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Abstract

We show that undercapitalized banks with large holdings of government bonds subject to
sovereign default risk lead to a new crowding-out channel: deficit-financed fiscal stimuli lead to
higher bond yields, triggering capital losses for the banks. Banks then cut back loans, giving
rise to potentially negative fiscal multipliers. Crowding out increases for longer maturity bonds
and higher sovereign default risk. We estimate a DSGE model with financial frictions for Spain
and find strong support for these results. The DSGE results further show strong nonlinear
effects: the cumulative multiplier decreases substantially with the size of the stimulus, as well
as with the amount of time between the announcement and implementation of the stimulus.
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1 Introduction

The size of the fiscal multiplier has been at the forefront of academic research ever since the
financial crisis of 2007-2009 (Christiano et al., 2011; [Eggertssonl 2011} Woodford} 2011} Rameyl,
2019). We focus on the role of undercapitalized commercial banks that have large holdings of
domestic government bonds with substantial default risk on their balance sheet in determining the
size of the fiscal multiplier. We show that fiscal stimuli become much less effective when they are
financed by balance-sheet-constrained commercial banks, to such an extent that the direct and even
the cumulative multiplier may actually turn negative. We dissect the channels that contribute to
the decreased effectiveness, and highlight the crucial role of both the size and timing of the stimulus
for the size of the multiplier.

This was a major issue in Southern-Europe after the outbreak of the FEuropean sovereign debt
crisis in 2011 and may well become relevant again now that central banks across the world are
raising interest rates again after a long period at the Zero Lower Bound (ZLB). At the time of
the European sovereign debt crisis, Southern-Furopean banks were effectively undercapitalized
(IMF} 2011} Hoshi and Kashyapl [2015)), as indicated by elevated levels of non-performing loans on
Southern-European banks’ balance sheets, for example. In addition, Southern-European banks had
domestic sovereign debt holdings amounting to at least 150% of Tier-1 capital, while CDS spreads
on Southern-European sovereign debt had increased by hundreds of basis points, see Section [2} But
it is not just an industrialized country issue, on the contrary: |Gennaioli et al.| (2018) document
that 12.7% of commercial banks’ assets in emerging economies consist of (predominantly) domestic
government bonds, making them vulnerable to the same problems and creating the same crowding
out channels we discuss in this paper.

To help intuition, we first analyse this question analytically using a two period general equi-
librium model incorporating leverage constrained banks, long-term debt and endogenous sovereign
default risk. To demonstrate the empirical relevance of our results we then construct a DSGE
model with financial frictions and estimate the model using Bayesian techniques on Spanish data;

Spain clearly fits the earlier described environment: commercial banks were undercapitalized after



the burst of the real-estate bubble of the early 2000’s (IMF} [2011}; [Hoshi and Kashyap, [2015)), while

the Spanish government faced substantial default risk at the height of the European sovereign debt
crisis in 2011-2013.

Specifically, our quantitative model is one of a small open economy member of a monetary

union, similar to Burriel et al.| (2010). The policy rate is determined via a Taylor rule which fea-

tures union-wide inflation and output. Union-wide inflation and output, in turn, are a weighted
average of Spanish inflation and output and that in the rest of the monetary union, thereby captur-

ing the fact that Spanish macrodevelopments have a limited impact on the Eurozone’s policy rate.

We introduce financial frictions as in |Gertler and Karadi| (2011) to capture the fact that Spanish

commercial banks have been undercapitalized since the onset of the financial crisisEl Commercial
banks have a portfolio choice between corporate loans and long-term government debt, which cre-

ates an interconnectedness between the financial system and fiscal/debt problems (Bocolal 2016;

[Kirchner and van Wijnbergen, [2016). A longer maturity of government bonds leads to higher poten-

tial capital losses for financial intermediaries and more pronounced adverse effects on the economy
in case of a financial crisis. Therefore, we explicitly introduce long-term government bonds as in
to approximate the average duration of domestic sovereign debt held by Spanish
banks at the timeEl Sovereign default risk is introduced by postulating a maximum level of taxation

that is politically feasible, like in [Schabert and van Wijnbergen| (2006} [2014)) and

(2013). Uncertainty about the exact value of that limit leads to a sovereign debt discount that
increases in the size of the public debt.

The first contribution of our paper is to highlight a new channel through which the effectiveness
of fiscal stimuli is reduced: crowding out of private investment by government purchases is ampli-
fied by capital losses on existing holdings of government bonds held by balance-sheet-constrained
commercial banks. To the best of our knowledge, we are the first to show the crucial role of a feed-
back loop between undercapitalized banks and weak sovereigns in triggering potentially negative

fiscal multipliers. Other papers have investigated the link between sovereign default risk and the

IThroughout the paper we will interchangeably use the term ‘commercial banks’ and ‘financial intermediaries’ to
denote the same group of economic agents.
2We do not address the issue of optimal maturity structure of the government’s debt



effectiveness of fiscal stimuli, see for example |Corsetti et al.| (2013). Our model goes beyond this
literature by pointing out that banking distress arising from capital losses on ezisting sovereign
debt lead to higher interest rates on newly issued sovereign debt, thereby aggravating the initial
sovereign debt problems. This, in turn, results in subsequent rounds of capital losses on existing
government bond holdings, which lead to additional interest rate increases and so on, a negative
spiral or doom loop amplification channel that has not been investigated before in connection with
the effectiveness of fiscal stimuli. We find that this amplification loop is quantitatively important
for the size of the multiplier when government debt is both long-term and subject to default risk.
In the absence of one of these two ingredients, the multiplier is positive, in line with |Gornicka,
et al.| (2020)). Including both ingredients, however, causes the multiplier to decrease by at least 0.60
percentage points with respect to the case where only one of these two features is included.

In a second contribution we highlight an essential non-linearity: in the presence of long-term
debt and sovereign risk, we find that the size of the multiplier substantially decreases with the size
of the fiscal stimulus. The intuition behind this result is that a larger stimulus increases the supply
of bonds, as a result of which bond prices decrease by more with respect to smaller stimuli. As a
result, commercial banks’ capital losses increase, as a result of which crowding out of credit provision
to the real economy increases. Specifically, we find that the difference between the multiplier of a
stimulus of 0.5% of quarterly GDP and one of 4% is equal to 0.58 percentage points for a stimulus
that is announced today but implemented four quarters later. Therefore, governments that find
themselves in the middle of a banking-sovereign crisis should implement small fiscal stimuli, if any
at all.

In a third contribution we show that the timing of the stimulus is crucial for the size of the
multiplier. We show that stimuli that are announced today but implemented in the future have a
lower multiplier than stimuli that are implemented immediately. The intuition behind this result is
the following: a financial crisis shock causes domestic prices to decrease with respect to foreign prices
in the rest of the Eurozone. A fiscal stimulus, however, increases domestic prices relative to foreign
prices, everything else equal, as a result of which there is expenditure switching from domestic to

foreign goods. An immediate stimulus, however, is implemented at the moment that domestic goods



have become more attractive as a result of the financial crisis shock, while the delayed stimulus is
implemented at the moment domestic prices have already recovered with respect to foreign prices.
As a result, the relative price of domestic goods with respect to foreign goods deteriorates further
for a delayed stimulus, and continues to be higher afterwards with respect to an immediate stimulus.
Quantitatively, we find that the multiplier of a stimulus with an implementation lag of 4 quarters
is at least 0.30 percentage points lower than that of an immediate stimulus. This is obviously a
relevant point empirically: parliamentary procedures to approve a new budget can easily take up

several months to a year. (2011)) indeed provides empirical evidence that agents foresee

most major changes in government spending. In a related analysis, Mertens and Ravn| (2012) and

House and Shapiro| (2006)) point at contractionary effects of future tax cuts in the period before

they are enacted if they are anticipated.

Related Literature

In the aftermath of the recent European sovereign debt crisis, a literature has developed on the
bank-sovereign nexus, which can broadly be divided into three strands: a first group of papers takes
banks’ sovereign exposure as given, and focuses on the impact of sovereign risk on banks’ balance
sheets and credit provision to the real economy among others). A second group of

papers looks at the channels through which government incentives to bail out banks are increased

by excessive bank exposure to domestic sovereign debt (Acharya et al. 2014} Brunnermeier et al.|

[2016; [Farhi and Tirole, |2018)). A third group of papers focuses on the amplification of sovereign

debt crises through the collateral channel: banks’ ability to raise funding is seriously hampered

when the value of their collateral, in the form of government bonds, deteriorates in a sovereign debt

crisis and thereby induces a contraction in lending to the real economy (Engler and Grofle Steffen),

[2016). [Van der Kwaak and Van Wijnbergen| (2014)) also incorporate the amplification of sovereign

debt crises through a balance sheet channel, but they focus on the impact of bank recapitalizations
on output, not on the effectiveness of fiscal policy. We go beyond this literature by explicitly

incorporating capital losses on government debt as a crowding out channel.

Empirical evidence on the effectiveness of fiscal stimuli is mixed. [Blanchard and Perotti| (2002)),

using a SVAR (Structural Vector Autoregression) approach, find a multiplier of 1 in the U.S. for



government purchases. |Auerbach and Gorodnichenko| (2012)) shows that the multiplier is moderate

or even negative in expansions, while it is larger than 2 in recessions. (2019) provides
an overview of ten years of renewed research on fiscal policy and finds that the wide range of

reported multipliers narrows significantly to a value between 0.6 and 1 once methods for calculating

multipliers are standardized. [Blanchard and Leigh| (2013)) and Blanchard and Leigh (2014) find

that multipliers in European economies around the start of the European sovereign debt crisis were
substantially above one in spite of poorly capitalized banks, a finding that is challenged by [Gornickal
. Other results that are relevant for our paper are the results reported by
, who find that for countries with debt levels exceeding 60% of GDP, the impact multiplier
is close to zero, and the long run multiplier -3, suggesting that debt sustainability is an important

determinant of the output effects of fiscal stimuli.

|Corsetti et al.| (2012) specifically investigate the size of the fiscal multiplier in times of financial

crises. They find that the cumulative multiplier is substantially larger than 1 during financial
crises, but negative when public finances are strained. In their paper, the causality runs in one

direction, namely from sovereign debt problems to higher interest rates at which banks lend to the

private sector. Unlike our paper, banks in Corsetti et al| (2012]) do not hold government debt, and

therefore the feedback from banks charging higher interest rates on government debt is absent. The

empirical evidence presented in [Homar and van Wijnbergen| (2017) suggests that the interaction

between banks’ capitalization and the effectiveness of fiscal stimuli is a very real problem: they
differentiate between crises after which banks have been recapitalized and crises where they have
not been recapped and show that in the latter case fiscal policy has no empirically significant impact
on the speed of a recovery, while it does when banks have been recapitalized, empirical results that
are in line with our theoretical predictions.

Our paper also connects to the more partial equilibrium empirical literature on the effects of

banks’ holdings of sovereign debt on lending to the real economy. Several papers find evidence of a

crowding out of corporate lending by increased holdings of government bonds (Becker and Ivashinal,

[2018; [Acharya and Steffen|, 2015 |Gennaioli et al.,|2018]). Other papers document a relation between

capital losses on sovereign debt and corporate lending, with larger losses leading to less lending,



as we predict (Popov and Horen| [2015; [Acharya et al., 2018). |Acharya et al| (2019) shows the

converse: higher windfall gains on European banks’ holdings of periphery sovereign bonds after the
announcement of the Outright Monetary Transactions (OMT) program of the European Central

Bank (ECB) correlated with a higher loan supply to the corporate sector. More indirectly related

is the analysis of |De Bruyckere et al| (2013), who show that the degree of contagion between

bank and sovereign credit risk is significantly related to bank capital adequacy: weaker capitalized
banks lead to more contagion. In addition, banks with a higher sovereign debt exposure experience
more contagion in the form of higher banks’ CDS spreads, a finding that strongly supports our
predictions.

Our paper also builds on the literature in which shocks to the balance sheet of financial inter-

mediaries affect the macroeconomy because of agency problems between deposit holders and bank

owners (Gertler and Kiyotakil, 2010; |Gertler and Karadi, 2011)). |Gertler and Karadi| (2013), Bocola

(2016), Kirchner and van Wijnbergen| (2016)), and Kollmann et al.| (2013) all allow financial inter-

mediaries to hold government bonds in addition to corporate loans, but either without sovereign
risk or when it is incorporated it remains exogenous, eliminating the amplification cycle we high-

light. In contrast, we endogenize the probability of sovereign default, and link it through a simple

model of endogenous default like in [Schabert and van Wijnbergen| (2006) and [Schabert and van|

Wijnbergen| (2014)) to the level of outstanding bonds and thereby introduce a new amplification

cycle. Our model of endogenous default is in the language of the survey by |Aguiar and Amador|

(2013)) a non-strategic default: the government is forced into default by adverse shocks raising debt

to levels requiring unsustainably high levels of taxation for debt service.

2 Stylized facts

In this section we motivate several key ingredients of our model with data from Spain, Italy and

Portugal (to which we will refer as SIP from now on)El IMF| (2011) and Hoshi and Kashyap| (2015)

provide evidence of the extent to which in particular Southern Europe’s banks were undercapitalized

3For a more detailed description of the data sources see Appendix



during and after 2008/2009. The problem with undercapitalized banks is that they tend to engage
in excessive risk shifting through zombie lending. Loans to inefficient firms are rolled over, rather
than written down, which prevents productive new or expanding firms from obtaining funding.
Evidence for this evergreening of bad loans is found in [Peek and Rosengren| (2005) and |Caballero
et al. (2008) in the case of Japan. Figure [1|illustrates the extent of non-performing loans (NPLs)

in SIP using Germany as a benchmark.
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Figure 1: Non-performing loans for the aggregate commercial banking system in Ger-
many (GER), Spain (ES), Italy (IT) and Portugal (PT). Source: World Bank,
http://data.worldbank.org/indicator/FB.AST.NPER.ZS.

Even when there is a substantial probability that non-performing loans will not be repaid, banks
were under the accounting rules at the time only allowed to provision for losses when actual losses
materialized (”occurred losses”)ﬁ Evergreening then allows banks to keep loans at face value on
their balance sheet, despite prospective losses in the future. The fact that NPLs were at elevated
levels at the time of the FEurocrisis supports the claims of IMF| (2011) and Hoshi and Kashyap
(2015) that Southern-European banks were effectively undercapitalized.

Another feature of the European data that is relevant for our setup is the interconnection
between the commercial banking system and the sovereign. Figure [2| shows domestic government
bond holdings of the aggregate commercial banking system as a percentage of aggregate Tier-1

capital at the end of 2011 across the Eurozone. Commercial banks in Southern-Europe clearly have

4This has changed with the IFRS9 standard, which allows provisioning for ” prospective losses”.



a large exposure to their domestic sovereign. Spanish banks have an exposure to domestic Spanish
sovereign debt equivalent to more than 150% of Tier-1 capital, Italian banks to almost 200% of
Tier-1 capital, while Greek banks have an exposure of almost 250% of Tier-1 capital to the Greek
sovereign at the end of 2011. From these numbers it is clear that changes in the (market) value of

sovereign debt will have substantial effects on bank capital.
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Figure 2: Banks’ exposure to domestic sovereign debt (all maturities) as a percentage of their total
Tier-1 capital in the core, respectively the periphery of the Eurozone. “AT” refers to Austria, “BE”
to Belgium, “DE” to Germany, “FI” to Finland, “FR” to France, “LU” to Luxemburg, “MT” to
Malta, “NL” to Netherlands, “CY” to Cyprus, “ES” to Spain, “GR” to Greece, “IE” to Ireland,
“IT” to Italy, “PT” to Portugal, and “SI” to Slovenia. Source: http://www.eba.europa.eu/risk-
analysis-and-data/eu-wide-stress-testing /2011 /results.

Figure[3]in turn shows that Southern-European countries faced substantial sovereign default risk
during the European sovereign debt crisis of 2011-2013. CDS-spreads for Italy and Spain increased
from approximately 100 basis points in January 2010 to levels above 400 basis points in 2012 and
2013, reflecting a substantial increase in sovereign default risk. The likelihood of a default by the
Portuguese sovereign is even larger, the CDS premium for Portuguese sovereign debt increased
to more than 1000 basis points at the end of 2011. At the same time, indicated
that aggregate losses for banks in Greece, Italy and Portugal amounted to 161%, 22% and 36%,

respectively, of their respective end-2010 Core Tier-1 capital. These CDS data coupled with the



large holdings of sovereign debt by Southern Europe’s banks strongly suggest that much of their
increased losses after the Great Financial Crisis (GFC) and subsequently during the Eurocrisis can

be traced to their substantial holdings of sovereign debt.
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Figure 3: SNR CR 5Y Credit Default Swaps Premium in basis points (monthly) for Spain (ES),
Italy (IT) and Portugal (PT). Monthly data were obtained by taking an unweighted average of
daily data within a month. Source: Datastream, Thomson Reuters.

Figure [4] shows the estimated pass-through of sovereign spreads to interest rates on new bank
loans in Italy and Spain. The sovereign spread is measured by the spread between the yield on
a 10-year Italian or Spanish bond and the yield on a 10-year German Bund. the figure shows
that sovereign spreads affect bank lending rates for small and large firms, and for small and large
loans. For both countries, the transmission is nearly complete after six months. Therefore, Figure
[] strongly suggest that increases in sovereign default risk lead to higher interest rates on corporate

loans, a key mechanism in our model.
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Interest rate pass-through of sovereign spreads
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Figure 4: Estimated pass-through of sovereign spreads to interest rates on corporate borrowing
rates in Italy (a) and Spain (b) using a monthly frequency VAR estimated from January 2006 till
February 2012 (Italy) and January 2005-August 2012 (Spain). Sovereign spreads are the spread of
a 10-year government bond over 10-year German Bunds. Source: lm (2012), lm (2013).

3 Analytical results in a two period model

To provide more intuition for the DSGE model results in sections 4 to 7 we first analyze a trimmed
down, two period general equilibrium model analytically. Our focus in this section is on the link
between government spending and banks’ balance sheets, we leave an investigation of the link from

intermediaries’ credit provision to investment and output for the full DSGE model.

3.1 Model

Consider a small open economy, one globally traded commodity and two time periods: t = 0 and ¢ =
1. There are households, financial intermediaries, production firms and a government. Households
have a standard utility function that is concave in consumption, and receive an endowment in
period ¢t = 0. They divide this endowment between consumption and saving through deposits and
a foreign asset. Because of perfect capital mobility, the interest rate on deposits will be equal to
the foreign interest rateﬂ They consume their income net of lump sum taxes in period ¢t = 1.

In period ¢t = 0 production firms borrow from financial intermediaries in a perfectly competitive

5The monetary union eliminates exchange rate related wedges between foreign and domestic rates.
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loan market. They employ these funds to purchase physical capital in the same period, which
is then employed for production in period ¢ = 1 using a concave production function. Financial
intermediaries start period ¢ = 0 with net worth and attract deposits from households to lend
to production firms and purchase government bonds. These bonds are subject to default risk

because the government faces a cap on tax revenues that is not perfectly known in advance, like

in (Schabert and van Wijnbergen, [2006} 2014; |Corsetti et al., [2013)). Financial intermediaries are

subject to an incentive compatibility constraint as in |Gertler and Karadi (2011), which prevents

them from perfectly elastically expanding their balance sheet in case opportunities for arbitrage
arise.

We consider a government spending shock in period ¢t = 0, after which no further spending
shocks occur. Detailed descriptions and derivations can be found in Appendix [B] while we focus

here on the core elements and results.

3.1.1 Government

The government enters period ¢ = 0 with outstanding government bonds b_; that were issued at
the end of period ¢ = —1. These bonds are traded in period ¢t = 0 in the secondary market at a
price g5. They do not pay coupons and their principal is to be repaid at the beginning of period
t = 1. The government purchases goods gy from the production sector in period ¢ = 0, which are
financed by issuing new, zero-coupon bonds bj°" that are to be repaid at the beginning of period
t = 1. Since the cash flow of the new bonds is the same as that of old bonds going forward, new
bonds trade at the same price ¢} as old bonds. The government budget constraint in period ¢ = 0

then equals:

aobo = go + qib_1, (1)

where by = b3 + b_1. Government liabilities at the beginning of period ¢ = 1 are by for which
the government tries to raise lump sum taxes 7, = by from households. However, there is a risk

that the government might not be able to do so, because of the existence of a stochastic maximum

level of taxation (Schabert and van Wijnbergen, [2006| 2014; Corsetti et al., 2013). For analytical

12



convenience we assume in this section that bond holders receive nothing in the event of a default
ﬁ p (bo), the probability that required taxes 7 are larger than the maximum level of taxation is
then increasing in outstanding bonds by: p’ (bg) > 0. |[Aguiar and Amador| (2013)) refer to this type

of default as a non-strategic default process.

3.1.2 Financial intermediaries

Financial intermediaries enter period ¢ = 0 with net worth ngy and raise deposits dy from households.
On the asset side they purchase government bonds by at price qS and lend an amount kg to pro-
duction firms in a perfectly competitive market for loansﬂ The balance sheet of the representative
intermediary then is:

ko + gbbo = no + do, (2)

Production firms use the loans to acquire physical capital with which they produce in period ¢ = 1
using a concave production function y; = k. The interest rate r§ at which production firms borrow
is determined in period t = 0 and paid to intermediaries in period t = 1. Production firms take
this interest rate as given when maximizing period ¢ = 1 profits y; — (1 + rg) koﬂ Therefore in

equilibrium the interest rate equals the marginal productivity of capital:

8 =aky -1 (3)

As a result, changes in lending by intermediaries in period ¢ = 0 trigger changes in the equilibrium
interest rate to clear the loan market. At the beginning of period ¢t = 1, intermediaries’ holdings of
bonds by are fully repaid with probability 1 — p (by), while they receive zero euros with probability
p (bo). Therefore, the expected net return on bonds 7§ is given by the relation 147§ = [1 — p (bo)] /¢8-
Financial intermediaries take the probability of default p(by) as given. The net real return on

deposits dy is equal to rd. Expected net worth Ey (n;) at the beginning of period ¢ = 1 equals the

6In the full model of sections 4-7 we allow for partial default like [Schabert and van Wijnbergen| (2006} 2014))

"We assume households do not deposit with bankers belonging to the same household to prevent self-financing,
bypassing financial frictions (Gertler and Karadi, |2011]).

8We assume there is full depreciation of the capital stock after production in period t = 1.
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difference between the (gross) return on assets and on liabilities:
Eo(n1) = (1476) ko + [L— p(bo)] bo — (1 +7§) do. (4)

After realization of ny in period ¢t = 1, net worth is paid out to households, after which intermediaries
stop operating.

Households are the ultimate owners, therefore period ¢ = 1 net worth is discounted using the
households’ stochastic discount factor SAg ; when choosing the composition of the balance sheet in
period t = 0. Intermediaries are subject to an incentive compatibility constraint that ensures that
expected, discounted net worth Eg (8Ag1m1) is larger than or equal to the gains from effectively
running away with a fraction \, of asset a = {ko,qibo} at the end of period ¢t = 0 (Gertler and
Karadi, [2011)):

Eo (BAo1m1) > Aiko + Aogbo- (5)

Intermediaries’ optimization problem is to maximize expected, discounted net worth Ey (8A¢171)
subject to , and . The resulting first order conditions can be found in Appendix |B} which

we use to rewrite intermediaries’ incentive compatibility constraint in the following way:
(1+ po) mo > Aiko + Avafbo, (6)

where g is the Lagrangian multiplier of intermediaries’ incentive compatibility constraint . The
key insight from the above equation is that the size of intermediaries’ balance sheet is limited by
the amount of net worth ng when the constraint is binding (Gertler and Karadi, [2011). Finally, we
assume that banks also purchased government bonds in period ¢t = —1, and that the government

does not default on outstanding liabilities in period ¢t = 0. Net worth ng therefore equals
no = n§" + qhb_1, (7)

where n§® is inherited from period t = —1. A drop in the bond price will reduce net worth ny,

14



thereby tightening constraint @ which will force intermediaries to reduce the size of the balance

sheet if the constraint was or becomes binding.

3.2 A deficit-financed government spending shock

Now we turn to the key results, the analysis of the various channels through which a government
spending shock crowds out private investment in the presence of undercapitalized banks, i.e. banks

for which the incentive compatibility constraint (@ binds. Before doing so, we denote the effect

d
drg

2. For the case of a small
9o

from a government spending shock on the world interest rate by

d
drg _

open economy, we get that 90

0, but we include the more general expression to generalize how
our economy would be affected if there is a change in the world interest rate in response to our
government spending shock.

We start with Proposition

ape . . . . . dql
Proposition 1. An increase in government spending go decreases the price of bonds, i.e. % < 0.

Proof. We show in Appendix [B] that the change in the price of government bonds is given by:

. da

drd
= ANy — Ay =2 — A3/ (by) <0 8
dgo 1Ab 2dgo 3-p (bo) <0, (8)

S =

d
and we show in the Appendix that A; > 0 for ¢ = 1,2,3. Assuming % > 0, this concludes the

proof. O

The first term arises because additional spending increases the supply of bonds, while interme-
diaries’ demand for bonds is initially constrained by the binding incentive compatibility constraint
@. Therefore, the bond price must decrease to clear the market (Kirchner and van Wijnbergen)
2016). The second and third term of expression (8 are well known from the literature. The second
term tells us that an increase in intermediaries’ funding costs rd (as a result of extra spending by
the government) increases the required return on bonds (equivalently a decrease in today’s bond
price). This term would be zero under the assumption of a small open economy and highest if one

assumes a closed economy. The third term tells us that higher debt and the ensuing increase in

15



sovereign default risk p’ (bo) lead intermediaries to demand a higher expected return, which triggers
a fall in bond prices. Before discussing the intuition behind the first term, we need two propositions

first.

Proposition 2. Intermediaries’ net worth decreases in response to an increase in government
spending: 40 < 0
o .

b
Proof. Differentiation of equation with respect to gy shows that % =b_q- %. Substitution

of Proposition [I| concludes the proof. O

Since intermediaries’ net worth depends on the market value of their holdings of government
bonds carried over from period ¢ = —1, a fall in the bond price decreases the value of their ex-
isting holdings, as a result of which intermediaries’ net worth directly decreases. And this result
immediately leads to our main result, summarized in Proposition after an increase in govern-
ment spending, credit provision and private investment decrease more when government bonds are

long-term than when they are short-term.

Proposition 3. Capital losses on intermediaries’ existing long-term bonds amplify the decrease in

credit provision to the real economy with respect to the case where government bonds are short-term.

Proof. First, we use the government’s budget constraint to replace giby in intermediaries’ in-

centive compatibility constraint @, as well as expression for intermediaries’ net worth to get:

(14 o) (n§” + abb—1) = Ak + Mo (g0b—1 + 90) -
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Next, we implicitly differentiate with respect to go to get:

Total effect on balance sheet capacity
due to change in value existing bonds

dkg 1 drd 1 dgd
oo N, —Dng S| 1 - R
dgo M+ Chng ~— dgo —— ~— 75 dgo
Direct crowding ——— Change in Change in value N——
out by new spending Change in net worth of bonds that can <0
funding costs be diverted

(9)
where we used that the change in the shadow value of intermediaries’ incentive compatibility con-

d
straint pg is given by ‘% =-C- % -D- 370 with C, D > 0, see Appendix O

Expression @ shows that corporate lending and hence capital spending goes down when the
government issues new debt to finance additional government consumption gg, a drop that can be
decomposed into three effects. The first term denotes crowding out of corporate lending because
of limited balance sheet capacity, a point highlighted in [Kirchner and van Wijnbergen| (2016]):
corporate lending has to fall to create space on intermediaries’ balance sheets to absorb the extra
bonds issued by the government.

The second term comes from the fact that higher funding costs drive up the return on corporate
loans (everything else equal), as a result of which the demand for loans decreases.

The third term is the key innovation in this paper: the contraction in lending that already
arises when government debt is short-term is aggravated when debt held on intermediaries’ balance
sheets is long-term. This third term arises because of capital losses % < 0 on intermediaries’
existing holdings of government bonds b_1, which reduce net worth ng. As a result, the incentive
compatibility constraint @ becomes more binding and corporate lending falls further. This third
channel only emerges in the presence of multi-period bonds and we will see below that it is larger
the longer the maturity of the bonds held by the financial intermediaries.

To sum up: we show that the contraction in lending, which already occurs when government

bonds are short-term, is amplified because undercapitalized financial intermediaries suffer capital

losses when government bonds are long-term and subject to default risk. We will investigate the
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extent to which this amplification is quantitatively important using the infinite horizon DSGE

model presented in the next sections.

4 Extension to an infinite-horizon DSGE model

Consider now the extension of the two-period model to an infinite-horizon DSGE model to assess
whether for plausible parameter values the cumulative impact on the output (multiplier) is indeed
affected by long-term government debt and sovereign default risk on the balance sheet of financial
intermediaries. Here we sketch the model structure, for a detailed model description see Appendix

We employ a small open economy model of a member of a monetary union that is similar
in spirit to that of Burriel et al| (2010). However, an important deviation is the way we model
monetary policy. Whereas Burriel et al.| (2010) implement a Taylor rule based on Spanish inflation
and output, we employ a Taylor rule that responds to inflation and output of the monetary union
as a whole, which in turn only partially depends on Spanish inflation and output.

Domestic production is staggered between intermediate goods producers that operate in a mar-
ket with perfect competition, retail goods producers with monopoly power and subject to price-
stickiness a la (Calvo| (1983), and final goods producers that combine the differentiated domestic
retail goods using a constant elasticity of substitution (CES) technology into an aggregate commod-
ity. These final domestic goods are used by domestic consumers, capital producers for investment,
government purchases, and to retail export firms. Retail export firms are monopolists, sell to final
export producers, and are subject to|Calvo| (1983)) price-stickiness when selling to final export firms.
Final export firms, in turn, combine the different retail export goods using a CES technology, after
which they sell the final export good to the rest of the monetary union. The demand for exports is
increasing in foreign output and in the terms of trade, which is defined as the price of imports over
the price of exports. There are retail import firms that acquire goods from the rest of the monetary
union, and are monopolists and subject to |Calvo| (1983) price-stickiness when selling to the final

import firms, which in turn combine retail import goods using a CES technology. Afterwards, they
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sell their final import goods to domestic households for consumption and to capital producers for
investment.

Financial intermediaries are again subject to an incentive compatibility constraint as in |Gertler
and Karadi (2011)), but now deposits pay a nominal interest rate which is set by the central bank of
the monetary union. Capital producing firms buy final domestic goods and final import goods, and
convert these into investment goods using a CES technology. Total investment is converted into new
capital, which together with surviving old capital is sold to domestic intermediate goods producers.
Intermediate goods producers use capital, financed by a loan from financial intermediaries, and
labor to produce intermediate goods for domestic retail firms. There is perfect competition in the
intermediate goods market. After production, intermediate goods firms sell used capital to capital
producers, pay wages to workers, and bring the residual to the financial intermediary.

There are two types of households: constrained households that cannot save and unconstrained
households. Both household types’ consumption basket is a constant elasticity of substitution
function between final domestic goods and final import goods, where both households have the
same degree of home bias and elasticity of substitution. Constrained households receive income
from providing labor. This income is spent on consumption and lump sum taxes that can be
negative, i.e. a transfer. Unconstrained households also provide labor, but can save through
deposits, an internationally traded asset, and domestic government bonds, the last of which is
subject to quadratic adjustment costs (Gertler and Karadil 2013). In addition to savings, income
is also used for consumption and lump sum taxes. Both household types maximize expected life-
time utility subject to their respective budget constraint. The utility function is the same for both
household types, it is subject to preference shocks and separable in consumption and labor, with
habit formation in consumption to capture realistic consumption dynamics (Christiano et al.,|2005]).

The labor market is modeled as in|Erceg et al.[(2000)): there is a continuum of unique labor types.
Each unique labor type contains members from constrained and unconstrained households (Gali
et al.||2007)), and is represented by a single labor union. As a result, this labor union has the power to
set the nominal wage rate, after which household members provide any amount of labor demanded.

Labor unions, however, are subject to |Calvo (1983)) type wage-stickiness, as a result of which they
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might not be able to choose a new wage rate, in which case there is partial indexation with previous
period wage inflation. Labor agencies hire labor from all the different labor unions, and combine
these labor types into final homogeneous labor using a constant elasticity of substitution production
function. Final labor is then used by domestic intermediate goods producers.

The government finances itself through debt and taxes. It spends on final domestic goods and
services debt liabilities. Government bonds are held by financial intermediaries and households,
and can be subject to sovereign default risk following |Schabert and van Wijnbergen! (2006, |2014]);
Corsetti et al.| (2013). We only discuss the non-standard blocks of the model. The standard blocks
can be found in Appendix [C]

Finally, the domestic economy refers to Spain, while ‘foreign’ refers to the rest of the monetary

union, in this case the Eurozone.

4.1 The Fiscal Authority and the Central Bank

The Central Bank of the monetary union sets the nominal interest rate on deposits rj* according to

a standard Taylor rule which minimizes deviations of union-wide output yMY and inflation 7MY

from their respective target values:

MU

Py =1 —pr) |k (ﬁf”U — 7_TMU) + Ky log (zﬁmj)] +prrisq ey, (10)
t—1

where p, € [0,1) denotes the degree of interest rate smoothing. Union-wide variables xMYV are

geometric averages of the corresponding values for Spain and for the rest of the union:

eV = (@) 7" (2", (11)

where x} denotes the value of the variable x in the rest of the monetary union, and x; the value of
x in the domestic (Spanish) economy, with = € {m,y}. The variables x} are given by an exogenous

AR(1) process. Finally, n denotes the relative weight of the domestic economy in the monetary
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union. The relation between the nominal deposit rate 7 and the real interest rate r{ is given by:
Lol = (1+ry) /me, (12)

where m; = P;/P;_; denotes the gross inflation rate of the domestic consumer price index P;.

The treasury of the domestic government levies lump sum taxes 7; on households, issues bonds
@%b, to finance its (exogenous) expenditures g; of final domestic goods, and services outstanding gov-
ernment liabilities (1 + r) qf_lbt_lﬂ The government budget constraint (in terms of the domestic

price level P;) when there is no sovereign default risk is given by:
Qo+ 1 = p?gt-f—(l-i-?"?) ap_1bi—1, (13)

where p = P}'/P, denotes the price of final domestic goods in terms of the domestic consumer
price index P;. Government bonds have a parameterizable maturity structure as in [Woodford
(2001), with coupon payments x. on outstanding bonds decaying at a rate 1 — p per period,
which effectively determines the maturity of the bonds. The real return on bonds equals 1 + ¥ =
(ze + (1= p)}) / (meql_y) (cf Appendix[C.2).

Lump sum taxes 7; are levied on both constrained and unconstrained households:
T = VthT + (1 — l/r) Ttu. (14)

where v, denotes the fraction of constrained households, 7/ the level of lump sum taxes on a
constrained household, and 7/ the level of lump sum taxes on an unconstrained household. The

level of lump sum taxes 77 on a household of type i € {r,u} is given byg

=7+ (btfl - l_)) : (15)

9We assume that the government only purchases domestic goods, and no foreign goods.
10We allow for the steady state level of lump sum taxes 7" on constrained households to be negative, in which case
7/ denotes a transfer to constrained households, unless the level of government debt is too far above its target value.
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By responding to deviations from the steady state level of government bonds b, this rule ensures

intertemporal solvency of the government budget constraint in the absence of sovereign default risk

(Boh [1998).

We introduce sovereign default risk by assuming a stochastic maximum level of taxation above

which the government (partially) defaults, like in (Schabert and van Wijnbergen, 2006) (see also

\Schabert and van Wijnbergen! (2014)); |Corsetti et al.| (2013)). This fiscal limit will be drawn each

period from a generalised beta-distribution with parameters ap, 85 and byes following
(2013)*'| As a result, we can write the ex ante probability of default pfef for a given level of

government debt b; by the following cumulative distribution function:

by 1
def — g [ 2L —. . 16
Dy B <4y bmaxvahﬁb) ( )

When the level of taxes ¢ necessary to service outstanding liabilities is above the stochastic max-
imum level of taxation, the sovereign reduces outstanding liabilities (1 + 77) ¢}_,b;—1 by a factor
1- 19t|2| The haircut ¥; depends on whether or not the required level of taxes 7; surpasses the
draw for the fiscal limit:

Y4er with probability plel,

¥y = (17)
de f
0 with probability 1 — p;/.

The gains from the (partial) default 7/ = ¥, (14 r}) ¢/_,b,—1 are effectively transferred to uncon-
strained households by reducing their level of lump sum taxes from 7 to 7 = 7% — 7"/ (1 — I/T)E
As a result of reducing their lump sum taxes, total lump sum taxes under the core tax policy

are reduced from 7 to 7, = 74 — TETE The ex post default government budget constraint is

HNote that bymas is a parameter determining the probability of default, and does not refer to a maximum level of
debt. In both [Schabert and van Wijnbergen| (2006} [2014)); [Corsetti et al.| (2013) and our current setup there is only
a stochastic maximum level of taxation, while there is no limit to the amount of debt that the sovereign can issue.

12\We assume bondholders know the government’s inability to raise sufficient funds, and therefore voluntarily agree
to a haircut on the coupon payment and a restructuring of the outstanding government bonds.

13We assume that only the level of lump sum taxes of unconstrained households are reduced, as these are responsible
for recapitalizing financial intermediaries, see below.

A5 in |Corsetti et al.l (]2013[), we assume that the haircut ¥4.5 is constant across time and independent of the
draw from the fiscal limit. Implicitly, we therefore assume that the value of ¥4 is always large enough to bring the
ex post default level of lump sum taxes 7+ below the maximum level of taxation.
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then given by:

atbe+ 7 =pge+ (1= 9:) (L+ 1)) qf b1, (18)

Substitution of 7 = 7 — ¥4 (1 +1}) ¢}_1b—1 into equation shows that the ex post default
budget constraint collapses back to the no default case , as all default gains are effectively
transferred to (unconstrained) households in the form of lower lump sum taxes, leaving no gains for
the government budget. Sovereign default risk, however, affects the government budget constraint
indirectly through bond pricing ¢?, which incorporates expectations of a sovereign default.
Government purchases §; are driven by a standard autoregressive process because such a process
provides a clear benchmark for the fiscal multiplier. Actual government spending g; consists of
regular purchases g; that follow an AR(1) process, and a response to a one-off financial crisis shock

A¥ > 0, to be specified in subsection
g = Gts\, =), ¢>0, 1>0, (19)

The parameter ¢ determines the size of the response to a financial crisis shock, while I denotes the

lags with which the government responds to the shock.

4.2 Households

Following|Gali et al.| (2007)), there are two household types: a fraction v, of households is constrained
in the sense that they cannot save and consume their entire after-tax period income, which consists
of labor income. A fraction 1 — v, is not constrained, and saves through deposits at financial
intermediaries, an internationally traded asset, and through government bonds, the first two of
which contain a risk premium. In line with [Schmitt-Grohe and Uribe (2003)), the risk-premium
is decreasing in ( fi — f) Jyt, where f; denotes domestic households’ stock of the internationally
traded asset, which is in zero net supply across the Eurozone, and where y? denotes domestic
output. Government bonds are subject to quadratic adjustment costs (Gertler and Karadi, |2013]).
In addition to income from savings, unconstrained households also receive income from labor, and

from the profits of financial and non-financial firms, as unconstrained households are the ultimate
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owners of all firms in the domestic economy.

Both household types aim to maximize the sum of current and future expected discounted
utility subject to the budget constraint. They have the same utility function, which is subject
to preference shocks, and which is separate in total consumption and labor, with habit formation
in total consumption to capture realistic consumption dynamics (Christiano et al., [2005). The
resulting first order conditions can be found in Appendix

Final consumption ¢} of household type ¢ € {r, u} is a constant elasticity of substitution function
of final domestic goods ct’h, which are acquired at a nominal price P, and final import goods ¢ 4

which are acquired at a nominal price Ptf . The optimization problem for households of type ¢ is to

minimize expenditures Pthcg’h + Ptf cg’f , subject to the following technology:

ure

1 ne—1 1 Ne=17 pc—1
= {(1—%)% (m) ™ o () " } , (20)

The resulting first order conditions for ct’h and cg’f for households of type ¢ are standard, and can
be found in Appendix Observe from the production technology that we assume that the
degree of home bias v, and elasticity of substitution 7. are the same for both household types, as
a result of which we can aggregate in a straightforward way to find aggregate consumption of final

r.h u,

domestic goods ¢ = v} + (1 — 1) ¢*" and final import goods ¢ = vpcy + (1 —v,) e .

Finally, it suffices to mention here that the aggregate consumption expenditures are given by

Pyc; = Pheh + Ptf c{ . The expression for the aggregate consumer price index P; is standard, and

can be found in Appendix [C]]

4.3 Financial intermediaries

The financial sector is modeled like in |Gertler and Karadil (2011). Intermediary j € [0, 1] purchases
government bonds sg’t at a price ¢’ and obtains claims sé‘f',t on intermediate goods producers at

a price ¢F. Intermediaries’ assets p;; are funded through net worth n;; and deposits d;;. The
p gt Py, g J, P 7,
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intermediaries’ balance sheet is given by:
— k. k b b
Dit =G S5+ ai8] =g+ dj. (21)

Claims s?’t acquired in period t pay a net real return r¥ ’ 1 at the beginning of period ¢ + 1. Bonds
st , pay a net real return 7%, at the beginning of period ¢ + 1, which includes the impact of a
possible sovereign default, and deposits pay a net real return rfﬁrl. The law of motion for net worth

of intermediary j is given by:
njern = (b ri)arsh, + (U rii)ayss, — (L ri)djs. (22)

Intermediary j maximizes expected discounted future profits. We follow |Gertler and Karadi
(2011) by assuming that there is a probability 1 — 6 that the banker has to exit the financial
sector next period, in which case the intermediary will bring net worth n; ;11 to its (unconstrained)
household. Intermediary j is allowed to continue operating with a probability #. The banker
discounts these outcomes with unconstrained households’ stochastic discount factor SAY,.;, as
unconstrained households are the ultimate owners of the intermediaries. The banker’s objective is

then given by the following recursive optimization problem:
Vi = max By {BAY 1 [(1 = 0)njasr +0Vien]}, (23)

where Vj; denotes intermediary j’s continuation value. Following |Gertler and Kiyotaki| (2010);
Gertler and Karadi (2011), however, intermediaries are subject to an incentive compatibility con-

straint that limits the size of their balance sheet{T]
Vie > )‘qusﬁt + A?QfS?—,t (24)

Therefore, intermediaries’ optimization problem is to maximize their continuation value (23)), sub-

15We will interchangeably refer to this constraint as the ‘incentive compatibility constraint’ and ‘(endogenous)
leverage constraint’.
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ject to the balance sheet constraint , the law of motion for net worth , and the incentive
compatibility constraint . We show in Appendixthat intermediaries’ incentive compatibility
constraint (24) can be written as:

b n
k bob . t
q; sit + )\T’iqt $it < denge, with ¢ = ok (25)

t — Vi

where 7; denotes the shadow value of an additional unit of net worth, and v of an additional unit
of corporate loans (Gertler and Karadi, [2011)). Therefore, ¢; can be interpreted as an endogenous
leverage ratio which limits the size of intermediaries’ (weighted) assets by the amount of net worth
Nt

The intuition for the leverage constraint is straightforward: a higher shadow value of corporate
loans v} indicates a higher value from attracting an additional unit of corporate loans, increasing
expected profits everything else equal, thereby reducing the incentive for bankers to divert assets.
A higher value of 7, implies higher expected profits from an additional unit of net worth, therefore
allowing a higher leverage ratio. A higher fraction A{ implies bankers can divert more, inducing
households to provide less deposits everything else equal. The result is a tightening of the leverage
constraint.

A financial crisis is modeled as an unanticipated one-off increase in AF, after which it returns

to its steady state value following a standard autoregressive process (Dedola et all 2013]), while
A= (/M) A
4.3.1 Aggregation of financial variables

At the end of each period, a fraction € of current bankers will continue operating, and retain all
net worth to finance the balance sheet of their intermediary. Aggregate net worth n{ of continuing

bankers at the beginning of period ¢ is equal to:

ng =0 [(rf —ri)ar iy + 7 —ri)aisi + L+ rinea],

168pecifically, the process for /\iC is given by log ()\f/j\k) = pyk log ()\f_l/j\k).
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which is obtained by substituting intermediaries’ balance sheet constraint into the law of
motion , after which we aggregate across continuing intermediaries. A fraction 1 — 6 of bankers
will become a worker and bring their intermediary’s net worth to the household. They are replaced
by another household member, who receives a starting net worth. Aggregate starting net worth is
ny = xpi—1 (Gertler and Karadi, 2011)).

The gains from default, which are handed out to unconstrained households in randomized fash-
ion (through lower lump sum taxes) and are therefore unanticipated, are used by households to
recapitalize their respective financial intermediary. Therefore, the aggregate law of motion for net

worth is unaffected by the occurrence of a sovereign defaultE
ny =0 [(Tf — g ysioy + () — g _ys)o + (1+ Tf)”t—l] + XPt-1- (26)

where 70* has been replaced by r?, which is the return in case of no default, see Appendix
However, because the default gains are handed out in randomized fashion, intermediaries neither
anticipate the recap nor that aggregate net worth will be unaffected by default losses. Instead,
potential losses from a future default translate into a lower bond price ¢?, and will subsequently affect
the equilibrium relative to the case with no sovereign default risk (Schabert and van Wijnbergen,

20061, 2014} |Corsetti et al.; [2013)).

4.4 Production side

There exists a continuum of domestic intermediate goods producers indexed by i € [0, 1]. Each of
these producers employ a standard Cobb-Douglas production technology with capital share o and
lognormal productivity. Intermediate goods producers acquire physical capital k; ;1 at a price ar
at the end of period t — 1. They borrow from financial intermediaries against future profits, which
we assume they can credibly commit (Gertler and Kiyotaki, [2010). Intermediate goods producers
hire labor h; ; in a perfectly competitive market at wage rate w; after realization of the shocks at

the beginning of period ¢, among which there is a capital quality shock &; that causes intermediate

17We do so because otherwise a sovereign default would introduce a discontinuity in intermediaries’ net worth,
which would substantially complicate solving the model without providing additional insights.
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goods producers to produce with an ‘effective’ capital stock &:k; ;—1 (Gertler and Karadi, 2011])).
They sell intermediate goods at a relative price m; (in terms of the domestic consumer price index),

pay wages, and sell the used capital stock (1 — §)&k; , for a price qF to the capital producers. The

remaining revenues go to financial intermediaries, who receive a net real return rF:

1 + rf _ amey 7if/ t qi:‘i» q ( )gt ) (27)
t—1

Capital producers purchase the physical capital stock (1 — ) &:k:—1 at the end of period t at a
price gF, and buy investment goods i;, which is produced using a constant elasticity of substitution
(CES) function of final domestic goods i acquired at a nominal price P}, and final import goods
Z{ acquired at a nominal price Ptf . Existing capital and investment are combined into new capital
k¢, which is sold at a price ¢f to intermediate goods producers who use it for production in period
t+ 1. Capital producers face convex adjustment costs that are increasing in the deviation from the
level of previous period investment ;1. Hence one unit of investment i; will produce less than one
unit of capital k;.

Domestic retail firms purchase goods (y; ) from intermediate goods producers at a relative price
my, convert these one-for-one into retail goods (yf+ = v;+), which they sell to final good producers.
Retail firms produce a differentiated retail good and operate in a monopolistically competitive
market, which allows them to charge a mark-up over the input price m;. Retail firms face staggered
pricing like in |Calvo| (1983). There is partial inflation-indexation 7;”, for retail firms that are not
allowed to adjust prices.

Final domestic good producers purchase retail goods from all domestic retail firms and employ
a CES-production technology. Final good producers maximize profits in a perfectly competitive
market where they take prices as given and decide period by period on the amount y;; to purchase

from each retail firm. A more elaborate description of the production sector and the resulting first

order conditions can be found in Appendix
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4.5 Market clearing, trade balance, and net foreign asset position

In equilibrium, aggregate capital (k;) is equal to the aggregate number of corporate securities owned
by financial intermediaries (s¥), while the number of government bonds (b;) must be equal to the

sum of the bonds owned by the financial sector (s?) and the household sector (s2"):

ke = 571597 (28)

by = s+ st (29)
Clearing in the market for final import goods requires that demand equals supply yf :
ul =cf +if, (30)

Clearing in the market for final domestic goods requires that aggregate demand equals aggregate

supply yf:
yi = iy + g+, (31)

where C? represents domestic demand for consumption purposes, z? domestic demand for investment

purposes, g; the amount of spending by the government, and x; the demand by the export sectorE

5 Calibration & estimation

We employ a mix of calibration and estimation with Bayesian methods to match the Spanish

economy using data from Eurostat, the publicly available database used by [Burriel et al.| (2010)

18Note that the aggregate resource constraint does not feature the investment adjustment costs as it does in
Gertler and Karadi| (2011)). The reason is that in our setup the investment goods are purchased first by capital goods
producers, and the adjustment costs are only incurred afterwards during the conversion from investment goods into
new capital. As a result, one unit of investment goods provides less than one new unit of capital. Therefore, the
adjustment costs show up in the law of motion for capital rather than the aggregate resource constraint. This
differs from |Gertler and Karadi| (2011]), where one unit of investment delivers one new unit of capital. As such, the
adjustment costs show up in their aggregate resource constraint.
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and time series obtained from the Bank of Spainlﬂ The frequency of our model is quarterly. We
discuss the details of the calibration choices and especially of the Bayesian estimation setup and
results in exhaustive detail in Appendix[D] here we just sketch the main elements of the identification
strategy.

Our strategy for identifying parameter values consists of two stages. First we partially calibrate
the model by either taking parameter values that are standard in the macroeconomic literature,
or by targeting first order moments such as the steady state labor supply. A key target is the
(weighted) leverage ratio ¢ in equation , which we determine by employing data from the Bank
of Spain. Specifically, we construct a time series of OMFIs’ total assets over capital & reserves, after

which we calculate the mean over our estimation period, see Appendix Y| We follow

land Karadi (2013) and divide the resulting number by 2 to obtain ¢ = 6.48@ Another calibration

target is that we set \2/AF = 0.5 at all times following (Gertler and Karadi (2013).

In the second stage we estimate the remaining deep parameters using Bayesian techniques. To

do so, we perform a first order approximation around the non-stochastic steady state, and solve

the model (Adjemian et al) 2011). We employ the following quarterly time series for the estima-

tion period 2003Q1-2010Q4: real GDP per capita, real consumption per capita, real government
spending per capita, real exports per capita, real imports per capita, gross inflation of the Spanish
consumer price index, the real wage rate, hours worked per capita, the Spanish Non transferable

three-month deposit rate, and the interest rate on loans to non-financial corporations (NFC)ﬁWe

follow Burriel et al.| (2010) and do not use investment per capita in our estimation. We estimate

the model version without sovereign default risk, as sovereign risk was a relatively minor concern

during the estimation period, see also (2016)), who follows a similar estimation strategy in

9The database of [Burriel et al| (2010) was downloaded in May 2018
through the following link: http://www.sepg.pap.hacienda.gob.es/sitios/sepg/en-
GB/Presupuestos/Documentacion/Paginas/BasedatosmodeloREMS.aspx.  An explanation of the computation
of the time series can be found in (2007).

20«“OMFIs” is an abbreviation for “Other Monetary Financial Institutions”, which are credit institutions and
specialised lending institutions with access to the ECB balance sheet.

2lGertler and Karadi| (2013) explain that the corporate loans in their (and our) model are more equity-like, as the ex
post return is affected by productivity and capital quality shocks. Therefore, fluctuations in financial intermediaries’
net worth will be overstated compared with a model where banks provide fixed principal credit. This motivates
|Gertler and Karadi| (2013) to use a steady state leverage ratio that is half its counterpart in the data.

“2The reason for starting the sample in 2003Q1 is that no data on the interest rate on NFC loans is available prior
to 2003QL1.
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this respectm We calculate growth rates for the above-mentioned variables (except for interest
rates and inflation) and introduce labour-augmenting technology growth into the model, which in-
troduces a trend in the quantity variables of our model (Burriel et al.| 2010). Doing so allows us
to estimate the model without filtering the data beforehand, see Appendix for details.

Employing a time series for the interest rate on NFC loans allows us to identify the (steady state)
diversion rate on corporate loans \; in the Bayesian estimation, for which we find the posterior
mean to be equal to 0.64, see Appendix Given that we employ the posterior mean in our
simulations, we end up setting A\, = 0.32. These values for A\, and ), are higher than in the
literature (Gertler and Kiyotakil 2010; (Gertler and Karadi, 2011} 2013; Karadi and Nakov, 2021]),
where A, and ), are typically below 0.4 and 0.2, respectively. Therefore, financial frictions seem to
be relatively important for the Spanish economy.

We calibrate the remaining parameters related to sovereign default risk. To do so, we set the
steady state default probability equal to 50 quarterly basis points in the model version with sovereign
risk, which amounts to an annual risk of default of 2% per year (Schabert and van Wijnbergen),
2014)). This is also in line with 5-year CDS spreads on Spanish government bonds at the end of
2010. We set the steady state derivative of the default probability equal to 0.2. We will see
below that this results in an increase in sovereign risk by 5 basis points in response to an increase
in government debt of 0.5 % of quarterly steady state output, which implies a default elasticity of
0.003, see Appendix Such a number is small with respect to [Schabert and van Wijnbergen
(2014), for example, who work with a default elasticity of 0.01.

For brevity we relegate the specific details of this calibration/estimation procedure and an

extensive discussion of the resulting values to Appendix

6 The fiscal multiplier, banking fragility and default risk

We first use the full model, with long-term debt to analyse the impact of a fiscal stimulus package

in response to a financial crisis. To that end we simulate an unanticipated financial crisis and, with

23The model version without sovereign default risk is obtained by replacing equation (16) by pfe-f =0.
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one year delay, the fiscal stimulus package. The crisis is initiated by an unanticipated, one-time
increase in the diversion rates for both corporate loans and sovereign debt, AF and A? respectively
(Dedola et all 2013]). As there was a substantial spread between the yield on Spanish government
debt and the deposit rate during the European sovereign debt crisis, we set A\’ > 0 and shock
both rates in equal proportion (i.e. their ratio remains the same)@ We then analyze the output
response to an expansionary shift in government expenditures in response to the financial crisis
shock AF to clarify the impact of a weakly capitalized banking system on the effectiveness of such
a stimulus program in Section After presenting our core results and the associated dynamic
multiplier patterns, we decompose the overall weakening of the fiscal multiplier in Section by
trimming the model down step by step, so as to find out what is the most significant driver behind
this weakening. We also highlight the degree to which uncertainty about the estimates of the deep
parameters affect the strength of our conclusions regarding the impact of sovereign default risk.
This setup gives rise to two questions which we analyse in Sections[6.3|and [6.4] respectively. First
we analyse the impact of the one year implementation delay in Section [6.3} Such a delay between
announcement and implementation is rarely if ever modeled, but as we will show has a significant
(and possibly surprising) impact on the results, and in particular on the size of the cumulative
multiplier. Moreover there is ample evidence that such delays are substantial in practice (Beetsma
et al| (2021)). The second issue is whether the size of the financial crisis matters for the impact of
fiscal policy, a logical question since the 2007/8 crisis was a large one by post-war standards. We
discuss this non-linearity in Section where we also look at the impact of the size of the fiscal
stimulus. To properly capture these potential nonlinear effects, we solve the model using Dynare’s
nonlinear perfect foresight solver (Adjemian et al., 2011)). For comparability, we employ the perfect

foresight solver throughout Section [6]

24Note that /\i€ and )\? are not legal capital requirements, in which case /\It’ should be equal to zero according
to Basel III regulations, but rather constraints imposed by depositors on financial intermediaries within a market
transaction. The incentive compatibility constraint captures in reduced form financial frictions that give rise to a
return difference between assets and deposit funding.
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6.1 The effects of a stimulus package in the presence of financial fragility,

long-term debt and sovereign default risk

We start by discussing the impact of fiscal stimuli after a financial shock decreases banks’ cap-
italization. Specifically, Figure [5| presents the model response to a one-time 5% increase in the
diversion rate of corporate loans AF | as a result of which the diversion rate on government bonds
also increases since \? = (5\1, / ;\k) A¥. The financial shock comes as an unanticipated “MIT” shock,
with persistence parameter py, = 0.7. This implies that output is back at the pre-crisis level of
output after 20 quarters, or 5 years. We then compare a financial shock without a fiscal stimu-
lus (blue, solid) and a fiscal stimulus that is announced on impact but implemented four quarters
later (red, slotted). We introduce an implementation lag of four quarters because this represents a
regular budget cycle. According to some, this is still a conservative choice: Beetsma et al.| (2021)
find that the crosscountry average horizon of fiscal consolidation plans ranges between 1.3 and 2.3
years. |Beetsma et al| (2021)), however, look at fiscal consolidation plans that aim to increase the
sustainability of government finances, a process in which spending cuts are not front-loaded but
typically spread out over longer horizons to mitigate the contractionary impact they might have on
the economy. Our fiscal stimulus package, however, revolves around expanding government spend-
ing to stimulate the economy at a moment where it is in recession, and is therefore likely to be
implemented faster. Therefore, we think an implementation lag of 2-4 quarters is a more reasonable
estimate for our simulations. In Section we investigate in more detail the extent to which the
implementation lag affects the impact of the fiscal stimulus.

Consider the case without a fiscal stimulus (blue, solid line in Figure. In that case, the increase
in the diversion rates for corporate loans and sovereign debt immediately leads to a tightening of
intermediaries’ leverage constraint . As a consequence, lending to intermediate goods producers
is reduced and the credit spread increases. Consequently the demand for capital falls and the price
of capital falls commensurately. And that causes a decline in intermediaries’ net worth (not shown)
and a further tightening of their leverage constraint and subsequent increase in the credit spread.

The tightening of intermediaries’ leverage constraints and a higher diversion rate for government
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bonds A} = (5\1, / j\k) A\¥ lead to a drop in bond prices, which in turn further reduces the value of
intermediaries’ existing holdings of government bonds. Net worth falls further, and an additional
tightening of intermediaries’ leverage constraints leads to a second round of interest rate increases.
The subsequent rounds of balance sheet deterioration cause the credit spread to increase by 100
basis points, investment to drop by almost 3%, and output by almost 0.5%.

Now consider the impact of a deficit-financed stimulus package that is announced immediately
at the start of the financial crisis, but implemented 4 quarters later (red, slotted line in Figure [5)).
Due to the forward-looking nature of financial intermediaries, they anticipate the associated future
increase in government debt. Consequently, they anticipate a future bond price drop because of
i) a larger supply of bonds and ii) an increase in sovereign default risk because of the higher debt
levels. The effects of this anticipated future price drop are propagated through a bond price that
is already lowered before the implementation of the fiscal stimulus package begins, which reduces
the value of intermediaries’ existing holdings of government bonds. The subsequent reduction
in net worth today (not shown) tightens the incentive compatibility constraint of financial
intermediaries and makes them more balance-sheet-constrained. To sum up: the anticipation of
having to finance riskier debt in the future makes financial intermediaries immediately more balance-
sheet-constrained. The bond price falls by almost 0.5% further compared to the case of no additional
government policy, see Figure

A tightening of the incentive compatibility constraint today because of additional capital losses
on government bonds also leads to higher interest rates on corporate loans and an immediate
reduction in lending to the real economy. So the anticipated future debt issue leads to a drop in
lending to the real economy today, with a persistent fall in investment of more than 0.5% of steady
state investment with respect to the no stimulus case, and an additional decline in the capital
stock (not shown) as a consequence. The anticipation by households of higher future taxes to
eventually pay off the additional debt incurred to finance the future fiscal stimulus leads to a drop
in consumption today (not shown), despite an increase in spending by constrained households when
the stimulus is implemented. However, the effect from unconstrained households reducing their

consumption level with respect to no stimulus dominates. In addition to the fall in consumption
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Financial crisis, sovereign default risk, long-term bonds: no policy vs. delayed
government spending
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Figure 5: Plot of the impulse response functions comparing no additional policy (blue, solid) and
a delayed fiscal stimulus (red, slotted) in response to a financial crisis. The delayed stimulus is
announced as the crisis hits, but implemented four quarters later. The size of the stimulus equals
0.5% of quarterly steady state output and is financed through additional debt issue. Bonds have a
duration of 20 quarters, and are subject to soveggign default risk. The financial crisis is initiated
through a MIT-shock to the diversion rate of corporate loans of 5 percent relative to the steady

state.



and investment, the fiscal stimulus increases inflation with respect to the no stimulus case, as a
result of which the real exchange rate appreciates. Therefore, exports decrease with respect to the
no stimulus case (not shown), and the reduction in consumption, investment, and exports cause a
fall in output with respect to the case of no fiscal stimulus. Against all that is the positive direct
impact of the stimulus package at the time it is actually introduced (cf the positive peak in the top
two panels of Figure [5)).

Figure |§| shows the net impact over time of all these (at times conflicting) effects on output. The
anticipation of future tightening leads to tightening conditions today and thus a negative output
effect in the months preceding the actual start of the stimulus program (cf the red slotted line
in Figure @ The net impact turns positive at the start of the implementation, but the negative
channels dominate again within a year after the start of the stimulus. The subsequent period of

negative impact in the end fizzles out to reach zero after 40 quarters.

0.6 Change output (delayed stimulus (4Q) vs. no policy)

of s.s. output

Change in perc.

Quarters

Figure 6: The red slotted line is the fiscal multiplier: the difference between output-with-stimulus
and output-without-stimulus in each quarter. This represents our base case, with sovereign risk,
long-term debt (duration of 20 quarters) and deficit-financed stimulus package. The solid (blue)
line represents the fiscal stimulus itself, expressed as a percentage of quarterly steady state output.

The sequence of periods with negative, positive and again negative impact raises the question

of whether the cumulative policy impact on output can actually turn negative. To answer that

question, we calculate the cumulative discounted multiplier (Mountford and Uhlig} 2009). Denoting
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a variable from the stimulus scenario z°¢ and from the no-policy-response case ™, the cumulative

discounted multiplier is defined as:

o — >0 Byt — uity)
D = - .
> B9(gt; — 9ity)

(32)

This multiplier can also be interpreted graphically from Figure [} the numerator of up is equal to
the cumulative area between the red slotted line and the zero line, with areas below zero having a
minus sign, while the denominator is the difference between the solid blue line (which represents
additional government spending) and the horizontal zero axis. The numerical base case results,
with long-term debt and sovereign risk, are summarized in row 3 of Table [1| below, which displays
the cumulative discounted multiplier for several cases, of which we only consider the third in this
section. The row-3 result indicates that the negative effects stemming from deteriorating balance
sheets on investment and output eventually offset all the direct positive effects to such an extent
that the cumulative multiplier pp turns negative at -0.65: the fiscal stimulus eventually becomes
self-defeating and thus completely ineffective in the face of tightening balance sheet constraints in

the financial intermediary sector (i.e. the banks)!

6.2 Dissecting & quantifying the various amplification mechanisms

A cumulative multiplier that is negative is surely a startling result. In this section we dissect the
contributions of the different channels to the all-in overall cumulative multiplier to show how this
result is built up (cf again Table . We do so by first calculating a base case in which (A) the
stimulus is financed by one-period government bonds (so there are no capital losses on bonds) and
no sovereign risk (row 1); then we introduce long-term government bonds while still assuming away
sovereign default risk (row 2); and finally we add sovereign default risk back in (row 3). Row 3
corresponds to the base case analyzed in the previous section.

Without sovereign risk and with just short-term bonds, the cumulative multiplier turns positive:
wp is 0.25 when sovereign risk is absent, and the maturity of government bonds one period (row 1).

Financing the stimulus by issuing long maturity government bonds, from one quarter as assumed
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Stimulus policy Cumulative multiplier

1: Short-term debt, no sovereign risk 0.25
2: Long-term debt, no sovereign risk 0.15
3: Long-term debt, sovereign default risk -0.65

Table 1: Table displaying the discounted cumulative dynamic multiplier for listed scenarios for a
fiscal stimulus in response to a financial crisis initiated by an MIT-shock of 5% to the diversion rate
on corporate loans and a fiscal stimulus of 0.5% of quarterly output. All stimuli are debt-financed.

in row 1 to an average duration of 20 quarters in row 2, decreases the cumulative multiplier: up
falls from 0.25 to 0.15, which explains 11% of the total decline of 90 basis points (from 0.25 to
-0.65). An increase in the supply of bonds leads to intermediaries demanding a higher (expected)
return on bonds, which is achieved through a drop in the bond price. The resulting capital losses
on intermediaries’ existing bond holdings further tighten leverage constraints. As a result there
is an additional drop in lending, aggregate investment and output compared with the case where
government bonds have a maturity of one quarter. This effect corresponds to the third term in
expression @, which in turn is driven by the first two terms of expression .

Finally we add back in sovereign default risk: compare row 2 with row 3 in Table The
additional drop in pp from 0.15 to -0.65 (or about 89% of the total decline of 90 basis points) is
caused by larger capital losses on existing government bond holdings: a deficit-financed stimulus
not only increases the supply of bonds, but also leads to higher sovereign default risk. This effect
is captured by the third term of expression .

But are the results with sovereign risk significantly different from those without sovereign risk
given the precision with which we have estimated the model parameters? To answer that question we
use the posterior distributions generated by our Bayesian estimation to assess whether the impulse
response functions from the model version with sovereign default risk lie within the uncertainty
bands around the comparable IRFs generated from the model version without sovereign risk (cf
Figure . Note that we show the response to an isolated government spending shock without prior
financial crisis, as AF and \? were constant in the Bayesian estimation.

The figure clearly shows that the impulse response functions for bond prices, investment, and

output of the model version with sovereign default risk lie outside the uncertainty bands around
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Gov’t spending shock, long-term bonds: no default vs. default
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Figure 7: Plot of the impulse response functions for a government spending shock of one standard
deviation in the absence of sovereign default risk (blue, solid), and with sovereign default risk (red,
slotted). The grey areas denote the 90% HPD interval from the Bayesian estimation of the model
version without sovereign risk. In contrast to the rest of Section [6 the impulse response functions
are generated using a first order perturbation around the steady state.
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the IRFs generated with the model version without sovereign risk. These results confirm that the
combination of long-term government bonds and sovereign default risk is key to the deterioration
of the fiscal multiplier and that this effect is statistically significant.

We delve deeper into the impact of debt maturity on the effectiveness of fiscal stimuli in Figure
below: it shows the decline in the cumulative dynamic multiplier up as a function of average debt
maturity of existing and new debt (we recalculate p into the more intuitive but equivalent metric
of average duration, measured in quarters, see Appendix . The blue, solid line depicts the case
with no sovereign default risk, whereas the red, slotted line depicts the case with sovereign default
risk.

Discounted cumulative multiplier as a function of duration

05 Discounted cumulative multiplier
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Average duration in quarters

Figure 8: Average duration of government debt (horizontal axis) vs. discounted cumulative multi-
plier. The blue, solid line depicts the case with no sovereign default risk, whereas the red, slotted
line depicts the case with sovereign default risk.

The figure clearly shows that the longer the average duration and thus the larger the capital losses
that arise from higher interest rates and higher sovereign default risk, the smaller the cumulative
multiplier. Quantitatively sovereign risk is the main cause for the appearance of cumulative negative

multipliers, but the figure also shows that it only does so to a significant extent in the presence of
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longer maturity debt, at low maturity the effect of sovereign default risk is negligible for short-term

bonds, where both multipliers (with and without sovereign risk) are equal to 0.25.

6.3 Timing matters: Implementation delays and the multiplier

In the previous sections we studied a fiscal stimulus that was announced upon arrival of the fi-
nancial crisis shock, but implemented four quarters later. Modeling a fiscal stimulus in this way
deviates from most of the literature, where announcement and implementation typically coincide
but Beetsma et al.| (2015 show that in reality there are substantial delays in implementation of
fiscal policy measures. Given the discrepancy between most of the academic literature and actual
practice, the question arises to what extent such an implementation delay affects our results.

In Figure [9] below we compare the impact of an immediate stimulus for which announcement
and implementation coincide (blue, solid line), and the delayed stimulus (implementation 4 quarters
after it is announced) from the previous section (red, slotted line). The figure shows starkly different
patterns of in particular the output response to the two stimuli, although the stimuli are equal in
magnitude and only differ in their timing.

First, note that output under a delayed stimulus is always below that under an immediate
stimulus, except for the periods in which the delayed stimulus is actually implemented. To better
understand the difference between the two stimuli, we plot the individual components of the demand
for domestic final output from the aggregate resource constraint . In addition, we display a
measure of competitiveness, which we define as the price of imports over the price of exports (“Terms
of trade”).

Figure[9]shows that the financial crisis shock causes domestic demand and hence total output to
decrease initially. As a result domestic prices decrease with respect to foreign prices, and competi-
tiveness improves. As a consequence there is a switch from foreign goods to domestic goods for both
consumption and investment, and exports increase. An immediate stimulus, however, increases do-
mestic demand on impact with respect to a delayed stimulus, as a result of which competitiveness
goes down, everything else equal, and demand for domestic final goods for consumption, invest-

ment, and exports decrease with respect to a delayed stimulus in the first four quarters of the crisis
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Financial crises, sovereign default risk, long-term bonds: immediate vs. delayed
government spending
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Figure 9: Plot of the impulse response functions comparing an immediate fiscal stimulus (blue, solid)
and a delayed fiscal stimulus (red, slotted) in response to a financial crisis. The delayed stimulus is
announced as the crisis hits, but implemented four quarters later. The size of the stimulus equals
0.5% of quarterly steady state output and is financed through additional debt issue. Bonds have a
duration of 20 quarters, and are subject to sovereign default risk. The financial crisis is initiated
through an MIT-shock to the diversion rate of corporate loans of 5 percent relative to the steady

state.
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(before the delayed stimulus is implemented). But the direct effect from additional government
purchases offsets these negative impact effects and causes output under an immediate stimulus to
be above that under a delayed stimulus in the first four quarters. For the same reason the reverse
happens in the second set of four quarters, when the immediate stimulus is over but the delayed
stimulus is implemented.

Once the delayed stimulus is implemented however, the terms of trade under a delayed stimulus
deteriorate with respect to those under the immediate stimulus, as competitiveness goes down and
demand for domestic final goods for consumption, investment, and exports falls. Furthermore,
it takes a long time before the difference in competitiveness between the two stimuli disappears
because the delayed stimulus is implemented when the terms of trade are already deteriorating.
This contrasts with the immediate stimulus, which is implemented at the moment the terms of
trade are improving as a result of the financial crisis. The net outcome is that output under an
immediate stimulus is always above output under a delayed stimulus, except in the quarters where
the delayed stimulus is implemented.

Figure (10| shows the (cumulative) multiplier up explicitly as a function of the length of the
implementation delay. Clearly the larger the delay between announcement and implementation,
the lower the cumulative multiplier, which decreases from -0.14 for an immediate stimulus to -
0.65 for a stimulus that is implemented four quarters after announcement, which marks a decrease
in the multiplier of no less than 0.51 percentage points. So the delay with which the stimulus is
implemented has a substantial effect on the eventual (and the cumulative) size of the multiplier. The
result that the implementation lag can be important is in line with the empirical analysis of|[Mertens
and Ravn| (2012), who show that pre-announced tax cuts that have not yet been implemented have
a contractionary effect on output, investment, and hours worked. House and Shapiro| (2006) find
similar results within a dynamic general equilibrium model that investigates the US tax rate changes
of 2001.

In Table [2| we repeat the deconstructionist exercise of Section Several conclusions emerge
from the table. First, comparison of the first and the second column clearly shows the differential

impact of a stimulus measure that is immediately executed and one whose implementation is de-
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Discounted cumulative multiplier vs. implementation lag
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Figure 10: Figure displaying the cumulative discounted multiplier up versus the lag between the
announcement of the deficit-financed fiscal stimulus and its implementation. The size of the stimulus
is 0.5% of quarterly output. Bonds have an average duration of 20 quarters, and are subject to
sovereign default risk. The financial crisis is initiated through an MIT-shock to the diversion rate
of corporate loans of 5 percent relative to the steady state.

layed by 4 quarters after the announcement. For all external debt configurations the cumulative
multipliers of the delayed stimulus are between thirty and fifty basis points lower than the multipli-
ers following an immediately executed stimulus package. The negative multiplier also emerges for
the immediately implemented stimulus (at -0.14 instead of -0.65, but still negative). The second
conclusion confirms earlier results also: extending debt maturity has a significantly negative impact

on the multiplier, and adding in sovereign risk does that also but substantially more so.

Stimulus policy Immediate multiplier —Delayed multiplier
1: Short-term debt, no sovereign risk 0.64 0.25
2: Long-term debt, no sovereign risk 0.47 0.15
3: Long-term debt, sovereign default risk -0.14 -0.65

Table 2: Table displaying the discounted cumulative dynamic multiplier for listed scenarios for a
fiscal stimulus of 0.5% of quarterly output in response to a financial crisis. All stimuli are debt-
financed. Short-term debt consists of one-period bonds (scenario 1), while long-term debt are bonds
with an average duration of 20 quarters (scenario 2 and 3).
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6.4 The nonlinear impact of the degree of undercapitalization & the size

of the fiscal stimulus

We now turn to the next question, does it matter for the impact of fiscal stimuli whether they are
in response to a small or a large financial crisis? The idea here is that the impact of a binding
incentive compatibility constraint is likely to be nonlinear, as a result of which larger decreases
in financial intermediaries’ net worth lead to a disproportionally larger credit contraction. Similarly,
larger fiscal stimuli might lead to disproportionally larger capital losses and crowding out of credit
provision, which adds an additional non-linearity because the size of the multiplier depends on these
capital losses. Are larger fiscal stimuli less effective than smaller stimuli (keep in mind that pp
is scale independent by design). To investigate to what extent this is the case, we first calculate
in Table |3 the cumulative discounted multiplier for financial crisis shocks A\¥ that range from
2% to 15% of steady state on impact, while keeping the size of the fiscal stimulus fixed at 0.5% of
quarterly output. Second, we calculate in Table [4] the cumulative discounted multiplier for fiscal
stimuli ranging from 0.5% to 4% of quarterly output on impact, while keeping the financial crisis
shock equal to 5% on impact.

We see from Table [3] that the size of the multiplier decreases with the size of the financial crisis
shock AF, both for immediate and delayed stimuli. However, the quantitative difference is relatively
small: the size of the multiplier decreases by 0.06 percentage points for an immediate stimulus
(from -0.13 to -0.19), and by 0.07 percentage points for a delayed stimulus (from -0.63 to -0.70).
Therefore, the size of the financial crisis shock does not seem to be quantitatively important for the
size of the multiplier. Also observe that the size of the multiplier continues to be smaller for delayed
stimuli than for immediate stimuli when the size of the financial crisis shock increases. Therefore,
if a government decides to implement a fiscal stimulus in the middle of a combined financial and
sovereign debt crisis, the government has to act fast, and leave as little time as possible between
the announcement of a stimulus and its actual implementation, which to our knowledge is a new
result. Existing DSGE models with frictions would most likely produce the same result, but the

widely accepted practice of solving a first order approximation of the model makes this sort of
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non-linearities disappear.

Cumulative multipliers for different size of the financial crisis shock \¥

Impact change in \f  Immediate multiplier ~Delayed multiplier

2% -0.13 -0.63
5% (base case) -0.14 -0.65
8% -0.16 -0.66
10% -0.16 -0.67
15% -0.19 -0.70

Table 3: Discounted cumulative dynamic multipliers for different size of impact shock to AF for a
fiscal stimulus that is equal to 0.5% of quarterly output. The reported multipliers correspond to the
model version with long-term government debt and sovereign default risk. The delayed stimulus
features an implementation lag of 4 quarters.

Things are substantially different when we investigate how the size of the fiscal stimulus affects
the multiplier in Table [d] Here, we see a substantial decrease when increasing the impact size of
the fiscal stimulus from 0.5% to 4% of quarterly output. The multiplier falls by 0.29 percentage
points for an immediate stimulus (from -0.14 to -0.43), and by 0.58 percentage points for a delayed
stimulus (from -0.65 to -1.23). Apparently, larger capital losses on existing bonds from the govern-
ment supplying more bonds decrease credit provision to the real economy disproportionally. As a
consequence larger stimuli tend to become less effective.

We can draw two conclusions from Table[d First, the conclusion from Table [3] that immediate
stimuli are more effective than delayed stimuli, carries over to Table [d] and holds for both small
and large fiscal stimuli. A second conclusion is that the size of the multiplier decreases by more
for delayed stimuli than for immediate stimuli when increasing the size of the fiscal stimulus (0.58
percentage points vs 0.29 percentage points). Therefore, in an environment with undercapitalized
financial intermediaries with risky long-term government debt on their balance sheets, the govern-

ment should keep the size of the fiscal stimulus relatively small, and focus on fast implementation.
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Cumulative multipliers for different size of the fiscal stimulus

Impact change in g; Immediate multiplier Delayed multiplier

0.5% (base case) -0.14 -0.65
1% -0.17 -0.69
2% -0.23 -0.81
3% -0.31 -0.97
4% -0.43 -1.23

Table 4: Discounted cumulative dynamic multipliers for different size of fiscal stimulus in response to
a financial crisis that is initiated by a 5% increase in the diversion rate AF on impact. The reported
multipliers correspond to the model version with long-term government debt and sovereign default
risk. The delayed stimulus features an implementation lag of 4 quarters.

7 Discussion & robustness

In the absence of sovereign risk or long-term government debt, we find that our results are in
line with the literature, as the cumulative (discounted) multiplier is positive, see |Gornicka et al.
(2020) among others. This changes, however, for the model version that features both long-term
government bonds and sovereign risk, which decreases the multiplier by at least 0.60 percentage
points. The difference with |Gornicka et al.[ (2020)) is most likely caused by the fact that the sample
of |Gornicka et al.| (2020) includes all countries that are subject to an excessive deficit procedure
of the European Commission, irrespective of whether countries were experiencing a sovereign debt
crisis or not. Spain, for example, was in the middle of such a crisis in 2012, during which it almost
lost access to bond markets when it tried to borrow billions of euros to recapitalize the Spanish
banking system in May 2012. We predict that the same thing would have happened if Spain had
tried to initiate a fiscal stimulus like the one studied in this paper, which would thus likely have
been counterproductive, it could well have led to reduced rather than increased Spanish output.
Therefore, we think our estimates of multipliers below zero are not unreasonable.

Finally, we perform robustness checks in Appendix [E] We calculate the multiplier for several
alternative parameter values such as the steady state diversion rate of corporate loans, the relative
ratio of government bonds over corporate loans, the steady state leverage ratio, the coefficient re-
lated to households’ quadratic adjustment costs from bond holdings, and the fraction of constrained

households. We find that the multiplier changes very little in the absence of sovereign default risk,
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both for short-term debt and long-term debt, although the multiplier decreases when the fraction
of constrained households is reduced. In addition, we also change several calibration targets for the
function describing the probability of sovereign default . We find that the multiplier changes
by more when government debt is long-term and subject to sovereign risk. However, the key con-
clusion of the paper, namely that the multiplier substantially decreases when sovereign default risk

is introduced, continues to hold for all alternative parameter values.

8 Conclusion

In this paper we show that the effectiveness of fiscal stimuli is reduced when financial intermediaries
are undercapitalized, and under specific circumstances to such an extent that the multiplier may
actually turn negative. This happens when banks have large holdings of government bonds on their
balance sheets, and the more so when these debt securities are subject to endogenous sovereign
default risk. The mechanism we highlight is a new credit availability channel: deficit-financed
stimuli lead to higher interest rates and possibly increasing sovereign risk. This in turn depresses
bond prices and triggers capital losses on banks’ existing holdings of sovereign debt; the resulting
decline in capital ratios leads the banks to restrict loans to the corporate sector, with crowding out
of investment as a result. On top of that, there is a feedback from banking troubles to government
finances: tightening bank balance sheets do not only lead to more restrictive credit to the private
sector but also depresses demand for government bonds, which in turn leads to a second round of
higher rates and capital losses on banks’ existing bond holdings, and a second round credit squeeze.

To make the general point we first construct a simple two period general equilibrium model
with leverage constrained banks that hold long-term (risky) sovereign debt and extend loans to
the real economy. We analytically show that in such circumstances credit provision to the real
economy is crowded out by a debt-financed fiscal stimulus with crowding out of private investment
as a consequence. We highlight that crowding out of private investment is amplified i) for longer
maturity government debt, and ii) greater sensitivity of sovereign debt discounts to increasing

levels of sovereign debt outstanding (endogenous sovereign default risk), as these two features lead
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to larger capital losses for banks holding government bonds.

To show the quantitative and empirical relevance of these claims we construct an infinite-horizon
New Keynesian DSGE model of a small open economy member of a monetary union (Burriel et al.|
2010). Unlike Burriel et al.| (2010), there is an endogenous, partial response of interest rates since
Spain is in fact not that small within the Eurozone, and may influence Eurozone aggregates suffi-
ciently to trigger an ECB response. We extend this model by incorporating undercapitalized finan-
cial intermediaries with corporate loans and long-term government bonds subject to endogenous
default risk on their balance sheets. We estimate critical parameters through Bayesian techniques
using Spanish data while calibrating on first order moments, also to Spanish data.

We confirm in this empirical application that the effectiveness of fiscal stimuli is indeed reduced
when the average duration of government debt is extended to a level that coincides with the maturity
of outstanding Spanish sovereign debt, although the multiplier is still positive in the absence of
sovereign risk, in line with |Gornicka et al.| (2020)). The size of the multiplier is especially reduced
when sovereign default risk is introduced in addition to the longer maturity sovereign debt. The
combination of these two ingredients causes the multiplier to decrease by at least 0.60 percentage
points with respect to the case where only one of these features is included.

A second set of results stresses the nonlinear nature of the model. Specifically, we find that
the size of the financial crisis shock affects the effectiveness of fiscal stimuli in raising output: the
larger the financial crisis, the smaller banks’ net worth, and the smaller the cumulative multiplier.
Quantitatively more important, and new in the literature, is that we find that the multiplier dete-
riorates with the size of the stimulus when sovereign debt is long-term and subject to default risk:
the larger the stimulus, the larger the decrease in bond prices, and the larger the hit to banks’ net
worth. This second effect can cause the multiplier to fall by 0.58 percentage points with respect to
smaller-sized stimuli.

A third set of results we wish to highlight is the impact of implementation delays on the size of the
fiscal multiplier, an underresearched issue in the literature. We find that the size of the cumulative
multiplier decreases with the lag between announcement and actual implementation of the stimulus

by at least 0.30 percentage points for a stimulus with an implementation lag of four quarters (with
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respect to no lag). This is an important point as there typically is an implementation lag of at least
several months in the real world, for example because of parliamentary approval procedures.

Our results are particularly relevant for Spain, where the banking system was severely under-
capitalized after the bust of the housing boom of the 2000’s, and Spanish sovereign debt holdings
by banks were equivalent to 150% of Tier-1 capital; but this situation extended to Southern-Europe
in general where banks had large holdings of domestic government debt and were severely under-
capitalized after the Great Financial Crisis (GFC) (IMF} 2011; [Hoshi and Kashyap, |2015]).

To sum up, our results highlight the importance of i) implementing fiscal stimuli as soon as
possible after they have been announced, as their effectiveness deteriorates with the time between
announcement and implementation; ii) cleaning up commercial banks’ balance sheets early on in
an unfolding financial crisis, and before embarking upon fiscal stimuli, and (iii) keeping the size
of fiscal stimuli small when commercial banks are undercapitalized, as the multiplier substantially

decreases with size.
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Appendix “Financial Fragility and the Fiscal Mul-
tiplier”

A Data sources introduction

In this section we describe the data sources that we used in section [2] The data for Figure [I] were
directly downloaded from the website of the World Bank, and did not need further processing@

Figure |2 was computed from data from the European Banking Authoritym We added domestic
government bonds of all maturities for all financial institutions that took part in the stress test,
and divided by total capital for the financial institutions of this country that participated in the
stress tests.

For Figure [3| we downloaded SNR CR Credit Default Swaps Premium Mid in Basis Points from
Datastream, Thomson Reuters. We use the raw data, and did not perform any processing. Below

we provide the codes for the respective countries:
e Republic of Italy Senior CR 5 Year E, Mnemonic ITG5EAC Code S183RD.
e Republic of Portugal Senior CR 5 Year E, Mnemonic PTG5EAC Code S18446.

e Kingdom of Spain Senior CR 5 Year E, Mnemonic ESGS5EAC Code S164NN.

B Derivations Two period model

B.1 Details model setup

B.1.1 Households

Households care about consumption ¢ in period ¢t = 0 and ¢t = 1 because consumption generates
utility u (¢). The utility function u (c) satisfies the regular conditions «’ (¢) > 0 and u” (¢) < 0.

Households discount the expected future cashflow in period ¢ = 1 by the subjective discount factor 3,

25The data can be found at http://data.worldbank.org/indicator/FB.AST.NPER.ZS.
26The data can be found at http://www.eba.europa.eu/risk-analysis-and-data/eu-wide-stress-testing/2011 /results
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and receive income in period ¢ = 0 from an endowment Wy, which they divide between consumption
co and savings through deposits dy at financial intermediaries and an internationally traded asset
ap. The interest rate on the internationally traded asset r§ is exogenous and equal to the world
interest rate, while the interest rate on deposits rg is determined in period ¢t = 0. Principal and
interst of oth assets are (re)paid in period ¢ = 1. In addition to the repayment of deposits and the
internationally traded assets, households also receive profits from financial intermediaries ny and
profits from production firms H{ =y — (1 + 7"’5) ko. Period t = 1 income is used for consumption ¢;
and to pay lump sum taxes 7 to the government. Although households own the production firms
and financial intermediaries, they are not capable of influencing production or investment decisions
and therefore take profits as given when choosing between consumption and savings in period ¢ = 0.

Households’ optimization problem is given by:

max u(co) — v (ho) + Eo [Bu (¢1)]
{co,c1,do,a0}
s.t.
co+do+ag = Wy,
_ d a f
01+T1 = (1+r0)d0+(1+r0)a()+n1—|—H1,

where Fjy denotes the expectations operator conditional on information in period t = 0. After

setting up the accompanying Lagrangian, we obtain the following first order conditions:

co : U (co) = Ao, (33)
¢ :ou (e) =M, (34)
do : Ep[Bhoq (1+75)] =1, (35)
ao : Eo[BAos (1+1rd)] =1, (36)

where SAg1 = BA1/Ao is the households’ stochastic discount factor, and A; the marginal utility
from an additional unit of consumption in period ¢t. By combining the first order condition for

deposits and the internationally traded asset , we immediately see that the interest rate
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on deposits rd will in equilibrium be equal to the exogenous wordlrg

B.1.2 Production sector

Production firms borrow in period ¢ = 0 an amount sf from financial intermediaries to acquire
consumption goods from households, which they convert one-for-one into physical capital: kg =
sé@ Production firms employ the physical capital stock kg acquired in period ¢ = 0 for production

y1 of consumption goods in period ¢ = 1 using the following production technology:
n=ky, 0<a<l, (37)

The market for corporate loans is perfectly competitive, and the net interest rate 7% on loans is
determined in period ¢ = 0 and paid in period ¢ = 1 to financial intermediaries, together with
repayment of the principal. Because the market for corporate loans is perfectly competitive, both
production firms and financial intermediaries take r5 as given when determining how much to borrow
and lend, respectively. Period ¢t = 1 profits are given by H{ =y — (1 + rg) =k§ — (1 + r’o“). As
there are no productivity shocks, production firms’ period ¢ = 1 profits H{ are known at the end of
period ¢ = 0. Production firms will therefore choose to borrow an amount such that the marginal

benefit from an additional unit of capital is equal to the marginal cost:
akd™t =147k (38)

Therefore, the equilibrium interest rate will endogenously adjust to changes in lending by interme-
diaries until the market clears in period ¢t = 0. Given production firms’ first order condition for

corporate loans, we can calculate their period ¢ = 1 profits, which are equal to H{ =(1—a)kg.

27In |Gertler and Kiyotaki| (2010);|Gertler and Karadil (2011 as well as in our infinite-horizon model version, there
are adjustment costs when converting final goods into physical capital, as a result of which the price of physical
capital is typically different from 1. In the absence of such adjustment costs, the price of one unit of loans s’g in

terms of consumption goods is therefore equal to 1.
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B.1.3 Financial intermediaries

As mentioned in the main text, the objective of financial intermediaries is to maximize expected
discounted net worth Ey[8A¢1m1] in period ¢t = 1, subject to intermediaries’ balance sheet con-
straint ([2]) in period ¢ = 0, intermediaries’ law of motion for net worth in period t = 1, and the
incentive compatibility constraint . After substitution of intermediaries’ net worth in period

t =1 into EO [BAOJTLl]Z
Eo [6/\011”1] = EO {6/\071 [(1 + 7“’8) ko -+ []. —p(bo)} bo - (1 + 7"3) do] } . (39)
Next, we set up the accompanying Lagrangian of intermediaries’ optimization problem:

L = (1+4po)Eo{BAoa [(1+7§) ko+[1—p(bo)]bo— (L+7§)do]}

— o (Meko + Aegbbo) + xo (no + do — ko — gbbo)

where pg denotes the Lagrangian multiplier on intermediaries’ incentive compatibility constraint
, and xo the Lagrangian multiplier on intermediaries’ balance sheet constraint . Differentiation

with respect to loans, bonds and deposits results in the following first order conditions:

ko (14 po) Eo [BAoa (1+7)] = X0+ Aepo,
bo : (1+ po) Eo{BAox [l —p(bo)]} = x0a5 + Ao,

do = (14 po) Eo [BAos (1 +78)] = xo.

Substitution of the first order condition for deposits gives the following first order conditions for

loans and bonds:

A
ko : EQ [BAOJ (Tg — T’g):l = 1 —T—M:O’ (40)
1 —p(bo) d:| } Abflo
by : E A — —1—-r = , 41
o o Eo{pmn |2 i)} - e (1)
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Next, we substitute intermediaires’ balance sheet constraint to eliminate dy in intermediaries’

expected net worth in period t = 1:

1—p(b
EO [6A071TL1] = EO [ﬂAO,l (7"6C — ’l"g)} ko -+ EO {ﬂAOJ |:5b(0) — ]. — Tg:| } ngo —+ E() [ﬂAQﬁl (]. —+ Tg):l no
0
Ho b
T+ o (Arko + Abggbo) + 70, (42)

where we substituted intermediaries’ first order conditions and in the first two terms on
the right hand side, respectively, and households’ first order condition for deposits in the third
term. Substitution of expression into intermediaries’ incentive compatibility constraint
generates the desired expression for intermediaries’ incentive compatibility constraint @

B.1.4 Aggregate resource constraints

The aggregate resource constraint in period ¢t = 0 is given by:

co + ko + go + ap = ng” + W, (43)

where ng” denotes intermediaries net worth @ in period t = 0, excluding the market value of their
existing holdings of government bonds ¢4b_;, and W, households’ wealth in period ¢ = 0.

The aggregate resource constraint in period t = 1 is given by:

c1 =91+ (1+7rg)ag, (44)

B.1.5 Equilibrium definition

The competitive equilibrium for the two-period economy is defined by the quantities {co, ¢1,do, ag,

Y1, ko, go, bo, no } and (shadow) prices { Ao, A1, 8,75, rd, 78, o} such that:

1. Households optimize taking prices as given: - , with SAg1 = BA1/Ao denoting

households’ stochastic discount factor.

2. Financial intermediaries optimize taking prices as given: (40) - (41]) while taking into account
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the balance sheet constraint , the incentive compatibility constraint @7 and intermediaries’

net worth in period t = 0.
3. Production firms optimize taking prices as given: - .
4. The goods markets clear: - ([44).
5. The fiscal variables evolve according to: ([Lf).

6. Exogenous variables are 7§, go.

B.2 Analysis of the equilibrium

We start by rewriting intermediaries’ first order condition in the following way:

Aoy (rF — rd) = A, —H0 ,
5 0,1(() 0) k1—|—u0

where we have dropped the expectations operator. The reason why we can do so is that c¢; is
effectively determined in period ¢ = 0. We can see this by looking at the aggregate resource
constraint (44)), where we see that the right hand side is determined in period ¢ = 0, since equation
(37) shows that y; is effectively determined in period ¢ = 0. Next, we use the above expression to

solve for po:
_ Bhoa (6 — 1)
Ak — Bhoa (r§ — 7).

Mo

Using households’ first order condition for deposits 7 we can write the above expression as:

) vk —rd
0=
py (1 + Tg) — (r(’)“ — rg)
Therefore, 1 4 g is equal to:
g (1478
L+ po = a1 0) (45)
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Now implicit differentiation of pg with respect to go gives the following expression:

'rk 'r‘d 'r‘d T,k 'r‘d
apo i — ) D (L) = (= o)) — O — o) [ 58— (58— 1)
dgo e (1+78) = (b = )] '
Ao (14 rg) - 958 X (14 rf) - 2o

e (14 7) = (b = )]
drd} .

2
1+ po o dr§ k 0
S L 1 20 1 .20
(Ak(lwg)) [Ak( 1) - gy ~ AL T0)

(L) [ 1 ak 144k drg]

Ak

L+rf dgo (1 +rg)2 " dgo

where we employed equation when moving from the second to the third line. Finally, we

implicitly differentiate equation with respect to gy to obtain the following expression for fl—‘;(‘)’:
d
dpo - _ _C.%_D.dﬂ7 (46)
dgo dgo dgo
with C' and D given by:
1 > a(l-a)ks™?
c = Wim) ook ", (47)
Ak 147§
1 2 140k
p — Uhm)l 14 (48)

)’

Next, we derive two relations between the change in physical capital % and the change in the

dgb

bond price o

. The first equation is obtained by substituting the government budget constraint
and the expression for intermediaries’ net worth ng in period ¢t = 0, equation @, into intermediaries’

binding incentive compatibility constraint @:
(1+ po) (n§” + agb—1) = Axko + Ay (ggb—1 + 90) -

Implicit differentiation with respect to gg, and employing expression gives the following ex-
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pression:

dko drg dg}
Mo+ Cno) - 20— N = Do T 4 (14 g — Ay by - 20 49
(Ar + Cnyg) g0 b ng dgo+( + po — Ap) b1 g0 (49)
which coincides with equation (9) in the main text.
dqg

A second equation that links the change in capital % and the change in the bond price doe is
obtained by combining intermediaries’ first order conditions - . Specifically, we solve for
to/ (14 pp) from intermediaries’ first order condition for corporate loans , and substitute the
resulting expression into intermediaries’ first order condition for bonds , where we remember
that we can drop the expectations operator as c¢; is determined in period t = 0. The result is a
first order condition that relates the marginal cost from reducing corporate loans by one euro to

the marginal benefit from increasing bonds by one euro:

— () = 32 0 - ). (50

1 —p(bo)
@

Next, we eliminate 7% by substituting production firms’ first order condition for capital ,

after which we implicitly differentiate the resulting expression with respect to gg:

/ _ b d
_Plbo) db 1 p(bo).1.%:’\”a(a_1)k6x—2.‘ll€()+(l Ab) drg (51)

¢ dgo @ @ dgo M dgo ) dgo’

Now, we implicitly differentiate the government’s budget constraint with respect to gg, and

solve for gﬂ:
go b

db 1 d

S == { (bo —b-1) - dqo

-— = +1} 52
dgo QS 90 ( )

Substitution of this expression allows us to rewrite equation in the following way:

1—p(b (b 1 dgb ' (b A drd A dk
pb( o) [, _ (bo —b_1) - L (bo) } T).ﬂ _ P 02)_<1 _ b).ro 2ol —a) ke 220

o 1=p(bo)] q§ dgo (43) i) dgo Ak dgo
(53)
Now that we have obtained two relations that link the change in capital % and the change in
the bond price Z—Zﬁ, we can combine the two to obtain a closed-form expression for the change in
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b
the bond price ;%. To do so, we substitute the expression for % from equation (49) to get:

(F-G)- qlg : Zgi = —i\—Za(l —a) kg2 — i—Za(l —a) ki *Dny - zgf
— (Mg +Cno) (1 — ;Z) . Zgi — (A + Cnyg) p(’q(bb)oz)’ (54)
0
where F' and G are given by:
F o= (Ow+Cno) 1_58“’0) [1 —(bo—b_1)- 1p/ S’E’b)o) (55)
G - f\\—:a (1—a) k&2 (14 o — o) abor. (56)

b
We see from equation that = - % < 0if F' > G, since we assume that 0 < A\, < A\;. To show

qg

that F' > G, we rewrite F' — G in the following way:
F—-G=F +F,— G+ G,

where Fi, Fy, G1, and G5 are given by:

1—p(by) P’ (bo)
1 k q;o) |: ( 0 1) 1— p(bO) > 07 (57)
1 —p(bo) P (bo)
F = —_— 1 — — 00— T 1 N

2 C’Il() qg [ (bo b 1) 1 > (bo) > 0, (58)
A

G, = )\—Zog (1= a) k&% (1+ po) gib_1 > 0, (59)

Gy = %0‘(1 — ) k§ 2 Xpggb_1 > 0 (60)
k

It follows immediately that FF — G > 0 if we show that F, — G; > 0. To show that Fy — G > 0, we
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write out the expression below:

_ 1 —p(bo) P’ (bo) Ay o2
F,-G = CTLOTO {1 —(bo —b-1) - 1_}9?[)0)} - )\701(1 — ) k§ ™ (14 po) ggb—1
_ (L o) o ca(l—a)ki™® (1 —p(bo) o ' (bo)
N i 1+ rg < a ) {1 (bo =) 1—P(bo)}
- %a (1= a) ko2 (14 o) g2bs
k
(14 pmo)a(l—a)ki™® [1—p(bo)] /4§ P’ (bo)

{(1+u0)n0 (

where we substituted the expression for C' when moving from the first to the second line. Now,

A ) [1 —(bo —b-1) - 1])?1)0)} - )\bngl}

1+rg

we divide equation by 1+ rg on the left and right hand side of the equation, and rearrange to

(35)=

obtain:

k d
o —To

1+rd

[L—p (o)l /ab _
1+rd

A
Ak

Using this (in)equality, we can write Fy — G as:

(1+ po) (1 —a) k™2

hr-Gy >
2 1 = )\k
(U 4po)a(l—a)kg?
- "
(4 po)a(l—a)kg™?
— "
L (m)a( - o)k
Ak
(U 4po)a(l—a)kg™?
— "
N (1+po) (1 —a) k2
Ak
(A 4po)a(l—a)kg?
- "
(14 po) a (1 —a) kg2
+
Ak

{(1 + po) no [1 —(bop—b_1) -

P’ (bo)
i) e

{(Akko + Abaobo) [1 —(bg—b_y) - %] — A,,ng_l}
Aiko :1 —(bo—b_1) - %_

[Abngo — \p@obo (bo — b_1) - % - )\bngl]

Aiko :1 —(bo—b_1)- %_

[ 0~ 0-1) = Auap 00— 5-1) - 20

Aiko :1 — (b —b_1) - %_

ogd (bo —b_1) {1 — by - %] > 0.

where we substituted the binding incentive compatibility constraint @ when moving from the first

to the second line. Observe that this result is conditional on the default elasticity by -

»’(bo)
1—p(bo)

<1,
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as this automatically implies that (bg — b_1) - 1]3_/1(7?2())) < 1 since (bg —b_1) - 1’1}%’73) < bg - 11’_/1(7?2())).
The default elasticity being smaller than one is a reasonable assumption, as this implies that we
are on the rising part of the debt-Laffer curve, which is an empirically plausible assumption for all
but the most indebted countries (Claessens, [1990)).

Now that we have proven that F > G, and therefore that the bond price always decreases in

response to a government spending shock, we divide equation by F' — G to obtain expression

from the main text, where Ay, Ao, and Aj are given by:

Qo (1—a)kd™?

Ak
_ 1
Ay r—G >0, o
/)\\720[ (1-a) kg_ano + (Ax + Cnyg) (1 B %)
Ay = =0 .
F-G
A C

(@) (F - G)
C Derivations: infinite-horizon DSGE model

C.1 Households

We follow |Gali et al.| (2007), and assume that there are two types of households: constrained
and unconstrained households. Each household type consists of a continuum of infinitely lived
households with identical preferences, and (if applicable) identical asset endoments.

Both types of households derive utility from consumption and leisure, with habit formation in
consumption, in order to capture realistic consumption dynamics (Christiano et al., |2005). House-
holds optimize expected discounted utility:

(i)

o he
B {Zﬂ oo [log (chars = Uh11) — B
s=0

}, Be(0,1), vel0,1), ¢=>0,

with g € {r,u}, where r refers to constrained households, and u to unconstrained households. In
addition, observe that c;{t denotes consumption per household of type g, h;{t are hours worked by

the members of the household of type g that are workers, and (; denotes a preference shock. We
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assume that the deep parameters 3, v, ¥, and ¢ are the same for both types of households.

C.1.1 Constrained households

First, a fraction v, of households cannot save and consume their entire income, which consists of
income from supplying labor h}, at a wage rate w;. This income is divided between consumption

¢i; and lump sum taxes 77,. As a result, their budget constraint is given by:
Cia T Tia = wehjy, (64)

where w; denotes the real wage rate at which constrained households provide labor. Furthermore,
lump sum taxes 77, are allowed to be negative, in which case they constitute a transfer from the
fiscal authority. A constrained household faces a perfectly competitive monopolistic labor market,
in which it sets the nominal wage rate, and supplies as much labor as demanded by the labor
agencies, which we will explain in section

The constrained households set the nominal wage rate at which they are willing to supply labor,
after which they provide any amount of labor demanded. Adjusting the nominal wage rate is subject
to (Calvol (1983) pricing frictions, as explained in [Erceg et al. (2000). We will explain this in detail
below. Apart from the first order condition for the nominal wage rate and the budget constraint

, the first order condition for the constrained household’s consumption levelc}, is given by:

Ab =G (Cg,t - ch,t—l)_l —vBE; [<t+1 (C§,t+1 - UC;,t)_l} ) (65)

where A} denotes the shadow value from an additional unit of consumption by the constrained
household.
C.1.2 Unconstrained households

A fraction 1 — v, of households is unconstrained, and can be subdivided between bankers and
workers. Every period, a fraction f of the unconstrained household members is a banker running

a financial intermediary. A fraction 1 — f of the unconstrained household members is a worker.
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At the end of every period, all members of the unconstrained household pool their resources, and
every member has the same consumption pattern. Hence there is perfect insurance within the
unconstrained household, which facilitates aggregation.

Every period, the unconstrained household earns income from the labor of its working members
and the profits of the firms that are owned by the household. In addition, unconstrained households
keep short-term deposits in commercial banks, which are paid back with interest, as well as an
internationally traded asset and long-term government bonds. Just as constrained households, the
unconstrained household faces a perfectly competitive monopolistic labor market, in which it sets
the nominal wage rate, and supplies as much labor as demanded by the labor agencies, see section
The unconstrained household uses these incoming cash flows to buy consumption goods which
are immediately consumed upon purchase, and make new deposits into financial intermediaries@
In addition, they acquire long-term domestic government bonds. We assume there is a risk-premium
for the unconstrained household on Spanish deposits and the internationally traded assets. The
risk-premium is decreasing in the net foreign assets that are held by unconstrained households@ In
addition, the unconstrained household faces adjustment costs that are quadratic in their holdings
of government bonds (Gertler and Karadil 2013]).

The budget constraint of unconstrained households is given by:
djt fit

nfa + nfa
t t

1 . 2
arsyy g (i =) = w4 (U rdiees + (L) e

u u
Gt T Tie T

(gl + Q. (66)

Deposits d; ;1 are posted at financial intermediaries at the end of period ¢t — 1, and pay a net real
return r¢ and principal at time t. Similarly, net foreign assets f;;—1 are acquired at the end of
perio — 1, and pay a net real return r7; and principal a € beginning or perio . overnmern
iod ¢ — 1, and t real return r{ and principal at the beginning of period t. G t
onds s, , are acquired at the end of period t — 1 at a price ¢;_; in the market for governmen
bonds sy, ired at the end of period ¢ — 1 at a price ¢_; in th ket f t

debt, and pay a net return r?*, which includes potential losses from a default by the domestic

28but not in the ones owned by the family, in order to prevent self-financing.
29We introduce this risk-premium to ensure the model is stationary in the sense that the net foreign asset position
of the domestic economy eventually converges back to steady state (Schmitt-Grohe and Uribe} |2003)).
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government, see below. ;' e denotes the risk-premium, which is determined at the moment the

assets are acquired@ The risk-premium is given by the following functional form (Schmitt-Grohe

and Uribe, 2003)):

nfe — exp |:—l€nfa <fty_h f)} , (67)

t

where f; denotes aggregate net foreign assets (in terms of the domestic consumer price index), f
denotes aggregate net foreign assets in the steady state, and where y? denotes domestic output.
Furthermore, w; denotes the real wage rate which will be the same across constrained and
unconstrained households, as we will see below. 7!, are lump sum taxes paid by the unconstrained
household to the government, and §2; are the profits from the firms owned by the households. The
profits of financial intermediaries are net of the startup capital for new bankers, as will be explained

below.

The net real return on deposits and net foreign assets is given by:

1+r

1+78 = 7; L (68)
t
1+

1+ = 77rt1, (69)
t

Now the first order conditions for the optimization problem of unconstrained households are

then given by:

iy ot AN =G (C?,t - UC?,tfl)_l —vBE; [Ct+1 (C?,t+1 - Uc?,t)_li| ) (70)
do 1= By [BA e (14 )], ()
fix + 1=E [BA?,tﬂz/J?fa (1 + 7"{+1)} ; (72)

(1+ri) g
bh 4
PR

)

where ri%, = (1 - pfﬁﬁdef) (1+7rf4) — 1, and where A} denotes the shadow value from an

30We need to have that in addition to the internationally traded assets, deposits are also subject to the risk-
premium, otherwise the Blanchard-Kahn conditions are not satisfied.
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additional unit of consumption by the unconstrained household, and 5*Ay', , ; the stochastic discount
factor to convert cash flows from period ¢ + 4 in terms of utility in period ¢. Therefore, A}, , =

At/ Ay for i > 0.

C.1.3 Households’ choice between domestic and foreign goods

Aggregate consumption ¢; is given by the sum of aggregated consumption by constrained and

unconstrained households, and is therefore given by:
c =vpcy + (1 —v) ¢} (74)

The consumption bundles ¢; and c}', however, are a composite of domestically and foreign produced
goods. We assume that both household types have the same preferences for domestic goods ¢ " and
foreign goods cg’f , where ¢ € {r,u}. We assume composite consumption c{ is given by a standard

constant elasticity of substitution function:

1 N = st et
o= {(1—%)% GO } : (75)

where 1 — v, is the degree of steady state home bias, and 7. the elasticity of substitution between
domestic and foreign goods. The problem of household type g is a static optimization problem in
which the household of type ¢ aims to minimize expenditures on domestic and foreign goods for a

given level of composite consumption cj:

min Pthc? + Ptf c,{ ,

{cboer}
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subject to equation , where P/ and Ptf denote the nominal price of domestic and foreign goods,

respectively. The resulting first order conditions are standard, and given by:

Ph —Ne
Al = (1 -, (t> cf, (76)
P,
—ne
pf
A el =, <t> cf, (77)
Py

where P, denotes the price level of the domestic consumption index (CPI). Since the compos-
ite consumption preferences are the same for both types of households, we can aggregate
straightforward to obtain that domestic aggregate consumption demand for domestic goods ¢} =
veey" 4+ (1= 1) ¢ and foreign goods ¢f = vne)’ + (1 — 1) ¢ is given by:

=1 —v) () ", (78)

—Ne
o o =v(pl) e (79)

where ¢, is given by equation (74)), and where p{ = P{/P, with q € {h, f}.
Finally, substitution of the first order conditions and of households of type ¢ into the

consumption aggregation function gives the following equation:
1= P\ e
L= =v) (o) " e () (80)

Solving for pf' from equation and for p/ from equation (79), and substituting the resulting
expressions into equation gives the function that relates domestic and foreign goods into ag-
gregate consumption ¢;:

N

1 ne—1 1 "5171 ne—1
o= [ = woy® (@) ol () | (31)
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C.2 The Fiscal Authority

The fiscal authority (the government) levies lump sum taxes on households, issues bonds to finance
its (exogeneous) expenditures g; and services outstanding government liabilities. Government bonds
have a parametrisable maturity structure as in |Woodford| (2001)): nominal coupon payments on
bonds issued in period ¢t — 1 equal (1 — p)jfl z. in period t — 1 + j, and therefore decay at a
rate 1 — p per period. Hence the price of a nominal bond B;_; issued in period ¢t — 1 equals a
fraction 1 — p of the price ¢¢ of a bond B; issued in period ¢, where the price ¢? is expressed in
terms of the domestic consumer price index P;. Outstanding nominal government liabilities at the
beginning of period ¢ are therefore equal to the coupon payments on outstanding bonds z.B;_1 and
the market value of those outstanding bonds (1 — p)¢?B;_;. The expected duration is therefore
equalto1/[1 — 8 (1 — p)]@ The nominal government budget constraint in the absence of sovereign

default risk is therefore given by:
Qth + Py = Pthgt +z.Bi_1+(1—p) Qth—l-
Division by the domestic consumer price index P; gives the budget constraint in real terms:
Q§bt + = pilgt + (1 + Tf) Q?71bt717
where by = B;/P; is the real value of government bonds, and 1+ r? is given by:
ze+(1-p)gqt

1+Tf = —, (82)
Ttqy 1

where m; = P;/P;_1 is the gross inflation rate of the consumer price index.

Z?‘;l jﬁjil(l_P)jilmc

31Duration is defined as: - - .
252 BI=1(1-p)i—la,
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C.3 Financial intermediaries

Remember from Section that intermediaries optimization problem is to maximize the contin-
uation value (23)), subject to the balance sheet constraint (21)), the law of motion for net worth

(22), and the incentive compatibility constraint (24)). To find the solution, we follow
[Kiyotaki (2010); |Gertler and Karadi (2011)), and assume that the solution for the value function

has the following functional form, which we will check afterwards

Vit = VthfS;?,t + Vf(JfS?,t + Mgt (83)

|Gertler and Kiyotaki| (2010) show that the intermediary’s optimization problem boils down to:

k k k bbb

. max }VM, sbo Vie > Na'si + ANays)y
5% 82
30775t

The Lagrangian for this problem is now given by:

k Kk k b b.b k k k b b b
L= (1+ ) (Vt Gy Sj4 T V4 QS+ ﬂtnj,t) — [t ()‘t q S5+ Ay Sj,t) )
where p; is the Lagrangian multiplier on the incentive compatibility constraint . Taking the
derivative with resepct to corporate securities, government bonds, and the shadow value p; of the

incentive compatibility constraint gives the following first order conditions:

Bt k- N =0 = o = (1)
oot (gt =N =0 = 0 =X (150
pe o (Vhabst, 4+ vRalst, + mnge — Arabst, — Aol ) e =0
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Taking the first order condition for corporate securities, we can solve for the shadow value p; of

intermediaries’ incentive compatibility constraint (24]):

k
Vy

—_—. 84
e — b (84)

He =

Combining the first order condition for corporate securities and government bonds gives the follow-

ing equation:

b
V=L (85)
t )\k to
£
Substitution of this expression into the guess for intermediaries’ value function gives:
ko k.k A b
Vie =1 <Qt 854+ )\Tﬂt Sj,t) + Mgt (86)

Substitution of this expression into intermediaries’ incentive compatibility constraint then gives
intermediaries’ endogenous leverage constraint .

Next, we substitute the incentive compatibility constraint into intermediaries’ guess for the
value function , which allows us to express the value function Vj; solely in terms of intermedi-

aries’ net worth n;,:

Vie=(m+ Vf@) Tt (87)

Substitution of expression into the right hand side of the Bellman equation gives the

following expression for the continuation value of the financial intermediary:

Vit = E; {ﬁAth [1 —0+0 (77t+1 + Vtk+1¢t+1)] nj,t+1} =E [Q+1n441]

where Q11 = BAY 4 [1 =040 (41 + vf10141)] can be thought of as a stochastic discount

factor that incorporates the financial friction (Gertler and Karadi, [2011]). Now we substitute inter-
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mediaries’ expression for next period’s net worth (22)) into the expression above:

Vie = E[Quanje] =E Q[ +rf) ast,+ (U +ri) aish, — L+ i) digd }

Ee Qi [(rfn —riha) af s + (riia — rin) afst + (U 7)) gl ) (88)

After comparing the conjectured solution with expression , we find the following first order

conditions for the shadow values 7;, v and v?:

vi = B[ (rf — )], (89)
v = E {Qt-i-l (Tfﬂ -l —pfi{ﬂdef (1+ Tfﬂ))} ) (90)
mo= B[ (+r80)], (91)

where we substituted 7%, = (1 — ptdj_{ﬁdef> (1+7%,,) — 1, which is the expected, default-inclusive

return on government bonds.

C.4 Aggregation of financial variables

Aggregating the asset side of intermediaries’ balance sheet gives:
pe=ay'st + a7y, (92)

where p; denotes the aggregate quantity of assets that are on the balance sheets of the financial

intermediaries. Aggregating the liabilities side of intermediaries’ balance sheet gives:

pe =ng + dy, (93)
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Since ¢; does not depend on bank-specific variables, we can straightforward aggregate the leverage
constraint (25| across financial intermediaries:

)\b
qr s + /\*ZQ?S? = ¢ene, (94)
t

where n; denotes aggregate intermediary net worth.
The aggregate law of motion for net worth of existing financial intermediaries that are allowed

to continue operating n. ; is given by:

New = O[(L+7F) g si+ (1 +r) g qsty — (1+7d) dii]
c+(0-pq
— o rtyadast ot 00 (EOEAE g - e

where 6 is the exogenous probability that a financial intermediary is allowed to continue operating.
A newly started financial intermediary j obtains an amount of new net worth which is equal to
(ﬁ) Djt—1- In addition, we assume that each household uses its default proceeds to recapitalize
their existing financial intermediaries. The households with an exiting banker do not use the pro-
ceeds to provide net worth to the newly starting banker, but only provide the amount (ﬁ) Djt—1-

Even though the proceeds are randomly distributed among households, in the aggregate an amount

of 0 (ﬁt-”ﬂc-*'ﬁt(l—P)fIf

Tt

) s, will be added to aggregate net worth. Total new aggregate net worth

therefore becomes:

Te+ (1 — b
ng = 6 [(1 + rf) sk (=) <(7rtp>qt> st — (1+ 7"21) dtl}
$xe + 9 (1 — b
(o)
Tt

Ze+(1=p)gP
= 0 [(1 +rE) afastog + ((p)qt> sp— (L+7f) dt—1:| + Xpt—1

Uy

=40 [(1 + rf) aishoq + (14 Tf) @St — (14 rf) dt—l} + xpe—1 + nf.

As mentioned before, the proceeds from a sovereign default are randomly distributed to the

households. Importantly, we assume that these proceeds are used by the household to recapitalize
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their respective financial intermediary@ Financial intermediaries, however, do not anticipate this
recapitalization, as the households who perform the recap, receive a random payment. However,
on an aggregate level, the financial intermediaries do not suffer ex post losses from the sovereign
default because of the recap. Hence we can replace the default inclusive bond return r%* by the
default exclusive bond return r? from equation . Note that this is only possible for the aggregate

law of motion but not for the individual intermediaries’ first order conditions!

C.5 Production side
C.5.1 Domestic Intermediate Goods Producers

There exists a continuum of domestic intermediate goods producers i € [0,1]. At the eend of period
t—1, they issue securities Sf’ +_1 at a price q¥ | to financial intermediaries. They use the proceeds to
acquire k; ;1 units of physical capital at price q¥ . Hence in equilibrium the number of securities
Sf,t—1 will be equal to the number of units of physical capital k; ;1. Physical capital will be used for
production in period ¢. In return for buying these securities, intermediate goods producers pledge
future after-wage profits to the owners of these securities, in this case financial intermediaries.
There are no financial frictions between intermediaries and intermediate goods producers, and
hence intermediaries can costlessly monitor these loans. Therefore the promise by intermediate
goods producers to pledge future after-wage profits is credible, and assures intermediaries of next
period’s after-wage profits made by intermediate goods producers. As these profits will vary with the
business cycle, the claims of intermediaries on intermediate goods producers are therefore effectively
state-contingent debt, see also |Gertler and Kiyotaki| (2010).

Intermediate goods producers employ the following production technology:
yie = ar(Eekii1) i,

where a; denotes total factor productivity, and &; capital quality (Gertler and Kiyotaki, 2010

32We do so because otherwise a sovereign default would introduce a kink in intermediaries’ net worth, which would
force us to solve the model nonlinearily. Because we estimate the model with Bayesian techniques, we need to solve
the model with first order perturbation approximation, which would not be possible in the presence of nonlinearities.

78



Gertler and Karadi, [2011)). Both a; and &; follow a log-normal AR(1) process:

log (z:) = pglog(zi—1) + €t

where z € {a,£}. Innovations e, ; follow a normal distribution: e,; ~ N(0,02). After the shocks
arrive at the beginning of period ¢, intermediate goods producers hire labor h; ; from labor agencies
at a wage rate wy, and starts producing using physical capital and labor. However, one unit of
capital k; ;1 acquired in period ¢ — 1 is equivalent to &:k;+—1 units of ‘effective’ capital in period
t as a result of the capital quality shock (Gertler and Kiyotakil 2010; |Gertler and Karadil, |2011]).
After production in period ¢, output is sold at relative price m; (which is expressed in terms of the
domestic consumption price index) to retail firms, and sell the effective (depreciated) capital stock
(1—06)&k; 1—1 to capital producers at a price qF. After wages have been paid, the remaining profits
are paid out to financial intermediaries who make an effective return rf on their securities holdings

qfflsf’t_l. After-wage profits are given by:
iy = meay (§ki—1)” h};a + g7 (1 — 6)&kie—1 — wehiy. (95)

Intermediate goods producers maximize after-wage profits while taking prices m¢, wy and ¢~ as
given. Hiring in a perfectly competitive labor market implies that the wage rate will equal the

marginal product of labor.
wy = (1 — O‘)mtyi,t/hi,t
Substitution of this first order condition in results in the following after-wage profits:
0y = amga (Eki—1)" h};a + Qf(l —0)&iki—1. (96)

)

We can find the ex-post return on capital by setting equal to Tf‘lfﬁki,tqv as all after-wage

79



profits are paid out to intermediate goods producers, and obtain the following expression for rf:

« a—1 11—«
1+ rf _ amyai&s (kit—1) hi,t + qf(l —6)&: _ Olmtyi,t/ki,t—; + Qf(l —6)&;
] ]

We obtain the factor demands by rearranging the first order condition for labor and the expression

for the ex-post return on capital:

kig—1 = amt@/i,t/ [(1571(1 + Tf) - Qf(l - 5)&]
hiy = (1 —a)muy;s/w:

Substitution of the factor demands into the production technology allows us to solve for the relative

intermediate output price m;:
mi = (1) et (wl T [, (14 rh) - af (1 - 0)a]"). (97)

C.5.2 Capital Producers

After intermediate goods producers have produced, they sell their remaining ‘effective’ capital stock
(1 — 8)&iki4—1 to capital producers at a price ¢F. In addition, capital producers purchase i; goods
at a price pi = P}/P; for investment in new capital, which is a composite of domestic goods i/ and

foreign goods z{ via a standard constant elasticity of substitution function:

n;—1 1 nizl | mi=1
o= awﬁ4ﬁ>wmw(#)m] , (9

where 1 — v; is the degree of steady state home bias, and 7); the elasticity of substitution between
domestic and foreign goods. The problem of capital producers is to choose between domestic and

foreign goods with the aim of minimizing expenditures on domestic and foreign goods for a given
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level of composite investment i;:

min PP + Plif,

{aral}

subject to equation , where P/ and Ptf denote the nominal price of domestic and foreign goods,

respectively. The resulting first order conditions are standard, and given by:

Ph —Mi
it it =(1—wv) <Z> i, (99)
122
—Mi
Pf
i i = | it (100)
M

where p¢ denotes the Lagrangian multiplier on the constraint . We can find an expression for

i by substituting the first order conditions - (1100) into the constraint , and solving for yi:

1
T—mn;

= = (o) (1) T (101)

Hence we know from the New Keynesian literature that pi must be the price of the composite
investment good i;, which we will therefore call P} = yi.

After having acquired domestic and foreign goods, old capital and newly acquired investment
goods are then converted into new capital, and sold to intermediate goods producers at price
qF. However, capital producers face convex adjustment costs when converting investment goods
whenever the growth rate i;/i;—; deviates from the long-run balanced growth path A,. Hence one
unit of investment goods translates into less than one unit of new capital unless i, = A, i;_1. The

new capital stock is therefore given by:
. , 1 .
ke = (1=0)&ki—1+ ¢ [1 =V ()i, V(u)= 5 (e = Ao)?, w=igfie—1, (102)

where ¢} denotes an investment-adjustment shock, and A, is the long-run growth rate of output

and investment along a balanced growth path.
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Capital producers are profit-maximizers, and pay out their profits to households, who are the

ultimate owners of capital producers. Profits II{ in period ¢ are given by:

Iy = kat - Qf(l - 5)§tkt—1 — pyit = (Jf@ [1 -v <z t1>] 1t — Pelt-
t—

The capital producers’ optimization problem is then given by:

it71+s

= SAU 7 { S . i .
{_m%}o{o E, ( E BEAY 14 {Qf+sgt+s {1 -V <t+ )} Ttts —pt+slt+s}>
Lt+sfs=0 s=0

The first order condition is found by differentiation with respect to investment:

. . . . 2 .
. . 7 ) A ; L¢41 Tt4+1
pi=a¢ [1—\11(.t )} -G ( >+Et BAY 10F 1 G (t.* ) v’ (t.* )1
1t—1 1t—1 -1 1t it

which can be rewritten to find the price of capital:

pi 1 ) 2
t t
= =11=5m% ._Az>
ar [ 2" (%1

G- ()G

-1 t—

o (i [

t+1 [ U1 t4+1 ;

BAL 11—, ( ) Vi ( —Az> Cra | -
q¢ 123 123

(103)

C.5.3 Domestic Final Good Producers

Domestic final goods producers purchase from all domestic retail goods producers, of which there is
a continuum of measure one, indexed by j € [0, 1]. Domestic final goods firms produce the domestic

final good employing the following constant elasticity of substitution production technology:

N L
gl = [ | ) g , (104)
0

where yﬁt denotes the number of units purchased from domestic retail firm j, and where € denotes
the elasticity of substitution between the different domestic retail goods. Domestic final goods
producers operate in an environment of perfect competition. Therefore, they take the price level

of domestic final goods P* and the price Pj’ft of domestic retail goods producer j as given, as well
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as the aggregate demand g for final goods. Domestic final goods producers choose the number of

units yZ ; acquired from domestic retail firms to maximize profits:

1
h, h h , h :
max Py, */ Pj,tyj,tdj'
yth 0

Differentiation with respect to y; ¢ results in the following demand function:

pr\ "
Jhm () " (103

The price level of the domestic final good can be found by substitution of (105]) into the production

technology of the domestic final goods producers (104)):

i3 1 —eP
(P = /0 (P14 (106)

C.5.4 Domestic Retail Firms

Domestic retail firm j acquires intermediate goods y;t at a nominal price P;”, and converts these
one-for-one into retail good j: yg-tt = y;t It then sells these retail goods to domestic final goods
producers at a nominal price P;,Lr Therefore, nominal profits of domestic retail firm j in period ¢
are given by (P;ft — Ptm) yft Each domestic retail firm produces a unique retail good. Therefore,
domestic retail firms operate in a market of perfect monopolistic competition, in which they set the
price P;ft at which they sell domestic retail good j. As domestic retail firm j is a monopolist, it
takes the demand for retail good j, equation , into account when setting the price. The goal
of domestic retail firms is to maximize the expected sum of current and expected discounted future
profits. However, domestic retail firms are subject to [Calvo (1983)) pricing frictions. As a result,
each period only a fraction 1 — 1, of domestic retail firms is allowed to change the price at which
they sell to domestic final goods producers, while a fraction 1, can only multiply its price from

previous periods by a factor adi - Thig probability is i.i.d. in the cross-section and across time.
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Therefore, the optimization problem of domestic retail firm j is described by:

Z BSA?t—&-sws

s=0

max FE,

] t

)

h s h,adj m

P Il mf” — P b

t+s
Pt+s I

where y;”t is subject to the demand function for retail good j (L05]), P; the general domestic
consumer price index, and B°Af;, the stochastic discount factor of unconstrained households,
who are the ultimate owners of domestic retail firms. Substitution of the demand function (105))

gives the following maximization problem:

—€ .\ —eP
S Pl Ty i Pl Ty i
max E; ZﬁsAt t+s¢8 p?«ks <W yth+s — Myits % yéerS
P gt s=0 t+s t+s
where pl' = Pl'/P, and m; = P/™/P,. Sine the only firm-specific variable is the price P}fw all
domestic retail firms that are able to change prices, will choose the same price in equilibrium,
which we denote by P/, Now we take the derivative with respect to ijft to find the following

first order condition:

0o Ph,new H 71_h adj \ 1~ e’ 1

t k=1 "t+k h

(" —1)Ey Z BeAL t+5wppt+é ph honew Jt+s
s=0 t+s Pt

h,new s h ,adj €’
P [T 1
_ P s t k=1Tt+k h
= &L ZB At t+8w Mis Ph h,new Yits| »
s=0 t+s Pt

which we can rewrite as:

—eP
S

Phnew 1—e Ph o 1—€P
( - 1) ( Ph ) Et Z/B At t+5wppt+s <Ph H ﬂ-tia;g]> yf—i—s

s=0 tts p=1

P

Ph,new —e? 0o Ph had —¢

t j h

= P Pth E; Z ﬁ t t+sw Miys Ph H 7rt+(’;€] Y
s=0

t+s p—1

Defining the relative price of retail firms that are allowed to reset prices as """ = P/"¢" /ph.

and gross inflation of domestic final goods as ml* = P/*/P]" |, we can rewrite the above first order
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condition:

Ey

EP
h
oo SAU s s Ttk h
ZSZO B At,t+s¢pmt+s Hk:l <ﬂhidj> yt+s‘|
t

h,new
h,new __ Pt _ e’
e - P \er—1 ’

Ey

eP—1
h
[e%e) h s Ttk h
Yoo BN V5D s | P <7rh_;_nkd7‘> ytil»s‘|
e

which we can rewrite in the following way:

h,new €eP El t
’ = : 107
Tt <6p—1) E2,t’ ( )
h €
— T _
i = Ay + B | By htz,lij 141 s (108)
Tl
eP—1
= h, h 77?+1 —
Eor = Ny +Ei | By hroad; Z2,t41 | - (109)
Tei1

Next, we write out the expression for the price level of domestic final goods ((106)):

1_¢P ne 1—¢€P N 1—€P , . N 1—€P
(P = (1= ,) (Pth’ ““’) o, (1 — ) (Pth_”}eww?’“dj) 2 (1 - 1y) (Pt’ﬁg"wwt";“ld’wf’“dj) Yo
(110)
N 1—€P
Iterating thsi expression one period backward, and multiplying by 1, (ﬂ? adj ) gives the follow-

ing expression:

1—€P

1—€P P . . N 1—€P
h,adj 1—e h,new _h,ad, h,new _h,adj _h,ad
Up (Wt j) (Pthfl) =1, (1 _Q/Jp) (Ptfl Ty j) +¢;2; (1 _wp) (Pt72 7Tt71J7Tt ]) T

We se that the above expression coincides with the right hand side of equation of (110) starting
from the second term. Therefore, we can rewrite equation (110)) in the following way:

1—e

(B~ = (1) (Pth’"ew) T+ Vp (ﬂf’“dj)l_ep (P (111)
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Division of the left and right hand side by (Pth)l_Ep gives the following final expression:

h,new 1=e” 777? o
1=(1-1p) (Wt’ ) + p i : (112)
t
AN
Next, we calculate the dispersion D' = fo (Pﬂ,f) dj:
t

P

—€ . _EP . . _ep
Ph,new Ph,newﬂ_h,adj Ph,newﬂ_h,adjﬂh,ad]
Dh— (1 — t 1— t—1 T 21 _ t2 M1 ™}
r= wp>< o ) oy (1= 1) (Pth 2 (1) :
(113)

\ —€P o\ €
Iterating this expression one period back, multiplying by 1, (Wf ’adj) (Pt‘l) gives the fol-

lowing expression:

P Ph_ —e? Ph_,newﬂ_h,adj —e” Ph_,newﬂ_h;adjﬂh,adj —e?
vy () ( t 1) Diy =y (1= 1) (t N A=) (]

PP Ph PP

We see that the right hand side of the expression of the above equation coincides with the right
hand side of equation (113]) starting from the second term. Therefore, we can write equation ((113))

in the following way:

P
h,new € P
P,

Dy =(1—v,) | 55— _ + 9 ( hadj)’ép <Pth1)_6 Dl
= — T, —1>
t P Pth p\ "'t Pth t—1

which we can rewrite as:

new - 7Th ‘
D} = (1 =) (=) + 4y (Whj;dj> D, (114)
t

Finally, we assume that the price adjustment factor 77? adj depends on the previous period’s gross

inflation rate of final domestic goods 7/* ; in the following way:

Y = (e ) (115)
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C.6 Import Sector

We model the import sector in similar fashion as Burriel et al.| (2010). Specifically, the import
sector features the same staggered price-setting structure as for domestic production. That is,
retail import firms acquire foreign goods from abroad , and convert the foreign goods one-for-one
into retail import goods. Retail import firms produce a unique import retail good. Final import
firms purchase retail import goods from all different retail import firms, and compute the final
import good using a constant elasticity of substitution production function. As a result, retail
import firms operate in a monopolistically competitive market, and are able to set the price at
which they sell to final import firms. Final import firms take prices and demand for the final
import good as given, and choose how many retail import goods to acquire from each reatil import

firm.

C.6.1 Final import goods

Final import goods producers produce final import goods y{ . To do so, they acquire retail import
goods y{;’t from retail import firms at price ij, of which there is a continuum m € [0, 1] of
measure one. Final import firms convert these retail import goods into final import goods using

the following production technology:

()

ul = [/01 (yf;,t)(ef_l)/ef dm]e : (116)

Final import firms operate in a perfectly competitive market. Therefore, they take prices and
demand for final import goods y{ as given when choosing how many retail import goods yﬁw to
buy from retail import good firm m. After converting retail import goods into final import goods,
final import firms sell the final import goods y,f at a price Ptf to domestic consumers and domestic

capital goods producers. Therefore, final import firms’ optimization problem is given by:

1
wax Pyl = [Pl ol i, (117)

Ym,t
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subject to final import firms’ production technology (116)). The resulting first order condition for

the volume of retail import goods yfn’t is subsequently given by:

A
yfn,t=<;j> vl (118)
t

Substitution of the demand function ([118]) into final import firms’ production technology (116))

shows that the price level of final import goods Ptf is given by:

1/(1-¢)

pf = {/01 (P,{L’t)l_ef dm} . (119)

C.6.2 Retail import goods

Retail import firms acquire foreign goods y,{f’t from foreign production firms at price Ptf *, and
convert these one-for-one into retail import goods that are sold to final import producers, i.e.
yfnyt = y,{:t at price pf

m.t- Lherefore, the profits of retail import producer m in period ¢ is equal to

(Pﬂ;,t — Ptf *> y{mt. As retail import firms produce a unique retail import good, they are effectively
operating in an environment of monopolistic competition. Therefore, each retail import producer is
capable of setting the price PTJ;  for its retail import good, thereby taking into account the demand
function of final import producers. The goal of retail import producers is to maximize the sum
of current and expected future discounted profits. Retail import producers, however, are subject
to (Calvo| (1983)) pricing frictions. As a result, each retail import producer faces a probability ¢
that it will not be allowed to freely choose a new price Pj;t at which it is selling its retail import
goods. In that case it can index the old price at a rate 71'{ adj Therefore, retail import producer

m’s maximization problem is given by the following expression:

max F;
f

f s f.adj fx
i ﬁsAu ws Pmyt HjZl Tips — Pt+s f
tt+sf P Ym,t+s| »
s=0 t+s

m,t

subject to final import producers’ demand function (118), and where 3°A}',, ; denotes the stochastic

discount factor of unconstrained households. After substitution of the demand function (118)), we
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obtain the following maximization objective:

f f
f fadi\ 1€ f fadi\ ~€
Pm,t H;:1 7Tt+aj ! f Fx Pm,t Hj:1 7Tt+aj ! f
- Yirs ~Piys | — 57 Yits
PtJrs PtJrs

™t s=0

o0
max B S 87 (vl (

where p{ = Ptf /P, and p{ Y= Ptf */P,. Taking the first order condition with respect to P,],;t gives

the following equation:

0 Pf,new Hs 71_f,adj 1-¢f 1
, m,t i=1 T4
(6f — 1) Et ZB3A2t+sw;p{+s ( ij J > Fonew ngrS
s=0

t+s m,t

0o fnew H ] 7_(_f,adj - 1

o . fx m,t =1 "t+j f

= EfEt Z BSAZt+sw;pt+s ( P; ) Pf,new Yiys| o
s=0 t+s m,t

where P,]:L’fzew denotes the optimal price chosen by retail import producer m. We can rewrite the

above expression further as:

1—¢f

Pf,new 1—¢f ) Pf s
P , ~ adj
(Ef - 1) ( 7:;f ) E, E ﬂéAZtJrs?/f;p{Jrs P; WZ.;‘J ytf+s
t 5=0 t+s j=1

—€

Pf,new —€ %) Pf s

)t ,adj

= ¢ (r;f ) E, ZﬁsAthrsT/’;P{is P; 7th+aj] y{—i—s )
i 5=0 t+s j=1

which can be rewritten as:

f
* 7"f i ‘
Et Zfio BSAzt+sw;p{+s Hj:l ( S > y{+s]

Toadj
Titj

Trf',new — Pr{lﬁew _ ef
t - Ptf Ef 1 ’

Ey

ef—1
oo SAU s f S ﬂ'{+j f
>0 B t,t+s¢fpt+s Hj:l Yits

Tradj
Titi
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where 7r P / Ptf 1 denotes the gross inflation rate of the price of final import producers. Finally,

we can rewrite the above expression in the following way:

fynew ef E{t
’ = 777 120
T (ef — 1> Egt ( )

F N\

=7 AT M1 —f

—1,t Atpt yt +Et B¢f ( fadj> =1,t4+1] > (121)
t+1
f ef—1

= t+1 -

=1, = MNoplyl + E |8y < fadj> S (122)
t+1

Next, we are able to rewrite the expression for the price level of final import goods (119)):

et

1—ef 1_ef
,new ;new _f,ad ,new _f,ad ,ad;
(Ptf) =1 —vy) (P,fl,t ) 5 (1= 1by) (Pf il J) +¢]% (1—y) (Pf cwnfoadipf J)
(123)
e
Shifting this equation one period back, and multiplying the left and right hand side by 9 ( fradj )

gives the following expression:

1—ef 1—ef —ef
,adj ,new _f,ad ,new ,ad, ,ad,
(o (Wtf J) (Ptjil) = (1 —y) (sz t—1 f j) _’_w? (1—4vy) (Pf t— 27rtf 1]7rtf J) +oo

We immediately see that the above expression coincides with the remaining terms on the right hand

side of equation (123)) after the first term. Therefore, we can write equation ((123)) in the following

(Ptf)l* =(1—vp) (P, f”ew)lfefwf (ﬁtf’adj)”f (ptf_l)lfef.

_
Division on the left and right hand side by (Pf ) gives the following equation:

way:

fo1

1—ef ! T
L= (=) (7)) oy < ?ad]> . (124)
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Next, we calculate the dispersion D fo ( P s > dm:

et e
PL PR Phl "
D = <1—wf)< ~ ) by (1) ( +3 (1= 9y)

t P, tf P, tf
(125)
—ef pf —ef
Iterating this expression one period back, multiplying by ¢ ( f adj) <;3f1> gives the fol-
t

lowing expression:

Pf,new f,adj

Pf,new f,adj fad]

f
o= [ pf €
by (”g’adj> (;) DIy =1y (1= y) (mtplft> +F (1 —1y) < i QNPfl
t i ;

We see that the right hand side of the expression of the above equation coincides with the right
hand side of equation (125 starting from the second term. Therefore, we can write equation (|125|)

in the following way:
et f

' Pf"?ew ‘ f.adj - Ptf 1 - f
D] 1—) _mt + (W ,a J) =1 Dl_.,
( f) Ptf F\™" Ptf t—1

which we can rewrite as:

f

o f\°©
'D{ — (1 _ 'l/)f) < fs new) +1/}f < ?adj) Dt{—lv (126)

Finally, we assume indexation 7r[ adj depends on previous period inflation of final import goods

71'{_1 in the following way:

. Yf
mhed — (7th 1) . (127)

C.7 Export Sector

We model the export sector in similar fashion as Burriel et al.| (2010)). Specifically, the export sector
features the same staggered price-setting structure as for domestic production. That is, retail export

firms acquire domestically produced goods, and convert these one-for-one into retail export goods.
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Retail export firms produce a unique export retail good. Final export firms purchase retail export
goods from all retail export firms, and produce the final export good using a constant elasticity
of substitution production function. As a result, retail export firms operate in a monopolistically
competitive market. Therefore, they are able to set the price at which they sell their respective
retail export good, while taking the demand for their good into account while setting the price.
Final export firms operate in a perfectly competitive market, and therefore take all prices, as well
as the aggregate demand for final export goods as given when determining how much to buy from

each retail export firm.

C.7.1 Final export goods

Final export goods producers producer final export goods y7. To do so, they acquire retail export

goods from yg', from retail export firms at price P’

1, of which there exists a continuum ¢ € [0, 1]

of measure one. Retail export goods are converted into final export goods using the following

production technology:
€/(e*=1)

1
(e"=1)/€"

yi = U (vge) ™ " da : (128)

0
Final export firms operate in a perfectly competitive market. Therefore, they take prices and
demand for final export goods y; as given when choosing how many retail export goods yg ; to buy
from retail import good firm ¢. After converting retail export goods into final export goods, final
export firms sell the final export goods yf at a price P to foreign agents. Therefore, final export

firms’ optimization problem is given by:

1
max Pyy — / P7yq +dg, (129)
0

Yq,t

subject to final export firms’ production technology (128)). The resulting first order condition for

the volume of retail import goods yy , is subsequently given by:

v, = <P> i, (130)
3 Pt
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Substitution of the demand function (130) into final export firms’ production technology (128))

shows that the price level of final export goods P} is given by:

1 PR T G
Pr = [/ (P7)) dq} : (131)
0

C.7.2 Retail export goods

Retail export firms acquire final domestic goods x4, from domestic production firms at price P},
and convert these one-for-one into retail export goods that are sold to final export producers, i.e.
Ygir = Tqe at price P, Therefore, the profits of retail export producer ¢ in period ¢ is equal to
(P;:t — Pth) Yg¢- As retail export firms produce a unique retail export good, they are effectively
operating in an environment of monopolistic competition. Therefore, each retail export producer is
capable of setting the price P, for its retail export good, thereby taking into account the demand
function of final export producers. The goal of retail export producers is to maximize the sum
of current and expected future discounted profits. Retail export producers, however, are subject
to [Calvo| (1983)) pricing frictions. As a result, each retail export producer faces a probability 1,
that it will not be allowed to freely choose a new price P, at which it is selling its retail export

x,adj

goods. In that case it can index the old price at a rate 7, . Therefore, retail export producer ¢’s

maximization problem is given by the following expression:

T s x,adj h
<Pq,t [T=y _Pt+s> x 1
Y

Yq.t
Pt+s q,t+s

max F;
P,

0
D BN
s=0

subject to final export producers’ demand function ([130)), and where 8°Ay, | ; denotes the stochastic
discount factor of unconstrained households. After substitution of the demand function (130, we

obtain the following maximization objective:

i\ 1—€ i\ —€
(oS T s z,adj T s z,adj
E ﬁSAu ws x qut Hj:1 Tty z . h P%t Hj:1 Ti+j x
%?X t tit+sPz | Pt+s Yi+s — Dits — Yt+s
.t t+s t+s

PF PF
s=0
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where pf =

following equation:

(" =1)E; Z BN 4 s abiys

s=

Z ﬁsA?t-‘,-sz/prt-l—s

s=0

0

(P

ZT,new
q,t

q,t

T, new

P?/P; and pl = P/'/P;. Taking the first order condition with respect to Py, gives the

(P

s z,adj —e”
HJ 1T 1 .
x xT,new Jt+s
P7 g Pq,t
z,adj
t+j

T
Pt+s

—e®
1 T
Pw,new yt-i—s )
q,t

where P,/ denotes the optimal price chosen by retail import producer m. We can rewrite the

above expression further as:

1_e®
prinew 1—€” pr * ¢
z q,t s, T t x,adj T
(e —1) (P”” ) Ey E BN 11 saPEy s p Hﬂ-t+j Yits
t =0 t+s 1
prnew —€” —e
_ x q,t x,adj T
€ ( Pw ) Et Z ﬁ At t-‘rs’l/)xpt-i-s H 7Tt+j yt-i—s 9
t =0 P, j
which can be rewritten as:
=
s h s L T
.new Ey Z —oP° A t+sWPzDits Hj:l Wx,afij Yits
T,new __ Pq,7t € t+j
P \e—1 - f . - er—1 ’
u 5 t+j x
By |3 oo BoAL 1 V3Pl Hj:l 7”fia'éj Yits
J

where 77 = P /PP | denotes the gross inflation rate of the price of final export producers. Finally,

we can rewrite the above expression in the following way:

EIL’
et —1

T,new

A

A

u, h, x

t Pt Yt

U T, T

t Pt Yt

E

T
=1

s )

+ By

+ by

=50t

e
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.

(132)

et (133)

z,adj
t+1

xT
Tit1
x,adj
Tet1

(134)
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Next, we are able to rewrite the expression for the price level of final export goods (131)):

(B = (1) (Bre)

€’ z,new _x,adj 1—e” 2 z,new _x,adj _x,adj 1—e”
+bu (1 — 1) (Pq,tq Ty ) +y (1 —92) (Pq,t72 Tyl Tt )
(135)
N 1—€®
Shifting this equation one period back, and multiplying the left and right hand side by 1., (wf adj )

gives the following expression:

x,adj e z 1—e® z,new _x,adj 1=e 2 r,new _x,adj _x,adj 1-e
Yy (7Tt ) (Pt—l) =, (1 —1y,) (Pq7t_1 T ) +7 (1 — vy) (Pq,t—Z Y ) 4o

We immediately see that the above expression coincides with the remaining terms on the right hand
side of equation ([135)) after the first term. Therefore, we can write equation (135)) in the following
way:

= _e® o adi 1—€® _e®
(Ptgc)liE =(1—1) (Pf,’t"ew)l + Yy (7Tt7 dj) (Ptail)l .

Division on the left and right hand side by (Pf)l_ez gives the following equation:

e’ —1
z,newy1l—e” T
L= (1=, (7)™ 44, (ﬂx;dj> : (136)
t

z \ —€°
Finally, we calculate the dispersion Df = fol (iﬁ’f) dg:
t

pr.new —€” Pw,newﬂ_f,adj —€” Pw,nesuﬂx,aldjﬁtw,adj —€”
Df = (1 - ) (‘”m> e (L=t [ 25— 2 (- |2
t Pt Pt Pt
(139)

x

.\ —€ x
Iterating this expression one period back, multiplying by 1, (Wf adj ) (P“l

Py

)7 gives the fol-

lowing expression:

\ - /P —€” Px,n_ewﬂ_x,adj —e” Px,'rzewﬂ_aﬁadjﬂx,adj —e”
Vo (ﬁc,adj) < t 1) DF | =1, (1—1h,) (’Ltlt _|_w§ (1—1y) q,t—2 ;xl A T
t

PF Pr

We see that the right hand side of the expression of the above equation coincides with the right

hand side of equation ([137)) starting from the second term. Therefore, we can write equation (|137))
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in the following way:

z
T, new

P - N (PR
o1 =0 () () ()
t Pt t Pt t—1

which we can rewrite as:

T
T

Dtm _ (1 _ wm) (ﬂ_;p,new)*e —+ wx (ﬂ_Z,adj> Df—lv (138)
t

Finally, we assume indexation 7y adj depends on previous period inflation of final export goods 7f_;
in the following way:

Y = (re ) (139)

C.8 Labor Market
C.8.1 Labor Agencies

Following |Erceg et al. (2000), labor agencies operate in a perfectly competitive market in which
they acquire different labor types h;; from a continuum of labor unions ¢ € [0,1] to produce final
homogenous labor h;. Final labor is a constant elasticity of substitution function of labor offered

by labor unions:

L e (e
hy = { / hi Ve dz} (140)

0

Labor agencies sell final labor h; to intermediate goods producers at an aggregate nominal wage
rate W;. Because labor agencies operates in an envrionment of perfect competition, they take
the nominal aggregate wage W;, and the nominal wage rate W;, of labor union %, as well as the
aggregate labor demand h; as given. They maximize profits by adjusting their demand for labor

hi+ of type i, subject to the labor technology (140)):

1
max Wtht - / Wi,thi,tdi~ (141)
{hi} 0
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The maximization problem of labor agencies results in the following first order condition for the

Wi\
hit = | == hy. 142
t ( W, ) ¢ (142)

demand for labor of type i:

Substitution of the labor demand curve (142)) into the labor technology (140) provides us with the
aggregate wage-index W;:
1
Wi = / W < di. (143)
0

C.8.2 Labor Unions

Each labor union ¢ represents a unique, differentiated labor of type h; ;. Therefore, labor union 7 is
a monopolist when it comes to offering labor of type i to labor agencies.

The labor union that represents labor of type i is the sole union for that type of labor, as a result
of which it has the power to set the nominal wage rate W;; for labor of type i. However, labor
unions operate in a competitive monopolistic market, as the representative labor agency has the
possibility to shift (part of) its labor demand to other labor unions, see equation ([140]). Therefore,
labor union % takes the demand schedule into account when setting the wage rate W ;, after
which households of type ¢ provide as much labor as demanded by the labor agency.

When setting the nominal wage rate W;, labor union ¢ takes into account that there is an
exogenous probability of i, that it is not allowed to choose the nominal wage rate next period,
while it is allowed to change with probability 1 — 1, (Calvo, (1983 [Erceg et al., [2000). In case
labor union ¢ cannot choose its desired wage rate, it is allowed to partially index the wage rate
by multiplying it with the wage adjustment w;’ % Constrained and unconstrained households are
uniformly distributed across worker types. Labor unions allocate labor demand uniformly between
members from constrained and unconstrained households. Therefore, workers from constrained and
workers from unconstrained households that belong to the same union will provide the same amount
of labor in equilibrium (Gali et al., [2007), i.e. hi = hiy = h;t. In setting the nominal wage rate

W; + (when labor union ¢ is allowed to choose the wage rate), labor union ¢ weighs off the effects on

total wage income, and the anticipated effect on the disutility from providing labor. This results in
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the following optimization problem for labor union ¢ in setting the optimal nominal wage rate Wi,t:

o0 Wi (55wi) e
max E w s )\ s hz s = Lits )
{Wi.} ' ;0 (Fiow)™ | Aes Piys A
where Ay is given by (Gali et al.l 2007)):
Atrs = Ve + (1= 1) MY, (144)

where A refers to the shadow value of constrained households’ budget constraint (65), and A}

to the shadow value of unconstrained households’ budget constraint . This weighted average

WI t(HJ =s, adj

shadow value is used by labor union ¢ to discount the future real wage income ) Pitts-

Pt+s
As labor union ¢ is the monopolistic representative of households of labor type i, it takes the labor
demand schedule (142) into account when setting the new nominal wage rate W; ;. Therefore, we
substitute equation (142)) into the labor union’s optimization problem, which results in the following

reformulation of the labor union’s optimization problem:

fe'e) W 1—e® W —€ (1+<p) h1+<p
max E; ﬁw s )\tJr Wyt %,t H]-iso.)adj ht+ B it Hj»iswadj Tts
(Wi} ;0 w) ST\ Wy ITEE s Wips =1t 1+o¢

where w; = W,/P, denotes the real wage rate. Differentiation with respect to Wi’t gives the

following first order condition:

00 - 1761“
Wit di 1
w A s s HJ 1 aj ~7h s
;:0 (BYw)” Aegswiy <Wt+ j=1Wetj L

it
. . (1) o
Wi d 1 hy
— 1 w ) H] =s .aaj _ +s
+¢) E SZ:;) Beow) <Wt j=1% t+g> Wi l+o
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This can be rewritten in the following way:

oo W, . 4 1—ev
Z (BYw) )\t+swt+s< L= dj) ht+51
s=0

Wt+ j=1%t4j
~ —e” (149
W,
= (1+9) (ij>

t+s
14+¢

)—ew(lﬂﬂ) pite

S W
Z wa ( Wigs J=1%t4j
=0

Which we can rewrite in the following way:

~ 14€¥
Wi,t ¢ o Ew
Wt -X ew —1

where wit; = Wiy;/Wi_14; is the rate of gross nominal wage inflation from period ¢ — 1 + j to

Ey

_ v e’ (1+¢p) .
Zs 0 (5’@[]71)) ‘;S (::rdyj) hti;p

t+

)

Ey

ew—1
Z:io (ﬁd}w)s )\t+swt+sH;ii (:Zﬁf) ht+s]

t+

period ¢ + j, which is related to the real wage rate w; = W;/P; in the following way:

Wt Wi
= = . 145
wt W1 (wtl) m ( )

Observe that except Wi’t there is no labor union specific variable in the first order condition for

labor union 4. Therefore, all labor unions will choose the same wage nominal rate in equilibrium.
As a result, we can drop the subscript 4, and refer to the newly chosen wage rate as W,. Now, we

define wi*" = W, /W,, and rewrite the above equation in the following way:

€ =T
P = o 146
Wy X(Ew—1> Eiglit, ( )
€’ (1+p)
—w 1 Wi41 —w
=, = WYY 4B | B ( ad]) IS I (147)
t+1
ev—1
—w w —=w
2y, = Nwhi+ By B | o EY ] s (148)
Wit
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Now we look at the aggregate wage rate ((143)) in the economy:

w

~ o\ 1—€v - N 1—€e¥ . . N 1—€e®
W = (=) (W) o (1= ) (Wamawf®) 02 (1= ) (Wiawier®) o
(149)
N 1—€e®
Iterating one period back, and multiplying the left and right hand side by ,, <wf 4 ) gives the

following expression:

w ! w

adj 1—e 1—ev _ I adj 1—e® 2 T adj = adj I—e
ww wt Wt—l = ¢w (1 — ww) Wt_lwt + ww (1 — ¢w) Wt_gwt_lwt +.....

We see that the right hand side of the above expression is equal to the right hand side of equation

(149)) starting from the second term. Therefore, we can rewrite equation (149)) in the following way:

1—e®

W = (1= ) (W) +w(ﬁﬂwa;“ (150)

Division of the left and right hand side by th_ew gives our final expression for the law of moton

for the aggregate wage rate:

ev—1
L= (1= th) @) + ¢y ( LZZ]> : (151)
Wy

€
Next, we introduce the wage-dispersion parameter D}’ = fol (VI[//‘};) di:

i - 1 adj - T adj = adj —e"
weu—w%m> +mu_%%m$fv +ﬁﬂ—%%m#%wt>
(152)

Iterating one period back, and multiplying the left and right hand side by ), (WV;’,T wy 4 ) - gives

the following expression:

W1 adj - Wt—lwfdj B 2 Wt—waiUlwfdj -
w T Dw_ - w 1 - w - s 1 - w - | @ TTeeee.
(0 < W, Wy 1= Vw ( ) W, +1g, ( Yw) W, +
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Hence we see that the right hand side of the above expression is equal to the right hand side of
equation (152) starting from the second term. Therefore, we can rewrite equation ((152)) in the

following way:

w W R Wis adj - w
Dy = (1 —vy) (Wi) + Y ( V;/t wﬂ) Dy 4, (153)
which we can rewrite as:
DY = (1— ) (@)™ + by (j) D, (154)
t

Finally, the wage indexation wy’ 4 depends on previous period nominal wage inflation w;_; in the

following way:

Wi = (155)

C.8.3 Aggregation

We start by remembering that y;t = y}ft = yh (P;ft / Pth)fep, for all j. Therefore, factor demands

by intermediate firm ¢ can be rewritten as:

hig = (1= a)meyy Jwe,  kigo1 = ameyl,/ [qf ((L+rf) — g (1 — 6)&]

Aggregate labor and capital are found by aggregating over all intermediate goods producing firms

1
he = (1 — Q)my! Dy fwe, ko1 = amuy DY/ (i (1+ 1)) — g/ (1 — 6)&]

where D = fol (P;ft /Pth)fﬁp dj denotes price dispersion (114]). Computation of the aggregate

capital-labor ratio reveals that it equals the individual capital-labor ratio:

kt—l/ht = 0((1 — Oé)ilwt/ [qf_l(l + 7‘?) — qf(l — 5)6,5] = ki,t—l/hi,t- (156)
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Therefore, we see that the aggregate capital-labor ratio k;—1/h; is exactly equal to intermediate
firm #’s capital labor ratio k; 1—1/h;¢. Next, we remember from Appendix that the return on

corporate loans and the wage rate are given by:

a—1 —a
Lgrk — amyards (kip—1)"" hiy ™+ qf (1 —0)&
t i ’

(1 - a) mia (ftki,t—l)a h;?

Wt

Given that intermediate gods producers choose the same capital-labor ratio, we can immediately

write:

amya &y (k1) hi ™ + qF (1 - 0)&

14+rF = - , (157)
a4y
Wt = (1 — Oé) meag (gtktfl)a h;a. (158)
Next, aggregation of y; ; = a; (§tki—1)” hil;“ over all firms ¢ delivers aggregate supply:
! @ 3l—a 7 ftkt—l “ ! . o 11—
Qg (ftki,t—l) hit di = ap| >—— hi,tdZ = ay (ftkt—l) I
0 ’ hy 0
while aggregation over y/', gives:
Lo I N hayh
/o Yidi = Y /o (P} /P) & =y Dy,
which results in the following relation for aggregate supply y:
YDy = ay (Eke—1)™ he' ™% (159)

Next, we aggregate the relation for the production technology of retail import producers, i.e.
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yr];*t = ZU?J; t

yl*

/ ym tdm / ymt
Prj;t - f
. dm =Dl y/, 160
/0 <Ptf > Yi t Yt ( )

where we used the demand function (118 to replace yf;)t. Total imports im; (in terms of the

consumer price index) are given by:

. f Pf*y tdm * ! * * *
my = Tm :p{ /0 Z/fn,tdm:pt ytf . (161)

Now we aggregate the relation for the production technology of retail export producers, i.e.

_ T .
Lqt = yqt‘

)

1 1
Ty = /xq,tdq:/ yf]”_’tdq
0 0

1/ pw —e”
q,t T T, T
/ ( z> yi dq = Diyy, (162)
0 Pt

where we used the demand function (130) to replace yg,. Total exports ex; (in terms of the

consumer price index) are given by:

exry = = piy;. (163)

Finally, we look at the aggregate demand for final exports from foreign countries yf, which we

asssume takes the following functional form (Burriel et al., |2010)):
f = UzS?*yfv (164)

where S; denotes the terms of trade, see below, and y; denotes output from the rest of the monetary

union.
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C.9 Domestic output, imports & net international asset position

Domestic output y/ is absorbed by domestic households for consumption ¢}, by capital producers
for investment 4?, by the government g;, and by retail export firms z;. Therefore, the aggregate

resource constraint of the domestic economy is given by:
yh =+ il + g, + . (165)

Final imported goods ytf must be equal in equilibrium to the demand for final imported goods by

domestic consumers and domestic capital producers:
yl = +il. (166)

The trade balance 77 in terms of the domestic consumer price index P; is given by the difference

between exports (163)) and imports (161]):
= ewy —imy = pfyi — plyl" (167)

The law of motion for the internationally traded assets held by domestic households (divided by
the risk-premium ;" fa and expressed in terms of the domestic consumer price index P;) is given
by sum of the trade balance 77 and gross real interest payments on previous period holdings of the

internationally traded asset (1 + r{ ) ft—1 the following equation

fi

nfa
t

=70+ (1 + 7"{) Jt—1- (168)
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C.10 Relations between prices and inflation rates

The terms of trade Sy is defined as the nominal price of imported foreign goods Ptf * over the nominal

price of domestic final export goods P;*:

— 1 tf*
= — 1
St Ptm ] ( 69)

The real exchange rate Q, is defined as the aggregate nominal foreign price level P over the
aggregate domestic consumer price index P;:

Py

QtEPta

(170)

Now we define the relative price p{ * of the imported foreign good in terms of the domestic consumer

price index:
=
e B

pt - Pt .
Because of our assumption that the domestic economy is a small country within the monetary
union, we can assume that the price of the imported foreign good is equal to the aggregate foreign

price level: P/* = Pr. This allows us to write p/* in the following way:

)
t Pt

= Q. (171)

Now we define the relative price pj of the domestic export good in terms of the domestic consumer

price index:
I Ptf* _

PP=E0m = s = o 172
! P, Ptf Py St (172)
Next, we derive the following relation for the change in the real exchange rate:
Pr/P x
Q@ _ _P/R_m (173)

Q1 PPy m
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Next, we express the inflation rates 77, 7th , 7%, and 7¢ and in the following way:

Pth
T - Pth L
p/
=
P/,
Py
7Tt = Ptx 1 =
) pti
T = .
Py
g = D 7
t = e
Py

C.11 Exogenous processes

_Pth P Pt1_<p?>7r
—t . . — .
P, P1 P!, -

b A P (o)
= — . . = t-
P Py Ptf_l p{ 1

PP P (P )ﬂ
-t = .
bk P P, Pi—1
_Pt P Pt—l_(Pi)
= —- = .
P P Ptl—l 2—1

Below, we describe the exogenous processes:

log (at)

log (&¢)

log (9:/9)
log (Af/Ar)
A

log (7 /5")
log (7} /%)
log (ef)

log (<)

log (€7 /&)

log (E;U/gw)

= polog(ai—1) + €ats
= pelog(§i-1) +ec.s,
= pglog(gi-1/9) + g5

= palog (A1 /M),

= Pe IOg (65,)_1/@1)) + Eep,ty

= pe, log (5?_1/611) + Eepit-
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(174)

(175)

(176)

(177)

(178)

(179)
(180)
(181)
(182)
(183)
(184)
(185)
(186)
(187)
(188)

(189)



While most of theabove processes are standard, observe that the elasticity of substitution between
different domestic retail goods (188)) and the elasticity of substitution between labor from different

labor unions (189) are time-varying.

C.12 Equilibrium Conditions

r u b,h kp bp ; MU ,.n n,f D
Let {c}_1, ¢t 1, 8000, fr—1,de—1, 801, 8001 15 ki1, 1, 001, Y327 i1, 70, o1, DY gy w1, Qi1
,p?_l,p{_l,pf_l,pi_l,pﬁl, al ., 77{_1, 7 4} be the endogenous state-variables, while
{26, &, G, i, 7, €6, €k, €, €} be the exogenous state-variables. A recursive competitive equilibrium

: 4 : h f r ou T o\U b,h k b k b
is a sequence of quantities and prices {cg, ¢, ¢f , ¢f, €y Aty ALy N By 8077 [y Ve V2, Mty Dty oty Mty S5 ST,

k bk b d oo f oxoi fx h hnew _hadj = = h new ,0di —w
ptadtaqtaqtartﬂﬁtﬂﬁt,wtamhQt7‘s’taptaptapt7pt7pt aﬂ-hﬂ-tvﬂ-t, aﬂ-t, a‘—‘l,ta‘—‘?,taDt7wtawt y Wi s =1t
—w w f _fx _fnew _fadi of =f [z _wnew _z.adi Dz =z x i ;. shof h rou
—2,t» 't aﬂ-t 77Tt aﬂ-t7 77rt’ 7‘—‘17ta‘—‘2,t7Dt aﬂ-t 77Tt7 77Tt, 7'—‘1,t7‘—‘2,taDt 77rtalta7/t 7Zt7kt,yt abt7gta7—ta7-t aTt 9

r.f

n .n def _f f* x : b nfa MU
’rta’rt 7rt7pt 7ytayt aytaxtaexhzmtaTt’wt ?ﬂ-t

,yMU1 and exogenous shocks

{ag, &, G0, \NE ALy €6, el el e} such that:
1. Households optimize taking prices as given: - 7 - , , - , and .
2. Financial intermediaries optimize taking prices as given: , , - , - ,

the endogenous leverage ratio , and the aggregate law of motion for net worth .

3. Capital producers optimize taking prices as given: - (100)) and (102]) - (103)).

4. Intermediate goods producers optimize taking prices as given, from which we can find the ex
post return on corporate loans (157)), the wage rate (158]), and the aggregate supply relation
(159).

5. Domestic retail goods producers that are allowed to choose prices optimize taking the input

price m; and the price of domestic final goods pf as given: (107) - (109), (227), (114), and
(T15).

6. Retail import goods producers that are allowed to choose prices optimize taking the input
price p/* and the price of final import goods p/ as given: (120) - (122), (124), (126), and
(127)
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Retail export goods producers that are allowed to choose prices optimize taking the input

price p!' and the price of the final export good p? as given: (132) - (134), (136), (138), and
(1139)

. Labor unions optimize taking aggregate labor demand and the aggregate nominal wage rate

as given: ([), (F), (010) - (1), and (), (153), (53)

. Asset markets clear: - .

The market for domestic goods clears: (31).

The market for final import goods clears: (|166)).

The relation between the demand and supply for final import goods: ([160]).
The relation between the demand and supply for final export goods: (162).

The relation between imports, exports, the foreign demand for final export goods, the trade

balance, the law of motion for the internationally traded asset, and the risk-premium on the

internationally traded asset hold: (161)), (163), (164), (167), (268), and (67).

The fiscal variables evolve according to: - 7 the level of lump sum taxes on
households of type ¢ € {r,u}, the default-exclusive return on government bonds , the

probability of default , as well as the process for governemnt spending .

The monetary variables evolve according to: the Taylor rule on the nominal interest rate on

deposits and equation (11)) with z € {7, y}.

The relation between the ex post real interest rate and the nominal interest rate on deposits

and foreign assets hold - (69).

The relation between the relative prices, the real exchange rate, and the terms of trade: (171))
- (173).
The relation between the relative prices and gross inflation rates: (174) - (178).

Exogenous processes evolve according to (L79)) - (189).

108



C.13 Introducing trend growth into the model

We introduce a trend X; into the model that grows over time by a factor uf = X;/X¢—1, similar
to [Burriel et al.| (2010) and many other papers in the literature. Specifically, we transform all
quantities g by writing them as ¢; = X;q;. We change the process for productivity a; by assuming

it can be written in the following way:
— -«
ay = G,tXt s

where a; follows a regular AR(1) process. Therefore, we effectively have labor-augmenting technol-
ogy growth (Pfeifer| |2018]). We will see below that substitution of the above transformations results
in first order conditions that feature the trend growth pf and quantities ¢;. In addition, we find
that the wage rate and the shadow value of households’ budget constraint are also transformed,
and can be written as w; = Xy, A\ = S\t/Xt, r= S\I/Xt, and \¥ = S\f/Xt. Next, we define the

process for pf (Burriel et al., 2010; [Pfeifer, [2018):
log i = Az +eats (190)

where ¢, ¢+ is normally distributed with mean zero and standard deviation o, and where A, denotes
trend growth. Now, we give the resulting, adjusted equilibrium definition, as well as the adjusted
first order conditions.

A recursive competitive equilibrium is a sequence of quantities and prices {é, &/, E{  Cry Gl AL, AL, A,

f h h,new h,adj
t

bh £k b = sk b~ J kb ok b .d hoof o i o f*
ht75t afta’/t>Vt777t>¢t,,uftant»st7St7pt;dt7Qt7Qt7Ttvrt7TtawtamtvQtvstaptaptaptaptvpt y Tty Ty 5 Ty ) T ’

= = h new adj —w  Dw w f fx* fnew f,adj ':f ':f f x xr,new x,adj =r = x i
H1,7&)‘-’2,1&729157"‘1157"% )y Wy a‘—'17t7_'27t7Dt y Mg,y Mg Ty ) Ty a'—‘l,ta*~27t,,Dt77Tta7rt ) Tt a‘—‘l,ta'—‘Q,taIDtaﬁta

S chifn o shpox o~ 2rozuoam o nf f o def Sf Sfx ospo~ 0 o L2 ~b gnfa MU MU
Ztvztﬂztaktayt7bt7gt7Tt7Tt7Tt7Ttﬂrt yTsPe "5 Y Ui aytaxtaeztalmta’rtawt y T 5 Yt }7 €x0ge-

nous shocks {ay, &, Ge, A\F, A2, G, w5, €6, €l e €w, u? }, and observation variables {y2%%, c9%%, g%, ex9®®, img®s,

wobs | pobs mobs R1-OVS RE0PS pn REV guch that the following first order conditions hold.
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C.13.1 Domestic households (constrained)

E;‘—f—’%tr == ’lZ)th,t,

ar

-1
~ » C. _ - - —1
A= G <C: -v L;) —vBE, {Ct—s-l (#f+10§,t+1 - UC;,t) ] )

t

C.13.2 Domestic households (unconstrained)

Ju ~u 5?775—1 - T ~u U
A= G- ’UHT — vBE; [QH (,utch)Hl —v
t
1 = E _5/~\Zt+1¢?fa (1 +7'§l+1)} ;
1 = B By, upe (140]
t |PAL1 Y t+1 )]

de
(1 - pt+{19def) (1 + rf+1) q?

af + oy (517 — sb0)

nfa f~t - f
L = exp |—FKnfa —
Yt

Yu
>‘t,+t
PV

1 = E |[BAY

N'U/ J—
where Ay, = -
t4+1

C.13.3 Domestic households (aggregate)

&G = i+ (1 —v)é.
~ —MNe ~
C? = (1 - Uc) (p?) Ct,
~ _/r]C ~

th = U (P{) Ct,

ne—1

& = [(1—%)#6 ()
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(191)

(192)

(193)
(194)

(195)

(196)

(197)

(198)
(199)

(200)
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C.13.4 Central Bank

ri = (1=pp)|kx (ﬂ'iMU
V= (a) T ()"
~ ~sx\1—n [ ~h\T
7k (778 R (7 I

C.13.5 Fiscal authority

@b+ 7 =

~MU
Yi

_ 7—TMU) + Ky log (ZJMU):| + pery g+ Erts

t—1

bi—1

PG+ (1 +7“f) ‘Ifqﬁ

t
r.+(1-p) qg
Tedy_y
ve7y + (1 —vp) 7

T+ G (Bt—l - z) Ju -
(

7t Gy (boy =) Jf

by 1
Fg| =—=—; .
B <4g Bmazvabvﬂb>

ét + §(>\f—l - S\k)a

)
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(203)
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(206)
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(208)
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C.13.6 Financial intermediaries

k
Vy

Tt
Vy

ol

Dt

- Y
a5 + r,iqi’Si’
t

Ht

1+rf

1+7"{£

Ey [QtJrl (Tfﬂ - ’rngl)} ) (212)
Ey [Qt+1 (Tfﬂ - 7’?+1 - pfi{ﬁdef (1 + 7‘5+1)>} ) (213)
E, [Qm (1+ r;fﬂ)} : (214)
(;g) vy, (215)
v L . (216)
0 [(rt = rf)al a5t + 0 = rhalailo 4 (L rnu] g + )
a¢ 3% + 4737, (218)
e + dy, (219)
Pun, (220)
k
ﬁ. (221)
1%?*1, (222)
nf
1%“, (223)

where Qt,t+1 = BA%HI (1 -0 + 0 (77t+1 + thg+1¢t+1))
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C.13.7 Domestic retail firms

h,new €P Elt
' = : 224
e (ep—l) Eas’ (224)
- Su, ~h W?ﬂ ep._,
Eie = Mgl +E (B | ez | S| (225)
Tit1
eP—1
= Su, h~h W?H -
Eor = MNPy +Ee | By hoadj St | - (226)
M1
eP—1
B\ 1—€” ﬂ-?
L= (1—=1p) (m") + ¥p —oadj . (227)
t
h R\ —€ ’/Tgl ‘ h
Df = (1=w) (n) "+ | g | Dic (228)
t
m = (mpg) ™ (229)
C.13.8 Export sector
x,new €* Eft
s = = (230)
t (e’” — 1> 554
=T _ Yu,h~x 71—7:&»1 =z
El: = MNP+ E|BYe | | Bl (231)
Tii1
I - e’—1
=T Yu, T ~T Ti41 —x
N e N S (232)
11
€’ —1
z\1—€” 77?
I = (1-t) (™) +¢a i : (233)
t
xT Tx\ —€” 7Tw -
Dt = (1*'(#1) (7Tt ) +wz (ﬂw’fldj) Dt—l’ (234)
t
x,adj x
e ) (235)
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C.13.9 Import sector

fradj
Ly

C.13.10 Wage setting

At—i—s

Wt

adj
Wi

=f
< Ef ) =3
— 7
ef —1 =5,
f

f €
5 - i1 =
)\?ptf*ytf + Ev | By (Wf’“dj> :{,t+1 )
t+1

fo1

f “
N - Tyt —
Neplal + By | Biy (Wffadj> =i |
t+1

ef—1
1—¢f ﬂ-f
(1—1y) (Wtf ) + 1y <7rtfidj> :

€
1 finew - ﬂ-g fo
(1 —9y) (7 + Yy —Fady 10
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C.13.11 Capital producers
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C.13.12 Intermediate goods producers

amyay (1F)' " &5 (’;’t—1>a

1
hi ™+ qf (1= 8)&

1—i—réC =

qf—1
’LTJt = (1 — a) mt&t (,U/f>_a (fti{:'tfl) h;a,
gDy = a (uf) " (&h—l) he' e

C.13.13 Domestic market clearing
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C.13.14 International trade

C.13.15 Remaining prices
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C.14 Exogenous processes
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C.14.1 Observation equations
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We start this section by discussing the data, after which we discuss the calibrated parameters and

the priors of the variables we are estimating. We conclude by reporting the posterior distributions.

D.1 Data

The frequency of our model is quarterly. We therefore construct quarterly time series from Spanish

data which proxy ten variables in our model: real output per capita, real consumption per capita,

real government spending per capita, real exports per capita, real imports per capita, real wages,

hours worked per capita, gross inflation of the consumer price index, the 3-month Spanish interest

rate, and the real return on loans to non-financial corporations.
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We obtain the national accounts data for output, consumption, government spending, exports,
and imports from Eurostat. Subsequently, we calculate the gross inflation rate of the consumer
price index by dividing nominal consumption by real consumption.

We use the publicly available database used by Burriel et al.| (2010) to obtain time series for
the size of the population above 16 years old, total nominal wage payments, total hours worked,
and a time series for the Spanish Non transferable three-month deposit rateﬁ We use the time
series for the population above 16 years to convert real output, consumption, government spending,
exports, and imports into their per capita equivalent. We divide total nominal wage payments by
total hours worked to obtain a time series for the nominal wage rate per hour worked, which we
divide by the consumer price index to obtain the real wage rate per hour worked. Next, we divide
total hours worked by the population size to obtain a time series for hours worked per capita.

Next, we obtain a time series for the nominal interest rate on loans to Spanish non-financial
corporations from the website of the Bank of Spain. This is a monthly time series, of which we take
the end of quarter value as representing the interest rate for that particular quarter@ Next, we
take the time series for the nominal interest rate on loans to non-financial corporations, and divide
by 400 to convert from annual percentages into quarterly decimals, after which we divide 1 plus
the resulting time series by the gross inflation rate of the consumer price index to obtain the gross
real interest rate on loans to non-financial corporations.

We take the log of real output per capita, real consumption per capita, real government spending
per capita, real exports per capita, real imports per capita, the real wage rate per hour worked,
and hours worked per capita. Afterwards, we take the difference between the resulting time series
and their lags to obtain the unfiltered growth rate of these variables. As there is no trend growth

for hours worked per capita in our model, we demean this time series before feeding it into the

33The database of |[Burriel et al| (2010) was downloaded in May 2018, and can be
obtained through the following link: http://www.sepg.pap.hacienda.gob.es/sitios/sepg/en-
GB/Presupuestos/Documentacion/Paginas/BasedatosmodeloREMS.aspx.  An explanation of the computation
of the time series can be found in [Bosc et al.| (2007).
34The time series was obtained through the following link: https://www.bde.es/webbde/en/estadis/infoest /temas/sb_tiif.html.
On this webpage, go to the header “Other supplementary information”, and download data from “Main economic
indicators of Spain. Interest rates (table 2.10 of the SB)”, where “SB” is an abbreviation for “Statistical Bulletin”.
Within this table, we download the time series “Credit institutions. New Business (CBE 4/2002), Loans, Synthetic
rate Non-financial corporations” as a time series for the nominal interest rate on loans to non-financial corporations.
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Bayesian estimation.

Finally, we compute a time series for the leverage ratio by downloading time series for total
assets and capital & reserves for “Other monetary financial institutions” (OMFIS)E Again, these
are monthly data, of which we use the end of quarter value as representing the value for that
particular quarter@ We get a time series for the leverage ratio by dividing total assets over capital

& reserves.

D.2 Calibration

For the calibration, we either take parameter values from the literature, or target key first order
moments, which can be found in Table b} These include steady state labor supply, terms of trade,
inflation, the investment-output ratio, the government spending-output ratio, the government debt
over output ratio, the fraction of bonds held by financial intermediaries, the coupon payment on
bonds, the average duration of outstanding Spanish government debt, the probability of default,
the “maximum” level of government debt as a percentage of output, the relative diversion rate for
government bonds over corporate loans, and the leverage ratio. We take the average over 2003Q1-
2010Q4 wherever possible.

In line with much of the macroeconomic literature, we set the subjective discount factor 8 equal
to 0.99. We set steady state consumption of constrained households equal to that of unconstrained
households by adjusting steady state lump sum taxes 7" and 7% (Gali et al.| [2007). We set steady
state labor supply equal to 1/3, which coincides with the fraction per day spent on work (8/24).
To hit this last target, we manually adjust the coeflicient ¥ in front of the term with disutility
from labor supply. We set the coefficient in front of unconstrained households’ adjustment costs
for government bonds (k;) equal to 0.015, which is close to the posterior mean of 0.009 found in

Kuhl (2018). Observe, however, that Kuhl (2018) estimate a closed economy model with the help

350OMFIs refer to credit institutions and specialised lending institutions with access to the balance sheet of the
ECB.

36The data were downloaded from the webpage https://www.bde.es/webbde/en/estadis/infoest /temas/sb_ifiescbs.html#ec,
where we went to the header “A2) Other monetary financial institutions, Balance sheets according to euro area
returns”, and then under “Breakdown of liabilities” we downloaded “Summary (table 8.3 of the SB)”, where “SB”
refers to “Statistical Bulletin”. We used the time series for “Capital and reserves” and “Total liabilities”, the last of
which coincides with total assets.
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Target Definition Value Data

h Labor supply 1/3 8 hours of work per day

S Terms of trade 1 Literature

T Domestic inflation 1.005 2% annual net inflation

T* Foreign inflation 1.005 2% annual net inflation

iy Investment ratio 0.226  2003Q1-2010Q4 average

g/y Government spending ratio 0.178  2003Q1-2010Q4 average

a@b/y Government debt ratio 3.2 Maastricht criteria

5°/b Fraction of bonds held by int. 0.25 2003Q1-2010Q4

T Coupon payment bonds 4.1% 2003Q1-2010Q4 average 10y-yield
1/[1 =31 —p)] Duration bonds 20 Bank of Spain

Ddef Probability of default 0.0050 [Schabert and van Wijnbergen| (2014)
Gbbmaz /Y “Maximum” gov’t debt ratio 2.4 Maastricht criteria

o/ Ak Relative diversion rate 0.5 Gertler and Karadi| (2013)

o Leverage ratio 6.4848 2003Q1-2010Q4 average

Table 5: List of steady state calibration targets and source of calibration for the model version
without financial frictions and sovereign default risk.

of aggregate Eurozone data, whereas we estimate a small open economy model with the help of
Spanish data. To check the extent to which this choice affects our results, we perform a robustness
check with alternative values for k;. As we target the steady state fraction of bonds held by
financial intermediaries, see below, and manually set s, we adjust §»" to ensure that the first
two targets are hit. The parameter r,r, and the net international investment position f in the
expression for the international risk premium are determined in the following way. First, we set
knfa = 0.01, which is small enough to ensure that the international risk premium has no discernible
effects on the transition dynamics (Eggertsson et all [2014). Second, we set the steady state net
international investment position equal to -34% of quarterly domestic output, or -8.6% of annual
domestic output. This is in line with the fact that Spain was a net debtor to the rest of the world
during our estimation period.

We take the calibrated value for o from|Burriel et al.| (2010)), as well as the posterior means for the
steady state elasticity of substitution between domestic retail goods €?, the steady state elasticity of
substitution between different labor unions €*, the consumption elasticity of substitution between
domestic and foreign final goods 7., and the investment elasticity of substitution between domestic

and foreign final goods 7;. We set the steady state elasticity of substitution between retail import
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goods € and the steady state elasticity of substitution between retail export goods € equal to 8.
As Spain is part of the European Union’s single market, we set the steady state share of foreign
goods in the consumption and investment bundles equal to 0.5. We follow the literature by setting
the steady state terms of trade S = 1, and follow many in the literature by setting v* in equation
(1164} equal to 1.

The steady state gross inflation rate of the domestic and foreign consumer price index, respec-
tively, are set such that annual net inflation is equal to 2%, which is equal to the inflation target
of the European Central Bank. Therefore, we can immediately infer that steady state inflation

MU coincides with a 2% annual net inflation rate. Furthermore, we set

in the monetary union 7
the Taylor rule parameters x, and x, to values that are standard in the literature. We set the
weight n of Spanish macro developments in the Taylor rule (10]) equal to 0.10, as Spanish GDP
comprises approximately 10% of Eurozone GDP. We set the interest rate smoothing parameter p,.
equal to zero, as there will already be limited feedback from Spanish macrodevelopments on the
nominal interest rate set by the central bank. Finally, we manually set the standard deviation of
the monetary policy shock o, equal to 25 basis points, which is the standard change when the ECB
adjusts its policy rate.

Steady state investment over GDP is computed as the average ratio of private investment over
GDP in the sample period (2003Q1-2010Q4), which is equal to 22.6%. Similarly, we find the
average ratio of government consumption over GDP over the same period to be 17.8%. We use
the sovereign debt database of |Merler and Pisani-Ferry| (2012)) to calculate the average fraction of
Spanish government bonds held by Spanish OMF1Is, which is equal to approximately 25% over the
period 2003Q1—2010Q4IZ| While consolidated gross debt of the central government was on average
45.5% of Spanish GDP during our estimation period, we set the steady state debt-GDP ratio ¢°b
equal to 80% of annual GDP, which implies banks’ steady state sovereign debt holdings equal 135%
of their net worth. This is substantially below the sovereign debt exposure of 150% of Tier-1 capital
in Figure 2| and would have been even lower had we used the 45.5% number. Setting steady state
debt equal to 80% of annual GDP therefore keeps the middle between the 45.5% average debt-GDP

3T“«OMFIs” is an abbreviation for “Other Monetary Financial Institutions”, which are credit institutions and
specialised lending institutions with access to the ECB balance sheet.
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ratio and a much higher debt-GDP ratio necessary to match the 150% of Tier-1 capital. In addition,
the higher debt ratio is also more in line with the stock of outstanding Spanish sovereign debt during
the European sovereign debt crisis of 2011-2013, during which the average level of public debt was
equal to 86.8% of Spanish GDP.

The fixed cash flow payment z. is set to 4.1%, which is close to the average interest rate on
Spanish government bonds according to the database of the Spanish Treasury over the period
2003—2010@ Our modeling of long-term bonds allows us to calculate the average duration of the
bonds (Woodford, [1998| 2001)@ We set the average duration equal to 20 quarters (5 years), which
implies that p = 0.04. Unfortunately, we cannot directly observe the average duration from the
data. However, it is possible to find the average maturity of Spanish government debt over the
period 2003-2010, which is approximately 6 yearsm Therefore, an average duration of 5 years
seems reasonable. We set the feedback from the level of government debt to the level of lump sum
taxes raised on households (j in equation equal to 0.05. Although the presence of balance-sheet-
constrained financial intermediaries and households subject to quadratic adjustment costs breaks
Ricardian equivalence, this does not affect our results qualitatively as taxes are not distortionary,
see also [Bocola (2016]).

We set the haircut parameter ¥ equal to 0.5 following |Corsetti et al.| (2013). Regarding the
calibration of the default probability function , we apply the following targets: we set @*bmaq
equal to 60% of annual output, in line with the Maastricht criterium. As mentioned in the main
text, bmaz is not an actual maximum level of debt, since steady state government debt @b is
equal to 80% of GDP in our calibration. Instead of thinking of §’b,,.. as an upper limit for the
amount of government debt, one can think of it as the maximum level of debt prescribed by the
Maastricht Treaty, which says that government debt as a percentage of GDP should not be above

60%. However, there is no economic reason why government debt cannot be above 60% of GDP,

38The average interest rate on government debt can be found via https://www.tesoro.es/en/deuda-
publica/estadisticas-mensuales under the header “Euro - denominated Government Debt: Average interest rate
outstanding debt”.
=92, BIi(1—p)d 1

2, BI(1—p)7 — 1-B(1-p)

40The average maturity on government debt can be found via https://www.tesoro.es/en/deuda-
publica/estadisticas-mensuales under the header “Government Debt: Average maturity”.

39 Average duration is calculated as
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which is confirmed by the fact that many Eurozone countries have debt levels above 60% of GDP.

To find the parameters oy and [3p, we use the following targets: we set the steady state default

probability equal to pge = 0.0050, which implies a 2% annual default probability (Schabert and

van Wijnbergen| 2014). This value is also in line with 5-year CDS spreads on Spanish government

bonds at the end of 2010. We also target the first derivative of the default probability function
with respect to government bonds by, and set it equal to 0.2 in the steady state. This results in a
spread of 100 basis points (annually) between the steady state return on government bonds for the
model version which includes long-term bonds and sovereign default risk on the one hand, and the
steady state return on bonds for the model version without sovereign risk on the other hand. This
difference is rather conservative when compared with a spread of 200 basis points between 10 year
Spanish government bonds and 10 year German Bunds at the end of 2010. By setting these two
targets, we find oy = 33.4251 and S, = 15.9481. In addition, we will see in our simulations that

the probability of default will increase by 5 basis points in response to a fiscal stimulus of 0.5% of

def
quarterly output on impact. Therefore, the default elasticity, as defined by 11;7@# . AApZt = 0.003
TPt

This is relatively small, as|Schabert and van Wijnbergen| (2014), for example, work with a default

elasticity of 0.01.

We set the ratio of the diversion rate for government bonds over the diversion rate of corporate

loans \?/AF equal to 0.5 in all periods, as in Gertler and Karadil 42013D We calculate the average

of the time series for the leverage ratio that was described in the previous section over the period

2003Q1-2010Q4, and divide the resulting value by 2 to obtain ¢ = 6.4848 in equation . In doing

so, we follow |Gertler and Karadi| (2013), who explain that the loans to the private sector are state-

contingent in our setup, and thus more equity-like. Therefore, net worth of financial intermediaries

e
Apff 35 0.0005 _ 0.003

41The underlying calculation is —2&_ - =
ying 1 pTeT | TAb 1-0.006 0.5

42Note that )\,’f and /\2 are not legal capital requirements, in which case )\% should be equal to zero according to
Basel III regulations, but are rather constraints imposed by depositors on financial intermediaries within a market
transaction. In fact, literally following the original interpretation of |Gertler and Karadi| (2011) could lead one to
argue that )\%7 should be larger than )\f, as government bonds are typically more liquid than corporate securities,
and can therefore more easily be diverted by bank managers. We, however, think of the incentive compatibility
constraint as capturing in reduced form financial frictions that give rise to a return difference between assets and
deposit funding. As this spread is typically larger for corporate securities than for government bonds, we set )\f > )\,’f,
in line with |Gertler and Karadi| (2013) and many others in this literature. As there was a substantial spread between
the yield on Spanish government debt and the deposit rate during the European sovereign debt crisis, which is the
relevant period to look at for our research question, we set )\lg >0
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will be more volatile, everything else equal, than when intermediaries provide corporate loans with
a fixed principal, which is the dominant form of private sector credit in reality. Therefore, a lower
steady state leverage ratio compensates for the higher volatility induced by our equity-like corporate
loans. Our leverage ratio results in a sovereign debt exposure of 135% of net worth, a number which
is conservative relative to that in Figure We set 0, the probability that financial intermediaries
are allowed to continue operating, equal to 0.92, which corresponds to an average lifetime of bankers
equal to 12.5 quarters. This is below typical values found in the literature (Gertler and Kiyotakil
2010; |Gertler and Karadil, 2011}, [2013). We do so, however, as otherwise the parameter x, which is
the aggregate fraction of previous period assets that is provided to new bankers, would be negative.

Parameters that are manually adjusted to match the calibration targets include the duration
parameter of bonds p, the depreciation parameter §, the disutility weight of labor ¥, the diversion
rate \, of bankers, the fraction x of previous period aggregate assets that goes to new bankers, the
steady state level of lump sum taxes 7" and 7%, and the steady state level of the net foreign asset
position f. We are capable of targeting first order moments, as well as estimating parameters that
affect some of those same first order moments by writing a separate steady state file which dynare
reads into during the estimation, see |Pfeifer| (2018).

Finally, we set the persistence parameter py,, which determines how fast the diversion rate of
corporate loans A returns to its steady state after a one-off MIT shock, equal to 0.7. This implies
that output is back at the pre-crisis level of output after 20 quarters, or 5 years. Table [f] contains

all the parameter values that are not estimated.

43We calculate steady state net worth from equation (25). From this equation, we immediately see that the
leverage ratio directly affects the level of steady state net worth, and thus the steady state ratio of intermediaries’
bond holdings over net worth g°3? /7.
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Parameter Definition Value
Domestic households

I6] Subjective discount factor 0.990
LG Disutility weight of labour 23.7411
Kb Gov’t bond adjustment costs 0.015
gbh Gov’t bond reference level 2.4552
Ve Import share dom. consumption bundle 0.5

Ne Consumption elast. of subst. dom. & for. goods 7.512
Knfa International risk premium 0.01
Foreign households

y* Elasticity demand for dom. export goods 1
Financial Intermediaries

0 Survival rate of bankers 0.92
Ap Steady state diversion rate domestic bonds 0.3210
X Transfer share to new bankers 0.0010
Production Sector

e Capital share 0.3621
1) Depreciation 0.0612
V4 Import share dom. investment bundle 0.5

i Investment elast. of subst. dom. & for. goods 7.851
Elasticity of substitution

P Elasticity of substit. (goods) 8.577
e Elasticity of substit. (imports) 8

e Elasticity of substit. (exports) 8

ev Elasticity of substit. (labor) 7.758
Government debt

P Government debt maturity parameter 0.04
T Nominal coupon payment to bondholder 0.041
Sovereign default

19;]; f Haircut (cash flow) 0.5
Ve s Haircut (principal) 0.5

y First parameter beta-cdf 33.4251
o Second parameter beta-cdf 15.9481
Policy Parameters

Gy Gov. debt feedback on taxes 0.05
gMU Inflation rate target monetary union 1.005
Ko Inflation feedback parameter 1.500
Koy Output feedback parameter 0.125
n Weight Spain Taylor rule 0.1

Pr Interst rate smoothing par. 0

o, Std. dev. interest rate shock 0.0025
Shock process

P Diversion rate shock 0.7

Table 6: List of calibrated parameter values and source of calibration.
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D.3 Bayesian estimation of remaining parameters

Tables [7] and [§] show the priors and posteriors for the parameters that are estimated using Bayesian
techniques. Specifically, Table [7] contains the deep parameters that affect the steady state of the
model, while Table |8 contains the parameters that determine the persistence and the standard
deviation of the exogenous processes.

We follow |Darracqg-Paris and Kiihl (2017) for the priors of habit formation, the Frisch-elasticity,
and the probability of not being able to choose new prices and wages (“Calvo”). An exception is
the probability 1, of not being able to choose a new price for domestic retail firms, for which we
set the prior mean at 0.8. We do so, as setting the prior mean at 0.5 would result in a posterior
mean of v, that is unrealistically low with respect to the literature. We choose a relatively large
standard deviation for the prior distribution of the remaining parameters, as we have no additional

information that warrants a tighter prior.

Parameter Distrib. Mean Std. dev. Mean 5% Mode  95%
v Habit formation Normal 0.7 0.1 0.6511 0.5391 0.6981 0.7640
%) Frisch-elasticity Gamma 2 0.75 2.0665 1.0198 4.7999 3.0630
1,  Calvo (domestic) Beta 0.8 0.1 0.4868 0.3532 0.4397 0.6178
1y Calvo (wages) Beta 0.5 0.1 0.3507 0.2161 0.3668 0.4913
1y Calvo (imports) Beta 0.5 0.1 0.0835 0.0471 0.0795 0.1144
v,  Calvo (exports) Beta 0.5 0.1 0.5557 0.3939 0.5772 0.7386
vp  Indexation (dom.) Beta 0.5 0.2 0.2603 0.0305 0.1243  0.4777
Yo Indexation (wages) Beta 0.5 0.2 0.1025 0.0073 0.0334 0.1886
~v;  Indexation (imports) Beta 0.5 0.2 0.1578 0.0118 0.1063 0.2931
v:  Indexation (exports) Beta 0.5 0.2 0.5234 0.1996 0.5187 0.8516
v,  Exports demand Beta 0.5 0.2 0.4910 0.4250 0.4909 0.5585
A, Trend growth Invg. 0.01 0.05 0.0048 0.0027 0.0073 0.0066
X Div. rate corp. loans Beta 0.5 0.1 0.6420 0.5023 0.6507 0.7679
v,  Fraction constr. HH  Beta 0.5 0.2 0.2003 0.0734 0.2522 0.3148
vy Invest. adj. cost Gamma 2.5 1 0.8189 0.4002 0.6749 1.2434

Table 7: Priors (columns 3-5) and posteriors (columns 6-9) of the parameters that are estimated
with Bayesian techniques. The results are based on 2 chains, each with 500,000 draws based on
the Metropolis-Hastings algorithm. “Invg.” is an abbreviation for the inverse Gamma distribution.
“Calvo” refers to the probability of not being able to change nominal prices or wages. “Domestic”
refers to domestic retail goods.

Tables[7] and [§| also report the summary statistics of the posterior distribution of the parameters.
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Parameter Distrib. Mean Std. dev. Mean 5% Mode  95%

AR coef.

02 Productivity Beta 0.8 0.1 0.9426 0.8938 0.9728 0.9887
Pe Capital quality Beta 0.8 0.1 0.8580 0.7996 0.8551 0.9273
Pg Gov’t spending Beta 0.8 0.1 0.9501 0.9160 0.9572 0.9883
Pe Preference Beta 0.8 0.1 0.7566 0.6251 0.7531 0.8927
Di Invest. adj. Beta 0.8 0.1 0.7246 0.5706 0.7646 0.8894
Pp Price-elasticity  Beta 0.8 0.1 0.8018 0.7110 0.8784 0.9011
Pw Wage-elasticity Beta 0.8 0.1 0.7192 0.5417 0.9090 0.9070
Py+ For. output Beta 0.8 0.1 0.8246 0.7135 0.8524 0.9534
P For. inflation Beta 0.8 0.1 0.6242 0.5245 0.6164 0.7235
Std. dev.

o Productivity Invg. 0.01 0.05 0.0074 0.0049 0.0068 0.0097
of Capital quality Invg. 0.01 0.05 0.0033 0.0022 0.0028 0.0043
o4 Gov’t spending Invg. 0.01 0.05 0.0152 0.0088 0.0133 0.0216
O¢ Preference Invg. 0.01 0.05 0.0252 0.0162 0.0284 0.0339
o; Invest. adj. Invg. 0.01 0.05 0.0170 0.0097 0.0135 0.0244
op Price-elasticity  Invg. 0.01 0.05 0.1157 0.0858 0.0996 0.1467
Ow Wage-elasticity Invg. 0.01 0.05 1.0418 0.4674 09671 1.6188
Ox Trend Invg. 0.01 0.05 0.0117 0.0059 0.0109 0.0177
Oy For. output Invg. 0.01 0.05 0.0267 0.0208 0.0259 0.0327
fo e For. inflation Invg. 0.01 0.05 0.0060 0.0047 0.0057 0.0072

Table 8: Priors (columns 3-5) and posteriors (columns 6-9) of the parameters that are estimated
with Bayesian techniques. The results are based on 2 chains, each with 500,000 draws based on the
Metropolis-Hastings algorithm. “Invg.” is an abbreviation for the inverse Gamma distribution.

After having estimated the model, we applied the convergence statistics proposed by |[Brooks and
Gelman| (1998) to check that convergence was reached.

We see from Table [7] that the estimation is informative for a key parameter determining the
strength of financial frictions, namely the diversion rate for corporate loans A;. We find that the
posterior mean is equal to 0.6420, which is above the prior mean of 0.5. It is also substantially
higher than values used in the literature, where the diversion rate for corporate loans is typically
below 0.4 (Gertler and Kiyotaki, 2010} (Gertler and Karadi, [2011). By setting A\, = 0.6420 in our
simulations, we find that A\, = 0.3210, which is substantially above the value employed in papers
where financial intermediaries have both corporate loans and government bonds on their balance
sheet. |Gertler and Karadi| (2013) and Karadi and Nakov| (2021)), for example, employ a value for

My that is less than 0.2. Therefore, our estimation suggests that financial frictions are relatively
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important for the Spanish economy.

We also find that the posterior mean of the fraction of constrained households is equal to
0.2003, which is in line with the literature. In addition, the estimation is informative on the Calvo
parameters determining the probability of not being able to choose a new price, and the indexation
parameters. An exception is in the export sector, where the estimation is uninformative for v, and
. The estimation is also informative on the underying trend growth A, of productivity, as well
as on the parameter 7 determining the degree to which capital goods producers face investment
adjustment costs.

Finally, observe that the estimation is informative on almost all parameters relating to the
exogenous processes, except for the persistence p, of a shock to the elasticity of substitution among

domestic retail goods, and the persistence p,- of foreign output.

E Robustness checks

In this section we perform a robustness check by reporting discounted cumulative multipliers for
alternative parameter values. Table [0 displays the robustness checks for the case where government
debt is short-term (1 quarter maturity) and sovereign risk absent, while Table [10| reports the case
where government debt is long-term and sovereign risk absent. Finally, Table [11] shows the results
for the base case from the main text, where government debt is long-term and subject to sovereign
default risk. We report immediate stimuli, as well as delayed stimuli, which have an implementation
lag of four quarters (like in the main text). Our key focus is to vary parameters or calibration targets
relating to financial frictions and the default probability function. The goal of this section is to
show that the results we obtained in the main text carry over qualitatively for these alternative
parameter values.

Let us first look in Table [0] at the case where government debt is short-term and not subject
to default risk. Specifically, we look at the impact of changes in the diversion rate of corporate
loans )y, changes in the relative diversion rate of bonds over corporate loans \y/Ax, changes in the

steady state leverage ratio ¢, changes in the coefficient in front of households’ quadratic adjustment
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costs kp in equation , and changes in the fraction of constrained households v,.. We see in
Table [0 that changes in these parameter values hardly affect the size of the multiplier, both for
immediate stimuli, as well as for delayed stimuli. Only the multiplier from an immediate stimulus for
v = 0.05 is 0.05 percentage points below the base case. This result is unsurprising, as fewer hand-
to-mouth consumers implies that the indirect effect of the stimulus that leads to more consumption

by constrained households is reduced.

Stimulus policy Immediate multiplier Delayed multiplier

Base case 0.64 0.25
A, = 0.5 0.66 0.28
;\b/j\k =0.25 0.64 0.28
$=55 0.65 0.27
$="15 0.63 0.24
Ky = 0.0015 0.64 0.25
Ky = 0.15 0.64 0.25
v, = 0.05 0.59 0.25

Table 9: Table displaying the discounted cumulative dynamic multiplier for listed scenarios for a
fiscal stimulus in response to a financial crisis initiated by an MIT-shock of 5% to the diversion
rate on corporate securities and a fiscal stimulus of 0.5% of quarterly GDP. Government debt is
short-term, and is not subject to sovereign default risk. The stimulus is calculated using formula
over the first 1000 quarters.

Next, we look in Table at the case where government debt is long-term and not subject
to sovereign default risk. The difference between the alternative cases and the base case slightly
increases with respect to the case where government debt is short-term. For example, the immediate
multiplier for the case with Ay = 0.5 and A,/ = 0.25 increases by 0.07 percentage points with
respect to the base case for an immediate stimulus, and by 0.05 and 0.03 for a delayed stimulus,
respectively. The intuition behind this result is that for lower values of A\, and X, respectively,
intermediaries’ incentive compatibility constraint is relaxed, everything else equal, as a result of
which capital losses on existing bond holdings decrease in case of a fiscal stimulus. Changes in the
steady state leverage ratio have a relatively small impact on the multiplier. Therefore, we conclude
from Table [10| that the conclusion that the result that the multiplier decreases when moving from
short-term bonds to long-term bonds carries over for these alternative parameter values.

Finally, we look at the case with long-term debt and sovereign default risk in Table We have
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Stimulus policy Immediate multiplier Delayed multiplier

Base case 0.47 0.15
Ax = 0.5 0.54 0.20
o/ Ak = 0.25 0.54 0.18
¢ =55 0.49 0.17
$="15 0.45 0.13
Ky = 0.0015 0.36 0.08
Ky = 0.15 0.49 0.15
v, = 0.05 0.43 0.15

Table 10: Table displaying the discounted cumulative dynamic multiplier for listed scenarios for a
fiscal stimulus in response to a financial crisis initiated by an MIT-shock of 5% to the diversion rate
on corporate securities and a fiscal stimulus of 0.5% of quarterly GDP. The delayed stimulus has
an implementation lag of four quarters. Government debt is long-term, has an average duration of
20 quarters, and is not subject to sovereign default risk. The stimulus is calculated using formula
over the first 1000 quarters.

extended this table with respect to the previous two tables by including parameters that affect the
probability of sovereign default. From this table, we see that changes in parameter values have the
largest effect on the multiplier when debt is long-term and subject to default risk. For example,
a decrease in the diversion rate of corporate loans A, from its posterior mean of 0.64 to A, = 0.5
causes the immediate multiplier to increase by 0.33 percentage points (= 0.19 - - 0.14), while the
delayed multiplier increases 0.41 percentage points (= - 0.24 - - 0.65). The intuition why the change
in the multiplier (with respect to the base case) is so much larger compared with the case with
no sovereign risk is the fact that capital losses on existing bond holdings are much larger in the
presence of sovereign risk. The impact of these capital losses on net worth is then amplified because
the subsequent reduction in credit provision to the real economy leads to a lower price of physical
capital (with respect to the base case). This, in turn, amplifies the capital losses on corporate loans.
Therefore, a lower value of A\, means that these capital losses on corporate loans are mitigated, as
a result of which the multiplier increases. However, the conclusion that the multiplier decreases
when sovereign debt is introduced continues to hold for the case A\, = 0.5. Specifically it decreases
from 0.57 to 0.19 for an immediate stimulus, and from 0.20 to -0.24 for a delayed stimulus (compare

Table and .

When the steady state leverage ratio ¢ decreases to 5.5, we see that the multiplier increases by
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Stimulus policy Immediate multiplier Delayed multiplier

Base case -0.14 -0.65
A = 0.5 0.19 -0.24
o/ Ak = 0.25 -0.13 -0.68
¢ =55 0.03 -0.42
$="15 -0.33 -0.89
Ky = 0.0015 -0.10 -0.52
Ky = 0.15 -0.16 -0.69
v, = 0.05 -0.21 -0.67
pdef =0.0025  -0.15 -0.66
pdef =0.0075  -0.16 -0.67
@l —0.15 0.09 -0.34
L~ 0.25 -0.62 -1.29
Gobmaz = 2.0 -0.48 -1.10
Gobmaz = 2.8 0.01 -0.45

Table 11: Table displaying the discounted cumulative dynamic multiplier for listed scenarios for a
fiscal stimulus in response to a financial crisis initiated by an MIT-shock of 5% to the diversion rate
on corporate securities and a fiscal stimulus of 0.5% of quarterly GDP. The delayed stimulus has
an implementation lag of four quarters. Government debt is long-term, has an average duration of
20 quarters, and is subject to sovereign default risk. The stimulus is calculated using formula
over the first 1000 quarters.

0.17 percentage points (= 0.03 - - 0.14) for an immediate stmulus, and by 0.23 percentage points
(=-0.42 - - 0.65) for a delayed stimulus (with respect to the base case). The reason is that a lower
steady state leverage ratio means that intermediaries have more net worth, as a result of which
their lending capacity is less affected by financial crises and capital losses from debt-financed fiscal
stimuli. When the steady state leverage ratio increases to 7.5, we see that the multipliers decrease
by 0.19 and 0.24 percentage points for an immediate and delayed stimulus (with respect to the base
case), respectively. We see that the coefficient in front of households’ quadratic adjustment costs
from bond holdings x; has a relatively small effect on the multiplier, while the multiplier decreases
when the fraction of constrained households decreases.

Compared with Table |§| and (no sovereign default risk), we have performed additional ro-

bustness checks by varying the steady state default probability p®/, the steady state first derivative

of the default probability function dzdg f, and the steady state “maximum” level of debt Gybmaz-

We hit these alternative calibration targets by adjusting a; and S, in equation . From Table
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we see that changes in the steady state default probability p*/ have a minor impact on the

multiplier. However, changes in the first deriviative of the default function with respect to debt

dl—)dief
db

have a large effect: the multiplier increases by 0.23 percentage points (= 0.09 - - 0.14) for an
immediate stimulus, and by 0.31 percentage points (= -0.34 - - 0.65) for a delayed stimulus (with
respect to the base case) when the derivative decreases from 0.2 to 0.15. The multiplier decreases
by 0.48 and 0.64 percentage points (with resepct to the base case) for an immediate and delayed

. . . . . paef . e
stimulus, respectively, when the steady state derivative increases to d’;E = 0.25. The intuition

behind these quantitative large results is the fact that the derivative determines by how much the
probability of default increases for an additional euro of bonds issued by the fical authority, and
through that channel by how much bond yields will increase and bond prices decrease. The smaller
the deriviative, the smaller the capital losses on intermediaries’ existing bond holdings (as a result
of an additional euro of stimulus), and the smaller the contraction in credit to the real economy.
Similarly, the larger the derivative, the larger the capital losses, and the larger the contraction in
credit provision to the real economy. Similarly, when the steady state “maximum” level of debt
is equal to 50% of annual GDP, which is relatively far below the steady state level of government
debt of 80% of annual GDP, an increase in debt issue by the government increases the probability
of default by more than when the “maximum” level of debt is relatively close to the steady state
level of debt. Therefore, we conclude that the key to the size of the multiplier is by how much
the probability of default increases as a result of an additional euro of bonds issued by the fiscal
authority, and not so much the level of the default probability from which changes occur.

Finally, we compare the multipliers from the above-mentioned cases with the multipliers from

the base case of the model version without sovereign risk. We observe that even for the case

with d]i;ef = 0.15, which features the largest multipliers upon variation of the default targets, the
difference with the base case with no sovereign risk in Table remains substantial. It is equal
to 0.38 percentage points (= 0.47 - 0.09) for an immediate stimulus, and 0.49 percentage points
(= 0.15 - - 0.34) for a delayed stimulus. Therefore, the conclusions from the main text carry over
qualitatively to cases with alternative parameter values: the introduction of sovereign default risk

leads to a substantial deterioration of the multiplier with respect to the case without sovereign risk.
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Financial crisis, sovereign default risk, long-term bonds: immediate vs. delayed
government spending

Govt spending

¢ o 05 ¢
» 0 -
g © £
25 e e
ag a8
. . C
o) o o
x £ 0 , . , . . . .
20 30 40 0 10 20 30 40
0 Consumption Investment
2 = 3 =
) € o
o Q 2 g
= Q = Qo
4 < 4 <
. C . C
T T T T
o o . . . .
0 10 20 30 40
Quarters Quarters
(a)
Intermediary Net Worth Credit Spread E[rk-rd]
é — v 100
= E2
£§ 5 =3 50
qa 48
— £ 1%} c
g 10 , , , 25
0 10 20 30 40 20 30 40
Price of capital Price of bonds
%) )
= 2
© E o
o2 °o 2™
ad 28
— £ _— £
[} 3]
@ . . , . . . ,
20 30 40 0 10 20 30 40
Quarters Quarters

(b)

Figure 11: Plot of the impulse response functions comparing an immediate fiscal stimulus (blue,
solid) and a delayed fiscal stimulus (red, slotted) in response to a financial crisis. The delayed
stimulus is announced as the crisis hits, but implemented four quarters later. The size of the
stimulus equals 1% of quarterly steady state GDP and is financed through additional debt issue.
Bonds have an average duration of 20 quarterggsmnd are subject to sovereign default risk. The
financial crisis is initiated through an MIT-shock to the diversion rate of corporate securities of 2
percent relative to the steady state.



Financial crisis, sovereign default risk, long-term bonds: no policy vs. delayed
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Figure 12: Plot of the impulse response functions comparing no additional policy (blue, solid) and
a delayed fiscal stimulus (red, slotted) in response to a financial crisis. The delayed stimulus is

announced as the crisis hits, but implemented four quarters later. The size of the stimulus equals
and is financed through additional debt issue. Bonds have an

1% of quarterly steady state GDP

average duration of 20 quarters, and are subjedBio sovereign default risk. The financial crisis is

initiated through a MIT-shock to the diversion rate of corporate securities of 2 percent relative to

the steady state.
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