (1)

where Πt = ΠF
t + ΠNF

t are financial and nonfinancial firms’ profits respectively,

and Tt are lump-sum government transfers. Labor supply is pinned down by the

8We will use the terms financial intermediary and banks interchangeably throughout the paper.
9Among others, Aguiar & Gopinath (2006), Arellano (2008) and Mendoza & Yue (2012) use

private consumption smoothing as the sole motivation for government borrowing. An alternative
explanation for international sovereign debt could be to finance public expenditures and mini-
mize the distortionary effects of taxation. Cuadra et al. (2010) consider the case where private
households explicitly derive utility from government spending. Since consumption and government
spending enter additively seperable into their household utility function, the government finally
engages in utility smoothing which collapses qualitatively to consumption smoothing under the
here adopted specification.
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combined first order conditions for consumption and labor:

−UL(Ct, 1− Lt)
UC(Ct, 1− Lt)

= Wt (2)

3.2 Nonfinancial firms

There is a competitive nonfinancial sector in the economy which produces a tradeable

final good with a Cobb-Douglas production function. Profits are maximized by the

choice of labor input at a constant capital stock K. A working capital requirement

links financial market conditions to real economic activity. Each perdiod, a fraction

η of the wage bill needs to be paid at the beginning of the period to workers.

Since nonfinancial firms do not have the possibility to save, they obtain credit from

domestic banks at the endogenous interest rate rκt . The nonfinancial firm’s problem

takes the form:

max
{Lt}

Et

∞∑
t=0

Λt,t+iΠ
NF
t

with ΠNF
t = Yt −WtLt − κtrκt ,

Yt = eAtKαL
(1−α)
t , (3)

s.t. κt ≥ ηWtLt, η ≥ 0. (4)

Since working capital is costly, the constraint in equation (4) holds with equality

in equilibrium. The resulting first order condition for labor demand equates the

marginal product of labor to the marginal cost which consist of the wage rate plus

capital cost from working capital borrowing.

(1− α)eAtKαL−αt = Wt(1 + ηrκt ) (5)

The only source of aggregate risk comes from a standard transitory shock on total

factor productivity εt:

At = ρAt−1 + εt, (6)

with 0 < ρ < 1, εt ∼ N (0, σ2
ε).
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3.3 Financial intermediaries

Financial intermediation is motivated by the need for financing a share of input

factors in the production process up front. Only a domestic financial sector has

the ability to lend money to nonfinancial firms to finance working capital loans.10

Intermediaries bear an idiosyncratic funding constraint on the domestic interbank

market. The tightness of the intra-period borrowing constraint depends on the

default risk of the sovereign, which itself is a function of the aggregate state of the

economy.

The financial sector consists of heterogeneous banks of measure one. As noted

in the household decision problem, there is a constant amount of deposits (Dt =

Dt+i, ∀i ∈ N) which are auctioned to banks at the end of each period. Banks lend

on these financial recources in the consecutive period to the domestic productive

sector. We assume two frictions in this process.

First, there is ex ante uncertainty over the funding demand of a bank in period

t. There are two types of banks in the model, τ ∈ {`, n`}. At an exogenously

given probability π`, a bank will be a lending bank of type `. This bank meets a

nonfinancial firm in period t to which it is able to make a loan offer. In contrast, a

bank turns out to be a non-lending bank (type n`) at probability πn`, and we assume

that π` + πn` = 1. These banks will not face the opportunity to provide a loan to

the real sector. Instead, type n` banks will hold intra-period excess liquidity which

they can offer to type ` banks at a domestic interbank market at the endogenous

interbank market rate rMt . Alternatively, both types of banks can make unlimited

use of the deposit facility at the central bank with a riskless return of rcbt which is set

by the monetary authority. As lending banks are short on funding in equilibrium,

this gives rise to the reallocation of funds across banks at the interbank market.11

Note that in this setup idiosyncratic liquidity demand poses no aggregate risk to

the banking sector.

The second friction we assume is a collateral requirement on the interbank market.

A fraction χ of interbank market lending needs to be collateralized with government

securities, priced at the period t liquidation value at international bond markets.

Hence, banks purchase government bons on secondary bond markets from interna-

tional investors for funding purposes. Given that banks account an option value to

10We abstract from a microfoundation of the intermediary for simplicity. Diamond (1984) pro-
vides a theory for the existence of financial intermediaries due to a cost advantage in monitoring.

11Gertler & Kiyotaki (2011) use a similar assumption in order to introduce an interbank market.
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government bond holding, we make the following simplifying assumption regarding

the pricing decision on q̃t for bonds traded at secondary markets:

Assumption 1 Domestic banks may purchase government bonds from international

investors at the primary bond market price, hence q̃t = qt. Market clearing on the

secondary bond market requires that the total supply of bonds are either held by

domestic intermediaries (BF ) or by international investors (Bι):

Bt = BF
t +Bι

t (7)

One might think of the collateral requirement as a limitation of the borrowing

bank ` to plegde future income for repayment (Holmström & Tirole, 1998), or as

a shortcut for the solvency risk of the borrowing bank.12 The collateral require-

ment is essential to link financial market conditions to the default probability of the

sovereign. Besides, by taking the bond price as given from the profit maximization

problem of international investors, we prevent that banks price government bonds

at a liquidity discount in the primary bond market. Although there is evidence that

sovereign bonds trade at a liquidity premium at financial markets (Krishnamurthy

& Vissing-Jorgensen, 2012), we adopt this pricing rule to simplify the solution al-

gorithm.13

Banks maximize expected profits in two steps. First, banks make an optimal

portfolio choice under uncertainty over period t+ 1 productivity and type τ . After

collecting deposits from households, banks choose optimally to invest funds either in

government bonds BF
t+1, or in cash holdings St+1. Cash and government bonds are

no perfect substitutes. Cash is an inter-period storage technology and can be trans-

ferred to lending activities in period t + 1 directly, whereas government bonds pay

a return and provide funding liquidity only indirectly as collateral on the interbank

market in case of no government default. Hence, banks optimize according to ex-

pected payoffs from lending activities and default decision of the government. Since

banks take their decision before uncertainty over technology and type in period t+1

is revealed, all banks are symmetric in the beginning, so we have Xτ
t+1=πτXt+1 for

X ∈
{
D,BF , S

}
. Formally, the optimization problem takes the form:

12Heider et al. (2009) present a partial equilibrium model of an interbank market with counter-
party risk.

13Holmström & Tirole (2001) provide an asset pricing model which accounts for liquidity effects.
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max
{BFt+1,St+1}

Et

Dt+1 − qtBF
t+1 +BF

t+1 −Rd
tDt+1 +

∑
τ∈{`,n`}

πτVτt+1(BF
t+1, St+1)


s.t.

Dt+1 = qtB
F
t+1 + St+1 (8)

which is subject to a balance sheet constraint. The expected payoffs from lending

activities conditional on type τ and given cash and government bond holding is

denoted by Et
[
Vτ (BF

t+1, St+1)
]
. The first order conditions for government bonds

and cash holding are

Et
[
Rd
t+1qt

]
= Et

[
1 + π`λ`t+1qt+1

]
, (9)

Et
[
Rd
t+1

]
= Et

[
1 + π`rκt+1 + πn`rMt+1

]
. (10)

The first relationship sets costs of bond purchases equal to their returns adjusted

for the option value bonds have as collateral on the interbank market at the prob-

ability of becoming a lending bank next period. The second condition relates the

price of funds in retail markets to the probability weighted returns from lending

activities. Combining (9) and (10) shows that expected returns from government

bond purchases and cash holdings are equal in equilibrium:

Et
[
1 + π`rκt+1 + πn`rMt+1

]
= Et

[
1 + π`λ`t+1qt+1

qt

]
The second step is a decision under certainty over optimal interbank market bor-

rowing. Aggregate risk At realizes and types τ are revealed. Then, banks maximize

profits according to their type and in anticipation of the government default de-

cision.14 We start with lending banks which maximize returns from loans to the

nonfinancial sector κt, taking BF
t , St and Dt as given and borrowing at the domestic

wholesale funding market the amount Mt subject to a balance sheet constraint and

a collateral constraint. The credit market equilibrium might imply a very low rate

of return for credit, such that the intermediary is allowed to invest into central bank

14We hereby assume that the decision problem of the sovereign is known to banks and its outcome
can be anticipated by the realization of the aggregate exogenous state variable At.

10



deposits Dcb,`
t at the rate rcbt which is set by the monetary authority.

V`t = max
{κt,Mt}

rκt κt +Dcb,`
t rcbt − rMt Mt

s.t.

D`
t +Mt = qtB

`
t + κt +Dcb,`

t

with (8) ⇔ S`t +Mt = κt +Dcb,`
t (11)

qtB
`
t ≥ χMt (12)

Dcb,`
t ≥ 0 (13)

The collateral constraint in equation (12) implies that lending banks can obtain ad-

ditional funding only up to a fraction χ of the market value of government securities

currently on the balance sheet. As financial sector holding of government debt is

an endogenous state variable , this constraint establishes the inter-temporal dimen-

sion of the banks’ portfolio choice. The non-negativity constraint on central bank

deposits in equation (13) is due to the real setting of the model, where financial

resources are backed by a numeraire good and therefor cannot be generated by the

central bank. The first order conditions with respect to credit and central bank

deposits yield the following relationships:

rκt − rMt = λ`tχ (14)

rκt ≥ rcb (15)

The first condition links the spread on the interbank market to the tightness of

the collateral constraint. If the collateral constraint is not binding (λ`t = 0), or

interbank lending does not require collateral (χ=0), the interbank market would

allocate resources efficiently and one obtains rκt = rMt . The second relationship is a

participation condition for lending banks on the credit market.

Non-lending banks have two investment opportunities. They can either make

loans to lending banks on the domestic interbank market Mt, or deposit their funds

into the same central bank facility as lending banks. Their optimization problem is

11



subject to a balance sheet constraint and takes the form:

Vn`t = max
{Mt}

rMt Mt + rcbt D
cb,n`
t

s.t.

Dn`
t = qtB

n`
t +Mt +Dcb,n`

t

with (8) ⇔ Sn`t = Mt +Dcb,n`
t (16)

Dcb,n`
t ≥ 0

The first order condition yields a participation condition for non-lending banks which

sets an effective lower bound on interbank market rates:

rMt ≥ rcb (17)

Additionally, market clearing on interbank markets implies from (11) and (16) that

all cash holdings in the financial sector are either used as credit for the nonfinancial

sector, or stored at the central bank:

S`t + Sn`t = κt +Dcb
t (18)

with Dcb
t = Dcb,`

t +Dcb,n`
t

Aggregate financial sector profits amount to

ΠF
t = BF

t − qtBF
t+1 −Rd

tDt +Dt+1 + rκt κt + rcbt D
cb
t (19)

3.4 Central bank

Scope for central bank intervention is very limited in the baseline model. It’s only

decision variable is the deposit rate rcbt . Changing rcbt has a first order impact on the

interbank market rate rMt via the participation condition in (17). However, there is

also an indirect effect on the deposit rate rdt through the banks’ first order condition

on cash holding (10).

As the central bank does not generate any income from open market operations,

the central bank makes losses if banks decide to hold deposits within the central

bank. We therefore interpret Dcb
t as excess reserves which only occur in the regime

with a binding collateral constraint, or in default episodes. Period t profits amount
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to

Πcb
t = −Dcb

t r
cb
t (20)

which are transferred lump-sum to the government. Hence, excessive reserves incur

two sort of losses to the real economy. First, they restrict the credit activity in

economy as can easily be inferred from (18). Second, they weigh on the government

budget and reduce the amount transferred to households from government borrow-

ing, as will become clear below. For the time being we consider no active role for

monetary policy and fix rcbt at an exogenously given level r̄cb.

3.5 Partial equilibrium

Due to the linearity of the bank decisions under certainty, we can solve for the

equilibrium allocations and prices recursively once the aggregate risk materializes.

The set of equilibrium conditions which describe the optimal behaviour of the private

sector over allocations [Lt, κt, Mt, D
cb
t ] and prices [Wt, λ

`
t, r

d
t , r

M
t , rκt ] while taking

as given [qt(Bt, B
F
t , At), r

cb
t , At], and starting values for (BF

0 , S0) are pinned down

by the 9 equations (2), (4), (5), (8), (11), (12), (14), (16), and (17). Under the

default regime we have the limiting case that Mt → 0.

The optimal debt policy of the government as described in the following section

are state dependent, conditional on the realization of the exogenous state At and

the endogenously predetermined state variables Et ∈ (Bt, B
F
t ). Three equilibrium

regimes arise as possible outcomes from the partial equilibrium (Fig.1).

Figure 1: Equilibrium regimes

R3 R2 R1

In case of high realisations of aggregate productivity (At > Āt | Et), the collateral

value of government debt is high such that the collateral constraint is not binding.

Instead, supply of interbank loans from non-lending banks is constrained by the cash

holdings of type n` banks. In this case we have rMt = rκt > rcbt .

With lower productivity at the same set of endogenous state variables (At>

At <Āt | Et), the collateral constraint gets binding. The default probability of the
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sovereign increases and reduces the collateral value of bonds. Non-lending banks

cannot offer all available cash holdings on the interbank market and are building

excess reserves at the central bank which weigh on the economy. Below the default

threshold (At < At | Et), the government will decide to default on its debt. In the

default regime, we have the limiting case that Mt → 0 since the interbank market

will break down.

3.6 Government

The sovereign cannot fully commit to repay its debt. In particular, conditional on

the state s ∈ (B,BF , A) of the economy, the government may optimally choose

to default on its debt if this is welfare maximizing in terms of household utility.

Formally, the optimal default choice consists of maximizing the following function

V (B,BF , A) = max
{c,δ}

{
V c(B,BF , A), V δ(0, 0, A)

}
, (21)

where V c(·) denotes the value if the government decides to continue to repay its

debt obligations, and V δ(·) denotes the value under default.

In case the government decides to repay its debt, it borrows from international

financial markets by selling bonds B′ at the market price q < 1. This bond pays

back B′ units of consumption goods in period t + 1 if the government does not

default. Government borrowing serves a consumption smoothing purpose for private

households via direct transfer payments Tt according to the implicit flow budget

constraint

Tt = Πcb
t +Bt − qtBt+1, (22)

where negative assets Bt+1 < 0 denote government borrowing, and central bank

profits Πcb
t enter the government budget constraint. Optimal new borrowing in case

of no default maximizes the following value function

V c(B,BF , A) = max
{C,L,κ,M,BF ′,B′}

{
U(C, 1− L) + β

∫
A′
Et
[
V (B′, BF ′, A′)f(A′, A)dA′

]}
,

subject to the aggregate resource constraint in the economy

Ct + qt(·)Bι
t+1 −Bι

t = eAtKαL1−α
t , (23)
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and the set of partial equilibrium conditions laid out in section 3.5. Bι
t denotes

the fraction of government debt held by international investors.Note that under the

given formulation, the government internalizes the effect of its borrowing choice on

the tightness of the collateral constraint on the interbank market via the asset price

q(B′, BF ′, A). However, given that the government cannot remove the collateral re-

quirement by taking away the informational asymmetries underlying the constraint,

it only achives a constrained efficient outcome.

In case the government decides to default on its debt, it starts the following period

with zero assets. In line with the literature, we assume that foreign investors penalize

the government by cutting off lending in the consecutive periods. We assume an

exogenous probability of reentering capital markets of θ > 0. Hence, the value of

choosing default can be formalized by

V δ(0, 0, A) = max
{C,L,κ}

{
U(C, 1− L) + β

∫
A′
Et
[(
θV (0, 0, A′) + (1− θ)V δ(A′)

)
f(A′, A)dA′

]}
s.t. the set of partial equilibrium conditions in the limiting case that Mt → 0 from

section 3.5 and the resource constraint under autarky

Ct = eAtKαL1−α
t . (24)

As becomes clear by now, the model combines several types of default penalty. First,

there is the exogenous threat of autarky as proposed by Eaton & Gersovitz (1981).

Second, there is an endogenous default penalty through the break down of a certain

segment of financial intermediation, i.e. interbank lending, which leads to a drop

in aggregate production. The transmission channel is significantly different from

Mendoza & Yue (2012). Spillovers from sovereign default risk lead to an inefficient

allocation of financial resources in the presence of uncertainty over funding needs.

This is a gradual phenomenon, since a binding collateral requirement restricts reallo-

cation of funding sources already before default occurs. Third, there are endogenous

direct costs of default from domestically held debt. In case of a default, banks can-

not repay the entire amount of deposits to households which leads to an additional

drop of household consumption (Guembel & Sussman, 2009).

The default set Γδ is defined as the optimal default choice of the government given

all possible realisations of productivity:

Γδ(B,BF ) =
{
A ∈ s : V δ(0, 0, A) > V c(B,BF , A)

}
15



The default probability is defined as the cumulative probability density from the

default set:

πδt (B
′, BF ′, A) =

∫
Γδ(B′,BF ′)

f(A′, A)dA′

Proposition 1 For any pair of bond positions B̄ < B ≤ 0 conditional on identical

remaining state varialbes (A,BF ), if default is optimal for B it is also optimal for

B̄. Besides, default probabilities satisfy πδ(B̄, BF , A) > πδ(B,BF , A).

Proof. See Appendix.

3.7 International lenders

International lenders are risk neutral and purchase government bonds on the primary

market for government debt. They face a riskless investment opportunity with

returns rf . Government bonds are priced according to the arbitrage condition

qt(Bt+1, B
F
t+1, At) =

(1− πδt (Bt+1, B
F
t+1, At))

1 + rf
, (25)

where πδt (Bt+1, B
F
t+1, At) is the default probability of the sovereign government from

above.

Proposition 2 The equilibrium bond price satisifies q∗(B̄, BF , A) < q∗(B,BF , A).

Proof. See Appendix.

3.8 Equilibrium

The model’s recursive equilibrium is given by

1. Value functions V , V c, and V δ for the government;

2. Policy functions of the government’s default decision δ, and future borrowing

B′, and BF ′ ;

3. Policy functions for the private sector decisions on C, L, κ, and M ;

4. A bond pricing equation for q;

16



such that given the government policies and the bond pricing equation, the house-

hold policies for consumption and labor solve the household’s problem; given the

bond pricing equation, the banking sector decisions maximize financial sector profits;

the consumption plan C(B,BF , A) satisfies the resource constraint of the economy;

the transfer policy T (Bt, B
F
t , At) satisfies the government budget constraint; given

Γδ(B,BF ) and πδt (B
′, BF ′, A′), the bond pricing function q(B′, BF ′,A′) satisfies the

arbitrage condition of foreign lenders.

4 Spillovers from sovereign default risk

4.1 Calibration and solution method

We use the model in order to analyze qualitatively and quantitatively the spillovers

from sovereign default risk to financial intermediation and real economic outcomes as

laid out in section 2. For the calibration of the production function and household

preferences, we take standard values from the literature for the capital share of

output α, the degree of risk aversion γ, and the wage elasticity of labor supply ω.

The riskfree rate Rf is 1.0 percent at a quarterly frequency, which is a commonly

used value in the literature and which is in line with the average yield of German

government bonds at a maturity of 10 years.

The remaining parameter values are chosen to fit Spanish data. However, given

non-monotonistic interdependencies between different parameter values, the final

calibration of the model is still work in progress at this stage. However, we provide

adequate calibration targets in this section, which remains to be completed.

The constant capital stock K is calibrated to yield a capital-to-output ratio in

the stochastic steady state of 3.5.15 We use the calibration strategy of Schmitt-

Grohé & Uribe (2007) to find the value of η which determines the working capital

requirement. To this end, we take the average ratio of the Spanish contribution to

euro area M1 to nominal quarterly GDP over the period 2000q1 to 2008q2.16 Using

the estimate of Mulligan (1997) for the US economy, roughly two-thirds of M1 are

held by domestic firms, which yields an aggregate ratio of working capital loans to

GDP of 0.7 in the data. This yields a parameter value for η of x.

15Estimations from the European Commissions’ Ameco database are averaged over the available
sample period ranging from 2000 to 2011.

16Since the ECB started a full-allotment strategy in its open market operations in October 2008,
we cut off the sample after the second quarter in 2008. Besides, a structural break of M1 in 2005q2
is adjusted downwards in our calculation.
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The parameters β, χ and θ determine the properties of sovereign debt accumula-

tion. The household discount factor β will be calibrated to fit an average debt-to-

GDP ratio of 51 percent. The probability of reentry after default θ is set to x which

determines the spread of Spanish government debt over German Bund of 0.374 per-

centage points at a quarterly frequency from 1991q2 to 2012q4. This implies that a

country remains for 1
1−θ quarters in autarky after default occurs.17 The intensity of

the collateral requirement χ governs the incentives to hold government debt on bank

balance sheets and therefore determines the fraction of total government securities

held by domestic banks.18 According to data from the World Bank Quarterly Ex-

ternal Debt Statistics (QEDS), on average about 50 percent of total Spanish public

debt are held domestically. This requires to set χ = x.

Finally D and π` are calibrated to fit the tightness of the credit constraint in the

economy. The constant amount of financial resources in the economy D determine

the average lending rate in the economy which is calibrated to data from the IFS

database from the IMF. The probability of being a lending bank in the next period

governs the stochastic funding needs of the financial sector on the interbank market.

We choose π` such that the model economy remains for most of the time during the

simulations in the state of an unconstrained regime (R1). See Table 1 for a summary

of parameter values.

In order to find a solution to the model described in section 3.8, we follow the

literature on quantitative models of sovereign default using value function iteration

on the government problem for a discrete state space.19 The exogenous state variable

is defined on a grid with 11 nodes. We use Tauchen’s (1986) procedure to discretize

the state space of total factor productivity according to its law of motion from

equation (6). The autocorrelation ρ and volatility σε are chosen such that the output

series generated in the model simulations absent any default has the same degree of

persistence and volatility of Spanish GDP measured over 1995q1 to 2011q1.20 The

endogenous state variables are defined over a grid of B ∈ [−3, 0.1] and BF ∈ [0, D]

17Gelos et al. (2011) find that the average autarky period is empirically very short.
18However, the strategic exposure of banks to sovereign credit risk may contribute to higher

domestic debt holding when the overall indebtedness is high.
19We are currently implementing the model solution along a continuous state space approach

using Chebyshev polynomials or cubic spline interpolation to find endogenously the gridpoint,
following Hatchondo et al. (2010). This will not only increase the computational efficiency of the
algorithm, but also provides us with more precise results for the policy functions which are used
for simulations in the next step.

20Data for output is obtained from the national statistics institute (INE). We take the logarithm
of the GDP series and extract the cycle with an HP-filter, setting the smoothing parameter λ to
1600. This yields std(logGDP ) = 1.20 percent and corr(log(GDPt), log(GDPt−1)) = 0.94.

18



with 35 and 25 gridpoints, respectively. We make sure that the boundaries of total

government debt are not binding along the simulated equilibrium path. However,

the boundaries of debt held by the financial sector may well be binding during

simulations.

4.2 Government finance, financial intermediation and feasi-

ble allocations

The transmission channel from sovereign default risk to financial markets and fea-

sible allocations for production is illustrated by the functions for optimal policy.

Figure 5a shows the default decision of a sovereign given the current state of the

world, s ∈ (A,B,BF ). The regimes Rx with x ∈ (1, 2, 3) denote the unconstrained,

the collateral constrained, and the default regime, respectively. Default is more

likely in states with high public debt positions (B << 0). At the same time, it is

also more likely that the government chooses not to repay its debtors if the amount

of domestically held debt is low (BF → 0 ). The collateral constraint tends to bind

in states with low amounts of domestically held debt on banks’ balance sheets.

Default incentives spill over to financial markets via the pricing decision for public

debt by international investors. In the extreme case of a default, the asset price drops

to zero (Fig. 5b). As the collateral value for government bonds currently on the

balance sheet of financial intermediation is equal to the market price on secondary

bond markets, lending banks can no longer attract financial resources from non-

lending banks; the interbank market breaks down (Fig. 6a). As a consequence,

the available amount of credit which can be extended to the productive sector is

limited to cash holding of lending banks (Fig. 6b). The more banks’ financial

resources are tied to holding of public debt as collateral, the more severe is the

credit crunch induced by a breakdown of interbank intermediation in response to

increased sovereign default risk. [ - To be completed: Show in how far the intensity

of spillovers depend on parameter χ, the required collateral for interbank borrowing.

- ]

A breakdown of the interbank market shrinks the availabel set of allocations

for the production sector of the model economy. The working capital assumption

imposes an upper bound to the amount of labor which can be employed in the

economy. From eq. (4) we get the equilibrium condition Lt = κt/(ηWt). Hence, as

κt drops in case of an inefficient allocation of financial resources in absence of an

19



interbank market, output declines (Fig. 6c). The public sector can only partially

smooth consumption, since it has to account for spillovers from its borrowing decision

(Fig. 6d). [ - To be completed: Show how effects on the real economy depend on the

intensity of the working capital requirement (η), availabel financial resources (D),

and the wage elasticity of labor supply (ω). - ]

4.3 Domestically held debt as strategic complement

In case the government decides to repay its debt, new borrowing depends on the

already accumulated outstanding debt (Fig. 7a). Higher period t debt levels imply

higher borrowing in the consecutive period. This follows directly from the consump-

tion smoothing motive for public borrowing, since only net changes in the debt level

have an impact on household consumption.

Interestingly, the decision of banks to hold government debt as collateral is linked

to the public debt policy (Fig. 7b). As it is evident from the default decision, higher

public debt levels increase the incentive to default. The financial sector can influence

the cost of default by increasing its own exposure to sovereign risk. Therefore, the

probability to default decreases in case large fractions of total public debt are held

domestically. This allows simultaneously relatively large debt-to-GDP ratios and

low sovereign risk premia in the stochastic stationary state. [ - To be completed - ]

5 Quantitative results - (Only outline)

5.1 Stochastic stationary state and cyclical behaviour

This subsection hinges on the final calibration of the model. Of interest is the

stochastic stationary state and the cyclical behavior of variables. Very preliminary

results are summarized in Table 2 and 3.

5.2 Output dynamics during financial market turmoil

This section will address simulated default events. Given the final calibration for

Spanish data, we intend to show output dynamics around default events in an event

window of 12 quarters prior and after the sovereign default.21 This will allow us

21For dynamics of one default event see Fig. 8. We intend to provide the mean of aggregate
variables over more than 100 simulated default events.
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to draw conclusions on the co-movement of financial sector variables such as ag-

gregate credit supply, the interbank market and real economic activity (output and

consumption) during periods of financial market turmoil.

Furthermore, the sensitivity analysis will provide us with some guidance on policy

conclusions: How fast does output recover? On which determinants (parameters)

does it depend? Can we derive policy implicatios?

6 Conclusion

In this paper, we propose a quantitative theory of sovereign risk premia and finan-

cial intermediation in the European sovereign debt crisis. Spillovers from sovereign

default risk to financial markets are the main driver for output losses in times of high

default probabilities. Domestically held debt alters typical patterns of sovereign de-

fault decisions and provides a strategic tool for the financial sector to lower default

incentives.

The paper contributes to the existing literature on quantitative models of sovereign

default in emerging markets, and combines it with the literature on financial market

frictions. By explicitly modelling the link of government debt policy to the wholesale

funding opportunity of banks, it provides policy makers with a better understanding

of the interconnections of fiscal policy and financial market fluctuations.

[ - to be completed - ]
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A Tables and Figures

Table 1: Calibrationa)

Parameter Value Target
Preferences and production

Capital share of output α 0.32 b)

Risk aversion γ 2 b)

Wage elasticity of labor supply ω 1.455 b)

Riskless rate Rf 1.01 b)

Household’s discount factor β 0.99 risk premium
Household savings D 1.50 lending rate
Capital stock K 9 capital-output ratio
Working capital requirement η 0.70 2

3
(M1/GDP ) c)

Persistence of TFP shock ρ 0.92 d)

Std.dev. of TFP shock σε 0.025 d)

Financial sector
Probability for being lending bank π` 0.55 tbd
Collateral requirement χ 0.45 domestic debt
Probability of reentry θ 0.20 debt-to-GDP ratio

Notes: a) Final calibration not yet determined. b) Standard calibration values used in
the quantitative literature on open economy RBC models as in Mendoza & Yue (2012)
and Uribe & Yue (2006). c) Following Schmitt-Grohé & Uribe (2007). d) There are two
alternatives to fix parameters σε and ρ: i) direct estimation of TFP, and ii) calibration
to mimic std and autocorr of output.
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Table 2: Stochastic stationary state

Baseline Robustness

η = 0 η = 0.45 ω = 2
χ = 0 χ = 0

Debt-to-GDP ratio 49.99 tbd tbd tbd
(0.11) (Std) (Std) (Std)

Share of debt held domestically 25.61 tbd tbd tbd
(0.04) (Std) (Std) (Std)

Sovereign risk premium 0.01 tbd tbd (Std)
(0.00) (Std) (Std) (Std)

Probability of default 0.01 tbd tbd tbd
(0.00) (Std) (Std) (Std)

Time spent in autarky 0.03 tbd tbd tbd
(0.00) (Std) (Std) (Std)

Time with binding collateral constraint 11.64 tbd tbd tbd
(0.10) (Std) (Std) (Std)

Notes: All in percentage points. Quantitative results reported as mean over all
simulations with standard deviations in parantheses. Column (I) reports the results
given parameter values as in the baseline calibration from Table 1. Column (II)
reports results given calibration from the sensitivity analysis. Further sensitivity
analysis intended over parameters ω and η, as these drive the elasticity of labor input
in response to credit market disruptions.

Table 3: Cyclical behavior

Std(X) Corr(X,Y ) Corr(Xt, Xt−1)

Output 5.03 - 0.70
Consumption 4.44 0.82 0.59
Credit 4.32 0.84 0.64
Interbank lending (tbd) (tbd) (tbd)
Sovereign risk premium 0.45 -0.02 -0.03

Contemporaneous correlations:

Corr(1/qt,Mt) (tbd)
Corr(Bt, B

F
t ) (tbd)

Notes: Quantitative results reported as mean over all simulations.
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Figure 2: Sovereign default risk

(a) Credit default swaps (10Y) (b) Government bond yields (10Y)

Source: Datastream.

Figure 3: Spillovers to bank funding conditions

(a) Interbank market spread (b) Collateral in European Repo transactions

Note: Interbank spread calculated as 3M-Euribor minus 3M-Eonia swap.
Source: European Banking Federation, ECB, ICMA survey.
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Figure 4: Evolution of Spanish debt positions

Figure 5

(a) Regime R(s) ∈ (1, 2, 3) (b) Asset pricing q(s, E′)

Note: The policy functions depend on the current state s ∈ (A,B,BF ), as well as
on the asset price q(A,B′, BF ′) which itself depends on the choice of the endogenous
state variables E′ ∈ (B′, BF ′). The graphs therefore show optimal policy for a given
realization of productivity A. In how far the optimal policy decision depends on the
endogenous state E ∈ (B,BF ) can be read along the x- and y-axis of the 3 dimensional
graphs. The vertical z-axis accounts for the optimal choice on the future endogenous
state E′ and the implied pricing decision of international investors.
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Figure 6

(a) Interbank lending M(s, E′) (b) Credit κ(s, E′)

(c) Output Y (s, E′) (d) Consumption C(s, E′)

29



Figure 7

(a) Government choice B′(s) (b) Portfolio decision BF ′(s)

Figure 8: Financial turmoil dynamics (log-deviations)
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B Timing

Figure 9: Timing of events

1. Uncertainty is revealed over At and τ

2. Production starts

(a) Banks start with end of period t − 1 balance sheets. Banks use cash

reserves St to maximize profits according to their type (κt, Mt, D
cb
t ), and

under the collateral constraint given the amount of government bonds

BF
t . International investors and banks know the government problem

and anticipate the default decision. Hence, they price qt accordingly.

(b) Nonfinancial firms choose labor input Lt and loan demand κt and payout

workers the fraction η of the wage bill. Production begins. The labor

market clears according to households and firms first order conditions.

3. Income is distributed

(a) Firms receive proceeds from production Yt. They pay the remaining

fraction of the wage bill (1− η) and loans.

(b) Lending banks repay their interbank loans. Non-lending banks retrieve

deposits from the central bank. All banks pay out savings deposits Dt.

4. Government makes optimal debt policy decision

(a) Take default decision conditional upon state variables s = (At, Bt, B
F
t ).

(b) Decide over next period total government debt Bt+1 and bank portfo-

lio (BF
t+1, St+1); this implies maximizing household utility by choosing

optimal transfer payments Tt.

5. Bank profits net of loss given default ΠF
t are rebated to households. New

deposits Dt+1 are collected, and final consumption Ct takes place.
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C Algorithm

The state space s ∈ (A,B,BF ) is defined over an exogenous state X ∈ (A) and

endogenous state E ∈ (B,BF ). We discretize the productivity shock using the

quadrature method (Tauchen, 1986) to obtain a Markov transition matrix on a grid

with NA finite elements. The endogenous state variables are defined over discrete

grids. Financial sector bond holding covers the interval [0, D] with NF elements.

Government assets span the interval [Bmin, Bmax] with NB elements on the grid.

We ensure that the limits of the grid over government assets are not binding in

equilibrium. The discretized state space is given by s = NA × NB × NF finitely

many elements.

1. Start the iteration on the bond price with q0(B′, BF ′, A) = 1/(1 + rf ) for all

A, B′ and BF ′. Note that we condition on the triplet (B′, BF ′, A), containing

future endogenous state E ′. (Start pricing-loop)

2. Use the set of partial equilibrium conditions and the initial bond price q0(B′, BF ′, A)

to decide over period t allocations for all elements of the state space s.

3. Government credit policy: (Start VFI-loop)

(a) Initialize the government’s value functions V (B,BF , A), V c(B,BF , A),

and V δ(0, 0, A).

(b) Compute V c
1 =V c(B,BF , A) = U(C, 1− L) + βEt

[
V (B′, BF ′, A′)

]
. Due

to the simultaneity of choice over B′ and BF ′, we need to formulate a re-

action function BF ′ = F(B′) to internalize the banks’ optimal portfolio

decision given governments choice B′. Calculate E ′ from (NB,F(NB)),

and combine it with the transition probability matrix to form expecta-

tions over future exogenous state X ′ which completes the future state

s′ ∈ (A′, B′, BF ′).

(c) Compute V δ
1 =V δ(0, 0, A)= U(C, 1−L)+βEt [θV (0, 0, A′)+(1−θ)V δ(A′) ].22

(d) Take default decision, δ ∈ (0, 1), by picking utility maximizing policy un-

der the repayment regime (B′∗)and comparing it to the default regime,

max(V c
(B′∗), V

δ). Optimal government policy consists of the default deci-

sion and the utility maximizing choice B′∗ conditional on state s. In case

the reaction function BF ′ = F(B′) exists, this pins down period t + 1

endogenous state E ′ ∈ (B′, BF ′).23

22We denote V (0, 0, A′) as V reentry in the matlab code.
23This means that there must exists a one to one mapping F from B′ to optimal BF ′, such that
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(e) Check for convergence: If max{supnorm[V c
0 − V c

1 ], supnorm[V δ
0 − V δ

1 ] }
< εV FI stop, else set V c

0 = V c
1 and V δ

0 = V δ
1 and go back to step (b).

(End VFI-loop)

4. Using the default set Γδ(B,BF ) to compute the default probability πδ, we can

update the bond price equation according to international investor’s pricing

condition q1 = 1−πδ
1+rf

.

5. Check for convergence: If supnorm[q0 − q1] < εq stop, else set q0 = q1 and go

back to Step 2. (End pricing-loop)

we do not have to search for a grid over BF or perform separate value function iteration to find
the profit maximizing portfolio decision.
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