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Abstract:

Recent macro developments in the euro area have highlighted the interactions between
fiscal policy, sovereign debt, and financial fragility. We take a structural macroeconomic
model with frictions in the financial intermediation process, in line with recent research,
but introduce asset choice and sovereign debt holdings in the portfolio of banks. Using this
model, we emphasize a new crowding-out mechanism that works through reduced private
access to credit when banks accumulate sovereign debt under a leverage constraint. Our
results show that, when banks invest a substantial fraction of their assets in sovereign
debt, the effectiveness of fiscal stimulus policies may be impaired because deficit-financed
fiscal expansions may tighten financial conditions to such an extent that private demand
is crowded out. We also analyze the macroeconomic effectiveness of liquidity support to
commercial banks through recapitalizations or loans by the government and the impact

of different ways of financing those policies.
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Non-technical summary

How effective are government policies in a situation of financial distress such as emerged
after the 2007/2008 credit crisis? Standard macroeconomic models are not set up for
policy analysis during crises characterized by financial distress, but new types of models
with financial frictions have been developed recently that can be (and have been) used to
answer this question; see, in particular, Gertler and Karadi (2011), Gertler and Kiyotaki
(2010), and Gertler, Kiyotaki, and Queralto (2012). However, while these models assume
that leverage constraints on the intermediary side affect the funding capacity of private
sector firms through bank credit, they also assume that government policies are fully
funded through markets that are not subject to similar types of financial frictions and
therefore have no direct impact on the financial fragility that the distress situation has led
to. For many, if not most countries, this is not a realistic assumption, and recent macro
developments in the euro area have highlighted this point.

To make progress on this matter, we describe in this paper a structural macroeconomic
model that integrates government deficit financing and financial intermediation with fric-
tions in the intermediation process. We also incorporate one of the more contentious
points of the recent euro area crisis, namely the potential consequences of substantial
holdings of sovereign debt by commercial banks for private access to bank credit. We use
this model to study the effects of deficit-financed fiscal stimulus policies during such a
crisis, and also analyze the macroeconomic impact of policies designed to reduce financial
distress through direct intervention in commercial bank balance sheets.

The findings presented in this paper emphasize a new crowding-out mechanism that
works through reduced private access to credit when banks accumulate sovereign debt
under a leverage constraint. They suggest that the integration of deficit financing in the
intermediation process qualitatively changes the assessment of fiscal stimulus policies as
a tool to fight recessions caused by financial distress, and also provide new insights on the
effectiveness of bank intervention policies. Most strikingly, deficit-financed fiscal stimulus
policies tend to prolong the recession due to a financial crisis and can even worsen the
recession due to the financial crowding-out effect of government deficits. Financial sector
policies, on the other hand, can bring temporary stabilization gains but some types of
policies can also be counterproductive in our model. Overall, our findings raise serious
questions about the effectiveness of deficit-financed government policies in situations of

financial distress and limited direct capital market access by governments.



Nicht-technische Zusammenfassung

Wie effektiv sind wirtschafts- und staatspolitische Mafinahmen in Zeiten finanzieller
Not wie wiahrend und nach der Kreditkrise der Jahre 2007 und 20087 Die Standard-
Modelle der Makrookonomik sind nicht dazu geeignet, um Politikmafinahmen in einer sol-
chen Situation zu bewerten. Mittlerweile sind jedoch neue Arten von makroskonomischen
Modellen mit finanziellen Friktionen entwickelt worden, die fiir eine entsprechende Ana-
lyse verwendet werden konnen und die auch dazu verwendet wurden; siehe insbesondere
Gertler und Karadi (2011), Gertler und Kiyotaki (2010) und Gertler, Kiyotaki und Quer-
alto (2012). Die finanziellen Friktionen in diesen Modellen basieren auf Beschrankungen
der Hebelkapazitdt von Kreditinstituten. Diese Beschrankungen sind zu Krisenzeiten be-
sonders relevant und beeinflussen die Kreditvergabe an private Firmen. Besagte Model-
le gehen allerdings auch davon aus, dass staatliche Mafinahmen in vollem Umfang {iber
Maérkte finanziert werden kénnen, die nicht durch vergleichbare Friktionen gekennzeichnet
sind (sodass die Mafinahmen keine direkten Auswirkungen auf diejenigen finanziellen Pro-
bleme haben, die die finanzielle Notlage hervorgebracht hat). Diese Annahme ist wenig rea-
listisch fiir viele, wenn nicht sogar die meisten Lander. Die jiingsten makrookonomischen
Entwicklungen in der Eurozone haben diesen Punkt offensichtlich gemacht.

Um einen Fortschritt in dieser Hinsicht zu machen, beschreibt das vorliegende Diskus-
sionspapier ein strukturelles makrockonomisches Modell, welches Staatskredit und De-
fizitfinanzierung iiber das Bankensystem mit finanziellen Friktionen im Finanzgewerbe
integriert. Zudem beleuchtet das Papier einen der strittigen Punkte der jiingsten Euro-
Krise, ndmlich die moglichen Konsequenzen eines erheblichen Bestands an Staatsanleihen
auf den Bilanzen von Geschéftsbanken fiir den privaten Zugang zu Bankkrediten. Das
Modell wird genutzt, um die Effekte defizitfinanzierter staatlicher Konjunkturprogramme
wahrend einer Wirtschaft- und Finanzkrise aus einem neuen Blickwinkel zu studieren. Die
makrodkonomische Wirksamkeit direkter staatlicher Interventionen in Bankbilanzen mit
dem Ziel, finanzielle Notlagen zu lindern, werden ebenfalls analysiert.

Die Ergebnisse der Analyse understreichen einen neuartigen Verdréngungsmechanis-
mus, der auf reduziertem privatem Zugang zu Krediten durch hohere Staatsdefizite basiert,
wenn Banken unter Hebelbeschrankungen in Staatsanleihen investieren. Die Ergebnisse
zeigen insbesondere, dass die Integration von Staatskredit und Defizitfinanzierung mit
finanzieller Intermediation die Bewertung von Konjunkturmafinahmen als Werkzeug, um
Wirtschaft- und Finanzkrisen zu bekdmpfen, qualitativ beeinflusst. Die Ergebnisse liefern
auch neue Einsichten iiber die Wirksamkeit staatlicher Interventionen im Bankensystem.

Am auffilligsten ist, dass schuldenfinanzierte Konjunkturprogramme die Rezession auf-



grund einer Finanzkrise durch die Verdriangung privater Kredite tendenziell verlingern
und sogar verschlimmern kénnen. Auf der anderen Seite konnen Interventionen im Ban-
kensystem finanzielle Notlagen voriibergehend lindern, aber einige Arten von Interventio-
nen konnen gemafl des vorgestellten Modells auch kontraproduktiv sein. Insgesamt werfen
die Erkenntnisse des vorliegenden Papiers ernste Fragen iiber die Wirksamkeit wirtschafts-
und staatspolitischer Mainahmen in einer Situation finanziellen Stresses und begrenztem

direkten Kapitalmarktzugangs des Staates auf.
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Fiscal Deficits, Financial Fragility, and the Effectiveness of
Government Policies!

1 Introduction

Recent macro developments in the euro area have highlighted the interactions of fiscal
policy, sovereign debt, and financial fragility. Financial fragility and spiralling sovereign
debt were inherited from the global credit crisis that preceded the more recent turmoil
in the euro area. Across much of Europe and in the U.S.; the fiscal response to the
crisis took the form of financial sector support measures and economic stimulus packages
that were financed through budgetary deficits. What are the effects of such policies in a
situation of financial distress such as emerged after the 2007/2008 credit crisis? Standard
macroeconomic models are not set up for policy analysis during crises characterized by
financial distress, but new types of models have been developed recently that can be (and
have been) used to answer this question; see, in particular, Gertler and Karadi (2011),
Gertler and Kiyotaki (2010), and Gertler, Kiyotaki, and Queralto (2012). However, those
models assume that government policies are fully funded through markets that are not
affected by financial distress and in turn have no impact on the financial fragility that
the distress situation has led to. For many, if not most countries, this is not a realistic
assumption. We show in this paper that relaxing that assumption qualitatively changes
the assessment of the effectiveness of deficit-financed government policies as a tool to
fight recessions caused by financial distress, and underscores the importance of bank
intervention policies to relieve financial distress.

The debt crisis in the euro area has emphasized the importance of the mechanisms and
transmission channels we focus on in this paper. On the one hand, commercial banks have
to deleverage as a consequence of the weakening of their balance sheets after the earlier
credit crisis; but at the same time they are throughout the euro area absorbing increasing
amounts of sovereign debt. As a consequence, private access to credit has tightened; even
in countries like Germany or the Netherlands credit spreads for corporates have increased

while interest rates for sovereigns declined.
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Santiago, Chile. Email: mkirchner@bcentral.cl. van Wijnbergen: University of Amsterdam, Val-
ckenierstraat 65-67, 1018 XE Amsterdam, The Netherlands. Email: s.j.g.vanwijnbergeneuva.nl.



We develop a structural macroeconomic model that integrates government deficit fi-
nancing and financial intermediation with frictions in the intermediation process. These
frictions imply a financial accelerator that is able to generate a deep financial crisis fol-
lowing a deterioration of intermediary balance sheets. Furthermore, we incorporate one
of the more contentious points of the recent euro area crisis, the potential consequences
of substantial holdings of sovereign debt by commercial banks for private access to bank
credit. We use this model to study the effects of deficit-financed fiscal stimulus policies
during such a crisis and also analyze the macroeconomic impact of policies designed to
reduce financial distress through direct intervention in commercial bank balance sheets.

Our framework includes financial intermediaries that channel funds or deposits from
households (the saving agents) to non-financial firms and the government (the borrow-
ing agents). The intermediation process is subject to a similar agency problem between
depositors and intermediaries as in Gertler and Karadi (2011) and Gertler and Kiyotaki
(2010). As those studies show, this agency problem leads to endogenous leverage con-
straints, which in turn gives rise to a powerful financial accelerator mechanism. This
accelerator mechanism generates dynamics that broadly reflect the relevant economic dy-
namics of a financial crisis. However, unlike the models in those studies, our framework
allows for different classes of assets in intermediary portfolios instead of only one class,
introducing a new crowding-out channel that works through reduced private access to
credit when banks accumulate sovereign debt under a leverage constraint.

The specific setup is as follows. The intermediary’s asset portfolio consists of gov-
ernment bonds and loans made to non-financial firms. The overall portfolio size is tied
to intermediary equity capital through endogenous leverage constraints, but the inter-
mediaries optimize their portfolio composition for any given portfolio size, shifting the
composition of their portfolios towards assets with higher expected returns. Through
this mechanism, the expected returns on bonds and private claims are jointly determined
in equilibrium. Financial frictions and leverage constraints prevent perfect arbitrage,
although intermediaries will alter their portfolio composition to exploit rate of return
differences. In the general equilibrium, such arbitrage behavior by financial intermedi-
aries leads to co-movements between different credit spreads relative to the rates at which
intermediaries obtain funding.

We use this model to highlight the links between government policies and deficit fi-
nancing in a situation of financial distress. In particular, we analyze the effects of demand
(i.e. spending) stimulus and measures targeting the financial sector (i.e. straight transfers

to intermediaries, zero interest loans, and loans at penalty rates). This set of policies is



sufficient to explain the key implications of the model, but it also suitably captures the
main fiscal and bank intervention policy measures that were applied in the wake of the
global credit crisis. The policies are financed by issuing bonds to intermediaries. We also
analyze as a benchmark the case where governments can bypass financial frictions alto-
gether by financing policies through lump-sum taxes levied on household income directly.
This is clearly not an option in reality but serves as a benchmark for our results.

Our findings suggest that intermediary financing under leverage constraints has im-
portant consequences for the effectiveness of government policies. An early, immediately
implemented demand stimulus dampens the recession due to a financial crisis for some
time (i.e. it reduces output losses initially), but the dampening impact is much smaller
than without the leverage constraints and crowding out through bank portfolio’s. And
the stimulus tends to prolong the downturn later on as within-period multipliers turn neg-
ative already after a few periods. An even more striking result is that a pre-announced
future stimulus starts out by worsening the recession: in the year leading up to the actual
implementation of the stimulus, within-period multipliers are actually negative. Since
in the vast majority of budget procedures imply time to implementation, with typical
delays of at least a year if not more, this is a highly relevant result. We also find that
financial sector policies become less effective under intermediary financing. Some policies
such as loans with relatively early repayment can also deepen the downturn. Temporary
support can however bring initial stabilization gains if the cost to intermediaries is shifted
towards substantially later periods. Overall, these findings raise serious questions about
the effectiveness of deficit-financed government policies in situations of financial distress
and limited direct capital market access by governments.

Key to our results are the effects of government borrowing on intermediary balance
sheet constraints and the associated adverse impacts on the cost of credit to non-financial
firms. In our model, a fiscal expansion is associated with an economy-wide increase in
credit spreads for the private sector, as higher government deficits tighten intermediary
balance sheet constraints. The rise in spreads lowers non-financial sector investment,
which can (in some cases more than) offset the output gain of a demand stimulus. The
same mechanism also reduces the effectiveness of financial sector policies. The fact that in-
termediary balance sheet constraints are forward-looking explains the sometimes perverse
links between the timing and the effects of government policies that we detect.

This paper is closely related to other studies that emerged out of the experience of the

credit crisis.? Gertler and Karadi (2011) evaluate the effects of direct government (central

2Other related studies include, for instance, Bean, Paustian, Penalver, and Taylor (2010),



bank) credit intermediation, financed by issuing government debt to households, to offset
a disruption of private financial intermediation. Gertler and Kiyotaki (2010) consider a
generalization of the model in Gertler and Karadi (2011) with an interbank market and
also analyze the effects of government equity injections, financed by raising lump-sum
taxes from households. But in these studies, government policies are financed directly by
households without any financial friction coming in between. Our model allows for deficit
financing of fiscal policy through financial intermediaries under leverage constraints, which
does more justice to the actual practice of fiscal financing in many developed and most
less-developed countries.

In fact, many financial institutions even in developed countries are active in gov-
ernment funding markets. In the euro area, a significant fraction of monetary financial
institutions’ assets consists of government securities and direct loans to the government:
on average equal to about 58% of the value of loans to non-financial corporations.® In ad-
dition, EU banks hold primarily domestic government securities (see ECB, 2010). Using
a closed-economy approach, as we do, thus seems sufficient to capture the key elements of
sovereign funding structures in Europe, although allowing for cross-border holdings (an
extension discussed in a companion paper) allows analysis of the IMF’s managing director
Christine Lagarde’s chains of contagion. Outside of Europe, Japanese bank holdings of
government securities as a proportion of total assets have recently gone up to an all-time
high, as banks have become the dominant buyers of government bonds. Even in the UK
and the U.S., domestic depository institutions’ claims on the government still amount to
approximately 6% and 8% of GDP, respectively (see IMF, 2010), in spite of their much
better developed capital markets. Hence, government securities holdings by domestic fi-
nancial institutions play an important role in most high-income countries, and much more
so in most middle-income countries.

Overall, we therefore view this paper as a further step towards a more realistic de-
scription of the interactions of sovereign debt and financial fragility, and as one of the
first steps to reflect fiscal-financial linkages in macroeconomic models. The recurring con-
cerns on the sustainability of government debt in developed countries and the associated
spillover effects across financial systems suggest that these are steps into a highly relevant
direction.

The remainder of the paper is structured as follows. Section 2 lays out the model.

Christiano and Tkeda (2011), and Gertler, Kiyotaki, and Queralto (2012).

3Source:  European Central Bank (ECB); aggregated balance sheet of euro area mone-
tary financial institutions, March 2011; updated versions are available on the ECB’s webpage:
http://www.ecb.int/stats/money/aggregates/bsheets.



Section 3 discusses the results of model-based simulations. It first compares the effects of
deficit-financed and lump-sum-tax-financed changes in government purchases in compari-
son to a baseline model without financial intermediation to explain the main mechanisms
at play. It then analyzes the effects of alternative fiscal policy responses to a simulated
crisis to assess the stabilization properties of different policies. Section 4 briefly reviews
the related empirical literature to connect the key mechanisms and predictions of the

model to the available evidence. Section 5 concludes.

2 Model description

We describe a monetary model with sticky prices and financial intermediation that builds
on Christiano, Eichenbaum, and Evans (2005) and Gertler and Karadi (2011) but extends
the basic structure significantly to enable analysis of commercial banks’ role in public
deficit financing.

The model has a private sector and a public sector. The private sector consists of a
non-financial sector that is formed by households and firms, and a financial sector that
is formed by financial intermediaries. The firm production chain is as follows. Capital
producers combine used capital purchased from intermediate goods producers with invest-
ment goods to produce new productive capital that is again purchased by intermediate
goods producers. The latter rent labor services from households, issue claims to financial
intermediaries to finance their capital acquisition, and produce differentiated goods that
are bought, re-packaged and sold by retail firms in a monopolistically competitive market.
Final goods producers buy those goods and combine them into a single output good. The
public sector is formed by a monetary authority that sets the risk-free nominal interest
rate and a government that conducts purchases of the final good and financial sector
policies. The government finances its operations by issuing debt to financial intermedi-
aries or by raising lump-sum taxes from households. The latter option is introduced as a
benchmark only, to gauge the impact of the interaction between financial frictions and the
financing of government expenditure. The intermediaries take funds from depositors that
are remunerated at the risk-free nominal interest rate. The problems of the individual

agents are discussed in detail in this section.

2.1 Households

There is a continuum of infinitely lived households with identical preferences and identical

asset endowments. Following Gertler and Karadi (2011), within each household there is



a fraction 1 — ( of workers that supply labor to firms and a fraction ( of bankers that
operate financial intermediaries. There is perfect consumption insurance within the family.
Households save by holding deposits at intermediaries that they do not own. Financial
intermediaries have finite life times, to exclude the self-financing equilibrium. Thus, at the
beginning of each period, with probability 1 — 6 an individual intermediary exits and with
probability # the intermediary continues operating. All profits are retained as capital,
there are no dividends. If the intermediary exits, the respective bankers become workers
and transfer all retained capital back to the household which owns that intermediary. Thus
every period (1 — #)¢ bankers become workers. To keep the relative proportions fixed, a
similar number of workers become bankers. New bankers receive a start-up transfer from
their household, as described below.

Household preferences depend on consumption and labor supply, with habit formation
in consumption as in Christiano, Eichenbaum, and Evans (2005) to capture consumption
dynamics. The objective of a representative household in period ¢ is to maximize expected

discounted utility

E Y Bllog(eris —ver1is) — (L4+9) 'hilf], Be€(0,1), vel0,1), ¢>0,
5=0

subject to the period-by-period budget constraint ¢; + d; + 7 < wihy + (1 + rf)dt_l + 2,
where ¢; denotes consumption of final goods, h; denotes hours worked, w; is the hourly
wage rate, d;_; are beginning-of-period deposits, d; are end-of-period deposits, r¢ is the net
real interest rates on deposits, 7; are lump-sum tax payments, and >, collects payouts from
ownership of both non-financial and financial firms, net of transfers given to household
members that enter as bankers at time ¢.4

The household’s decision problem is subject to a no-Ponzi game condition, and the
household takes wy, ré, 7;, ¥, prices, and its initial wealth endowment d_; as given. The

first-order conditions corresponding to the solution of the household’s problem are

Ct )\t = (Ct — /UCt_l)il — B'U (Etct+1 — ’UCt)il s (].)
]’Lt : hf = )\twt, (2)
dt . 1 = ﬂEtAt,t+l(1 + T'td_,'_l), (3)

where )\; denotes the Lagrangian multiplier associated with the budget constraint and

4Throughout, real (nominal) variables are denoted by lower (capital) letters, and variables without
time subscript denote non-stochastic steady state values.



Atiys = Aivrs/ A for s > 0. The budget constraint holds with equality since A\; > 0.

2.2 Financial intermediaries

Financial intermediaries are competitive and located on a continuum indexed by j € [0, 1].
The intermediaries use the deposits obtained from households to purchase claims issued by
intermediate goods firms and also government bonds. Intermediaries thus act as specialists
that assist in channeling funds from agents with a surplus of funds to agents with deficits
of funds, where the latter include the government. The need for the government to resort
to intermediaries is motivated by size arguments: bond issuance typically occurs in large
tranches that cannot be handled by small investors.

We model the intermediaries’ choice problems as a two-stage process. Each interme-
diary is operated by a bank manager (or bank board) who makes size decisions and a
portfolio manager (or portfolio department) who decides on the structure of assets. In
the first stage, the bank manager chooses the total amount of assets relative to deposits to
maximize the expected transfer to the household that owns the respective intermediary,
as in Gertler and Karadi (2011). Also following the latter, a moral hazard problem con-
strains the bank manager’s ability to obtain external funds. The moral hazard problem
gives rise to an endogenous leverage constraint: for given capital, total assets have to be
consistent with that leverage constraint if any external funding is to be raised (i.e. the
leverage constraint is best interpreted as a capital market participation constraint). In
the second stage of the intermediary problem, for a given portfolio size set in the first
stage, the portfolio manager chooses portfolio weights. He or she chooses the weights
maximizing the same objective function as the bank manager so the two-stage process is
internally consistent.

Total assets of intermediary j at the end of period ¢ are given by
Djt = qtsjt + 52,“

where S;?’t denote claims on intermediate goods firms by intermediary j that have the

relative price ¢; and that pay a net real return rfﬂ at the beginning of period ¢ + 1, and
i
beginning of period ¢ 4+ 1. The balance sheet of intermediary j thus looks as follows:

%, are intermediary j’s government bond holdings that pay a net real return 72 1 at the

Pit = dji + nje,



where d;; denote deposits by households at intermediary j and n;; denotes the inter-
mediary’s net worth. The latter evolves over time as the difference between earnings on
assets and interest payments on liabilities minus payments and costs (2 due to portfolio

adjustments:

i = (L4+70)pje — (1 + i) dje — Qwj)ngy,

where 77, is the net real portfolio return. We further define portfolio weights w;, =

qtsé?’t /pjcand 1 —w;, = sg,t /pjt, such that the ex-post gross portfolio return satisfies
1 + Tf = (1 + Tf)wjyt_l + (]. + 7’?)(1 - wj7t_1). (4)

The term Q(w,;)n;; above measures convex portfolio adjustment costs that are scaled
by the level of net worth. We introduce these costs to achieve stationarity, to be able to
use standard local approximation techniques. Such costs could come, for instance, from
fees that are incurred when assets are bought and sold on the market.® In the context of
our model, those fees are eventually paid out to households. The costs are scaled by the
level of net worth to allow for aggregation, as conducted below, motivated by the idea that
the total costs that an individual intermediary incurs on portfolio changes should depend
on the total scale of that intermediary’s operations. We apply the following functional
form:

Qz) = = (v — @)%, V(r) =w(r —w), w > 0, w e (0,1).
The adjustment costs are thus increasing in deviations of the portfolio weight w;; from a
long-run target w. The latter pins down the steady state portfolio weights and thus helps
to match steady state supply of government bonds and the steady state level of private

assets in the general equilibrium, as we show in Appendix A.

2.2.1 Bank manager

At the beginning of period t + 1, after financial payouts have been made, an individual
financial intermediary continues operating with probability 6 and exits with probability
1 — 0, in which case it transfers its retained capital to its household. The bank manager’s

objective in period t is therefore to maximize the expected value of discounted terminal

5The existence of costly portfolio adjustments is supported by aggregate estimates and micro evidence
of infrequent portfolio changes by U.S. stockholders (see Luttmer, 1999; Bonaparte and Cooper, 2009).



wealth:

o0

Vj,t =k Z(l - 9>9i/3i+1At,t+1+inj,t+l+i-

i=0

However, following Gertler and Karadi (2011), we assume that a costly enforcement
problem constrains the ability of financial intermediaries to obtain funds from depositors.
In particular, at the beginning of period ¢, before financial payouts are made, the bank
manager can divert a fraction A of total current assets, Ap;,. If that happens, depositors
can force the intermediary into bankruptcy to recover the remaining assets, but it is too
costly for the depositors to recover the funds that the banker diverted. Of course, in that
case the banker will forfeit V;,. Accordingly, for the depositors to be willing to supply
funds, the opportunity cost to the banker of diverting assets cannot be smaller than the
gain from diverting assets: the incentive constraint V;; > Ap;, must be satisfied.

It is straightforward to show that Vj,; can be expressed as follows:

Vj,t = UtPjt — 77tdj,t — O0tNjt,

with
v = BEN o {(1=0)1+700) +0x01001}, T = Pjas1/Piss (5)
e = BEN 1 {(1-60)(1+ Tfﬂ) + 0z 1M1}, Zepr = djps1/djg, (6)
o0 = BEMN1{(1—0)w;i) +0fiir10041}, fres1 = nju1/n (7)

Holding the other variables constant, the variable v, is the expected discounted marginal
gain of an additional unit of assets. The variable n; is expected discounted marginal gain
cost of another unit of deposits. The variable g; is the expected discounted marginal cost
of another unit of net worth conditional on portfolio changes.

We assume that the bank manager takes the expected returns and the portfolio weights
as given when deciding on the total size of assets. The Lagrangian of the bank manager’s
optimization problem is given by L = V;,+p1,(V;, — Apj.), where p; > 0 is the Lagrangian

multiplier associated with the incentive constraint. The first-order conditions are

pie ¢+ (L4 pe) (0 —m) — A = 0,
He - (Ut — N — >\) Pjt + (T]t — Qt) Mt Z 0.

The last condition holds with equality if p; > 0, otherwise it holds with strict inequality.
The condition for p;; yields u; = [A/(v; — ) — 1]7%. The multiplier is therefore strictly



positive if A > v; — n,. That is, the incentive constraint holds with equality if without
the constraint the banker has an incentive to divert funds obtained from depositors and
go bankrupt instead of continuing to operate with the additional funds. We assume that
the incentive constraint binds within a local region of the non-stochastic steady state and
verify that it does bind in the steady state in the calculations in Appendix A.

In the optimum, the total amount of intermediary assets is then tied to intermediary

net worth through the leverage constraint p;, = ¢;n;,, where

_ M — Ot
o= s 8

denotes the intermediary’s leverage ratio of assets over net worth. As indicated by (8),
a higher marginal gain from increasing assets v; supports a higher leverage ratio in the
optimum. A higher marginal cost of deposits 7, lowers the leverage ratio. Higher marginal

adjustment costs g; and a larger fraction of divertable funds \ also lower the leverage ratio.

2.2.2 Portfolio manager

The portfolio manager determines the asset structure of intermediary j’s balance sheet by
choosing portfolio weights to maximize the same objective as the bank manager, taking
as given the total size of assets p;; and the returns r; 41, @ =k, b, d. Using the portfolio

weights, the holdings of individual assets by intermediary j satisfy qtsﬁt = w;p; and

S?,t = (1—w,)pjs- The net worth of intermediary j can therefore be re-written as follows:

njerr = (L+rf)ash, + (L +r0)sh, — (L4 die — Qwj)nge,

= (Tf+1 - 7"g+1)wj,t10j,t + (Tf-&-l - Ttd+1)(1 — W)+ [1+ 7"?+1 — Qwj )]s

This expression can be inserted into the objective V;; from above, to be maximized over

w;+. The first-order condition looks as follows:
E(rf =1t Dpie = E(r, — e pje + w(wje — ©)ngy.
t\Tep1 = Tep1)Pjit t\Tep1 = Te41)Pjit jit jit
Dividing through by n;; and re-writing yields:
Ey(rfe — )00 = w(wyy — @). (9)

Accordingly, given the leverage ratio ¢, in the optimum the differential of the expected

returns on the individual assets, i.e. Ey(rf; —r?, ), is driven to zero with a speed that is
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inversely related to the marginal portfolio adjustment costs. Of course, a given leverage
ratio limits arbitrage: for given distance from w, a lower leverage ratio (smaller ¢;) will

lead to larger unarbitraged return differences.

2.3 Goods-producing firms

The production side of the economy is characterized by four types of firms that are all
owned by the households: (i) a continuum of perfectly competitive intermediate goods
firms indexed by i € [0, 1] that produce differentiated goods y; ¢, (ii) a continuum of mo-
nopolistically competitive retail firms indexed by f € [0, 1] that re-package intermediate
goods y;,; into retail goods yy,, (iii) a continuum of perfectly competitive final goods
producers that combine the intermediate goods into a single good 7, and (iv) a contin-
uum of competitive capital goods producers that repair depreciated capital and build new

productive capital.

2.3.1 Final goods producers

A representative final goods firm combines intermediate goods bought from retailers using
the technology y< /¢ = fol yj(f; D/eqf, where € is the elasticity of substitution among
intermediate goods. The final goods firm operates in a perfectly competitive market,
maximizing profits Py, — fol Py yypdf over input demands yy,, taking the retail prices
Py and the final goods price P, as given. The first-order conditions corresponding to the
solution of this problem yield input demand functions, yr, = (Pr¢/ )"y, for all f, and

an expression for the aggregate price level, P} ~¢ = fol P};edf :

2.3.2 Retalil firms

Retail firms buy intermediate goods y;; at the market price P;" and re-package those
goods into retail goods y¢; that are sold in a monopolistically competitive market. It
takes one unit of intermediate output to make a unit of retail output, i.e. ypy = ;4.
The nominal profit of retailer f in period ¢ is thus given by (Pr; — P/")yss. Following
Calvo (1983) and Yun (1996), in each period a fraction 1 — ¢ of firms can optimally
reset their prices, where 1) is exogenously given. A firm that can optimally reset its price
maximizes the expected sum of discounted profits. The stochastic discount factor for

nominal payouts to households is given by 8°A¢ ;1 s(P;/Prys), for s > 0. The relevant part

11



of firm f’s optimization problem is then as follows:

H]g?X E; Z(ﬁiﬁ)s/\t,ws(ﬂ/f’ms)[Pf,t — P ysiss
& s=0

subject to the demand function yp, = (Prs/ ;) “y. By symmetry, all optimizing firms will
set the same price P. Defining the relative price m; = P/"/P,, the first-order condition

is given by
7 _ € D720 (BY) Mys Pl o P My s
P, e—1 E, Ezozo (ﬂw)s )\t+sp1t€-|-_5113151_gyt+5

Defining further the relative price n; = P;/F; and the gross inflation rate m = P,/ Py,

the first-order condition can be re-written in recursive form as follows:

=, Zip=Amuy+ BYET B, Bap = My + BwEtﬂ—;:llEQ,t—l—l- (10)
Finally, by Calvo pricing, the aggregate price level evolves as follows (see Yun, 1996):
L= (1 =) (m) " +om . (11)

2.3.3 Intermediate goods producers

Intermediate goods firms produce differentiated goods that are sold in a perfectly com-

petitive market. Each firm ¢ has access to the following production technology:

Yit = at(gtki,t—l)ah;;a7 logzy = pylog 1 + €ay, pe € [0,1),

for 2 = a,& and with e, , ~ N(0,02). Here, a, denotes total factor productivity and &, de-
notes the quality of capital. Thus, &k;;—1 measures the effective quantity of capital usable
for production in period ¢t. The shock &; is meant to capture economic depreciation or ob-
solescence of capital and provides a simple source of variation in the quality of capital and
thus the value of intermediary assets in the general equilibrium (see Gertler and Karadi,
2011). Each period, firm i rents labor services h; ; at the wage rate w; from households and
finances its capital acquisition by obtaining funds from financial intermediaries. The tim-
ing is as follows. At the end of period ¢, the firm acquires capital k;; for use in production
in period t+ 1. To finance the capital acquisition, the firm issues claims s,ﬁt to intermedi-
aries equal to the units of capital acquired, which pay a state-contingent net real return
rf., at the beginning of period t41. The price of each claim is the relative price of a unit of

capital ¢;. After production in period ¢+ 1, the firm sells the effective capital that has de-
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preciated during that period, (1 —9)&41k; ., at the price g,;. Thus, firm 4’s real profits in
period ¢ are given by II; ; = mtat(ftki,t—ﬂahit_a+Qt(1 —8)&ki o1 — (1+r7)qerkip—1 —wihig.
Taking the relative output price m; and the input prices q;, ¥, and w; as given, inter-
mediate goods firms maximize FE; Zzio B°A¢ 44511 14s. The first-order conditions are as

follows:

hi,t oWy = (1 - Oé) mtyi,t/hi,t>
kiv © EBNiiq(1+ 7”1];1) = BNt i1 lomi1 iz /kie + @1 (1 — 0)&epa].

Perfect competition implies that each intermediate goods firm earns zero profits period
by period. Accordingly, the firms pay out the ex-post return on capital to the financial
intermediaries, which can be obtained by substituting out w; in the zero profit condition,
ie. IL;; = 0O:

ry =g\ [ameyie/ ki1 + @ (1 — 0)&] — 1.

Solving the last expression and the first-order condition for h;; for the factor demands

yields
hi,t = (1 - a)mtwt_lyi,t, ki,t—l = amt[Qt—l(l + rf) - Qt(l - 5)€t]_1yi,t~

Inserting the factor demands into the technology constraint then yields the following

expression for the relative intermediate output price:

my = a1 —a)*a; {wy g (1 + )& — a1 - 9)]"} (12)

2.4 Capital-producing firms

After production in period ¢, competitive capital producers purchase the stock of depre-
ciated capital, given by (1 — §)&k;—1, from the intermediate goods firms at the relative
price ¢;. The capital producers combine the depreciated capital with investment goods to
produce new productive capital, using an identical capital accumulation technology. The
newly produced capital is then sold back to the intermediate goods firms and any prof-
its are transferred to the households. A representative capital producer’s accumulation

technology is given by

kt = (1 - 6)§tkt71 + [1 -V (Lt)] it7 \I](Lt) = (/’t - 1)27 Y > 07 0 € [07 1]7 (13)

C S
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where 7; denotes investment expenditures in terms of the final good as a materials input,
with relative price unity, and W(-) are convex investment adjustment costs in ¢; = i;/1;_1.
The capitalproducer’s real profits in period ¢ are then around a fixed trend given by

qiki — q(1 — 6)&ky 1 — i;. The problem of the capital producer is then to solve
miax Ey Z 58At,t+s {qt—i-s[l - \I’(bt+s)] - 1} lits
i s=0

taking ¢; as given. The first-order condition is as follows:

@1 =V ()] — 1= quV' (0) + BEA 1 11Gr1641Y (641) = 0,

where W'(1445) denotes the partial derivative of W(-) with respect to ¢, for s > 0. Sub-

stituting out the functional terms, the price of capital is seen to satisfy

1 i 2 i (i i1 \? [
—:1—1(.—t—1) —L(.—t—1)+ﬁEtAt,t+1£ (il) ’Y(t.—ﬂ—l)- (14)
q 2 41 -1 \ Yt-1 4 & bt

2.5 Fiscal policy

The government conducts purchases of the final good and financial sector policies. Gov-
ernment purchases g, consist of a stochastic part g; plus a possible response to shocks to

the capital quality &:
g=g+s&G—¢, <<0, 1>0,

where g, follows an autoregressive process in logs around g. We introduce concurrent

u
g,t?

ahead of time, €7, ,, which results in the following process for government expenditure:

shocks that come as a surprise, €“,, and shocks that are pre-announced four periods
10g(3:/9) = pglog(ge-1/9) + €gs + €544, With g, ~ N(07U§,x) for z = w,a, py € [0,1),
and g > 0. The parameter ¢ determines the spending response to shocks to the quality
of capital. Below, this shock serves as the initiating disturbance leading to a financial
crisis. If ¢ < 0, spending increases during the crisis above its steady state value. If
¢ = 0, there is no government intervention. Through the parameter [, the response
occurs contemporaneously (I = 0) or with some lag (I > 0). Although it may seem
less appealing from a practical point of view than, for instance, an endogenous output
feedback, an exogenous feedback of this type makes the policy experiments conducted

below comparable by excluding second-round effects of induced output changes back into
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more government interventions.
We also allow for different kinds of government interventions in the financial sector.
In particular, we assume that the government is willing to provide funds n,; to financial

intermediaries according to a rule that is symmetric to the spending rule:
ngs=»(§—¢§), »<0, 1>0.

According to this rule, if s < 0, the government provides funds in the face of shocks
to the quality of capital, which can again occur contemporaneously or with some lag as
determined by [. If sz = 0, there are no government interventions in the financial sector.
In addition, we allow for the possibility that the funds provided in this way are repaid by

the intermediaries, where the period-t repayment 7, is specified as follows:
ﬁg,t == ﬁng,t_e, Y Z 0, € Z 1.

Hence, the size of intermediary repayments relative to the funds provided by the govern-
ment is determined by the penalty factor ¢: if ¥ = 0, the government makes a transfer or
“gift” to intermediaries, ¥ = 1 nests the case of a zero-interest loan, and if ¥/ > 1, the funds
need to be repaid at some positive (penalty) interest rate. Furthermore, any repayments
occur with some delay as determined by the parameter e.57

Let b,_1 (b;) denote the stock of government debt at the beginning (at the end) of
period t. We also make the assumption that the government can raise lump-sum taxes
from households as an alternative to raising funds through the banking sector. This
assumption is only introduced to provide a benchmark case where the government can
bypass financial fragility problems; this allows us to clearly show the impact of financial

fragility and intermediary deficit financing. The taxes follow the rule
T =T + Kp(be—1 — b) + Kg(gr — g) + Knngs, ky >0, Kg Ky, €[0,1], 7>0.

With x, > 0, this tax rule ensures fiscal solvency for any finite initial level of debt Bohn
(1998). The benchmark case that allows us to judge the effects of intermediary deficit
financing is introduced through the other two terms in the tax rule, with the parameters

kg and k,. For k, = 0 (k, = 0), goods purchases (financial sector policies) are fully

5The provision of funds through Ngt — Mg is similar to an equity injection by the government into
the intermediary sector; see equation (18) in Section 2.7.

"Similar types of policies have been implemented during the global credit crisis. For example, in
the Netherlands penalty interest rates up to 50 percent were charged on government loans to financial
institutions that were to be repaid after about three years.
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financed by deficits. For k, = 1 and &,, = 1, fiscal policy is entirely financed by lump-sum
taxes on households. The introduction of small distortionary taxes for debt repayment is
unlikely to change our main qualitative conclusions.

The period-by-period government budget constraint is then given by

by + 7+ Ngy =g +ng+ (1 + T?)bt—l- (15)

2.6 Monetary policy

To close the model, we assume that the monetary authority sets the risk-free nominal
interest rate on deposits ;' to stabilize inflation and output according to a Taylor rule of

the form
ry = (1= p)[r" + kn(m — T) + Ky log(ye/ye—1)] + prriy + vty Ky >0, Kp > 1,

with p, € [0,1) and &,;, ~ N(0,02). The parameter 7 > 1 stands for the inflation target.
The strength of the monetary authority’s reaction to fluctuations of inflation and output
is determined by the parameters s, and x,, where we have imposed the Taylor principle
as iy > 1 (Taylor, 1993). We also allow for an interest rate smoothing component in the
Taylor rule, where the strength of interest rate smoothing is controlled by the parameter
pr.2 The following Fisher relation then defines the ex-post gross real interest rate on
deposits:

L+l =1+ )m (16)

Notice that the model emphasizes the direct links of e.g. central bank lending rates to
intermediary funding rates by the choice of the deposit rate as the instrument for monetary
policy. The interest rate on government bonds is however endogenously determined in

the general equilibrium.

2.7 Aggregation and market clearing
2.7.1 Financial variables

Given the overall asset size, p;; = ¢n;,, and the asset structure of the balance sheets

. . . . . . . k . b o
of individual financial intermediaries, g;s7, = wj:m;; and s7, = (1 — wji)pinjy, the

8The specification of the Taylor rule uses the log deviation of current output from last period’s output,
to approximate the output gap that appears in the original version of Taylor (1993), following common
specifications in empirical macroeconomic models (e.g. Christoffel, Coenen, and Warne, 2008).
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evolution of intermediary j’s net worth can be re-written as follows:
N1 = (g — Ttd+1)¢t +1+ T1fl+1 — Q(wje)]nje,

which leads to the following expressions for growth rates of the various balance sheet

components:

ft,t+1 = nj,t+1/nj,t = (Tfﬂ - Tgﬂ)ﬁbt +1+ 7"21+1 —Q (Wj,t) )
Tit+1 = pj,t+1/pj,t = (<Z5t+1/<l5t) (nj,t+1/nj,t) = (¢t+1/¢t> ft,t+1;
fti+l = dj,t+1/d',t = (¢t+1 - 1) / (¢t - 1) (nj7t+1/nj,t) = (¢t+1 - 1) / (¢t - 1) ft,t-‘rlv

The portfolio problem of intermediary j further implies that the individual portfolio
weights are given by w;; = w '"Ey(rf, — rj,)¢ + ©. Substituting out the latter as
well as v, ny, and g; in the above terms, it follows that none of the components of ¢,
depend on individual factors. Thus, we also have that w;; = w; for all j.

The aggregate asset demands sf = fol sﬁtdj and s = fol S?’tdj then follow as
Qtsf = Wi PNy, 5? = (1 — wy) pyny, (17)

where n; = fol n; denotes aggregate net worth. Aggregate net worth n, is the sum of total
net worth of financial intermediaries that continue operating n., total net worth of newly
entering intermediaries n.;, and net transfers by the government, n,; — n,,. Total net
worth of continuing intermediaries is given by n.; = 0[(r} —ré)¢;_1 + 1+ —Qw;_1)]n_1.
To obtain an expression for n., it is assumed that new bankers receive a start-up transfer
from households equal to a fraction x/(1 — ) of aggregate net worth at the end of period
t—1, (1 —=0)n_1. Thus, n., = (x/(1 —0)) x (1 —0)ny—1 = xne—1. Accordingly, we have

ne = {0107 = )61 + 147 — (/D) (@1 — D)) + It + gy — fges (18)
Further, aggregate securities issued by intermediate goods firms to financial intermediaries
satisfy ¢, fol spdi = g fol sidj = q fol ki.di, or, using the market clearing conditions

si = fol stydi = fol sdj and ky, = fol ki ydi:
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Similarly, aggregate bonds issued by the government to financial intermediaries satisfy
b _
Sy = bt. (20)

The aggregate asset portfolio follows by integrating over individual portfolios:

1 1 1
Py = / piadi = qt/ sitdj +/ s?tdj = qsF + 8L (21)
0 0 0

Aggregate deposits follow by integrating over individual balance sheets:

1 1 1
dy = / djdj = / pjrdj — / njdj = pe — . (22)
0 0 0

2.7.2 Factor demands

Demand by final goods producers for each retail good is ys+ = yir = yi(Py+/P;) ¢, for all
f and all <. With y;, = yy,, the factor demands by firm ¢ are given by

hiy = (1 — @)muw; 'Yy, ki1 = amy(g_1(1+7F) — g (1 — 8y

The aggregate factor demands follow from the market clearing conditions fol hidi = hy
and [ iy 1di = ky_1:

he = (1 = a)mpw; g Ay, ki = amelga (14 7rf) = ¢:(1 = 0)&]  yeAy,
where A; = fol(PJgt /P,)~<df is a price dispersion term with the recursive form
Ay = (1 =) (m) "+ omd, (23)
see Yun (1996). Hence, the aggregate capital-labor ratio follows as
ki1 /he = (1 — @) wifgeo1 (1 +1ry) — qo(1 = 8)&] ™" = kyp1/huy. (24)

2.7.3 Aggregate supply

Integrating vy, ; = at(&ki7t,1)ah;t_a over 1, it follows that

! . ke \™ [ . _
/ at(ftk:w_l)ahit_adz = @& <;L—l) / higdi = ay(Eki—r)hy .
0 t 0
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Integrating v, = y(Prt/ )~ over f thenm yields output of the final good:
U = ay(Ehi) by~ (25)

2.7.4 Goods market clearing

Goods market clearing further requires that aggregate demand equals aggregate supply:

C+ i+ g = Ys- (26)

2.8 Equilibrium

The rational expectations equilibrium of this model is then the set of sequences {c;, hy, wy,
ity Kty Qes Yo, My, T, T 21ty Sag, At,Tf,Tf,Tf,Tf,wt,%ﬂlt, Ot ¢t7nt,5f75?7pt7dt7bt}t®io and
shadow prices {\:}22,, such that for given initial prices and initial values, a fiscal pol-
icy {ge,ngts Mgt Tt }2, @ monetary policy {r}}72,, and sequences of shocks {a, & }52,,
conditions (1)-(26), dropping the j subscripts for individual intermediaries where appro-
priate, and the transversality conditions are satisfied. This closes the description of the
model. The model is solved by a first-order perturbation around the non-stochastic steady

state which is derived in Appendix A.

3 Model analysis

3.1 Calibration

Table 1 lists the choice of parameters for the baseline version of the model. For compara-
bility with the existing academic literature we have chosen parameters that are commonly
used in similar DSGE models.? In particular, the calibration follows Gertler and Karadi
(2011). This concerns the subjective discount factor g, the degree of habit formation v,
the inverse Frisch elasticity of labor supply ¢, the elasticity of substitution among in-
termediate goods €, the Calvo probability of keeping prices fixed ¢, the effective capital
share in production «, and the investment adjustment cost parameter v. The parameters

in the monetary policy rule are set to conventional values.

9A large fraction of those parameters is based on attempts to match moments of U.S. data. We
do not want to imply that the mechanisms we discuss are particularly relevant to the U.S., given the
relatively small role banks play in U.S. debt markets. But the interaction between bank balance sheets
and sovereign debt has been at the core of the euro area crisis and is also relevant in most emerging
markets.
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Table 1: Model parameters

Parameter Value Definition

Households

15} 0.990 Subjective discount factor

v 0.815 Degree of habit formation

%) 0.276 Inverse Frisch elasticity of labor supply
Financial intermediaries

A 0.226 Fraction of assets that can be diverted

0 0.938 Survival probability of bankers

X 0.016 Proportional transfer to entering bankers
w 0.001 Portfolio adjustment cost parameter

Goods-producing firms

€ 4.176 Elasticity of substitution
P 0.779 Calvo probability of keeping prices fixed
Q@ 0.330 Share of effective capital in production

Capital-producing firms

) 0.079 Depreciation rate of effective capital

0% 1.728 Investment adjustment cost parameter
Policy®

Kb 0.020 Government debt feedback on taxes

Pr 0.800 Interest rate smoothing parameter

Ko 1.500 Inflation feedback on nominal interest rate
Ky 0.125 Output feedback on nominal interest rate

In addition, we take a conservative stance on the parameters that are specific to our
model: we use a small value for the portfolio adjustment cost parameter @ to limit the
impact of the adjustment costs on the dynamics to a minimum (cf. Footnote 12 below).
The value of the debt feedback on taxes kj, is chosen to have stability conditions satisfied
in both the version of the model with financial frictions and the version without financial
frictions and financial intermediaries (see Appendix B).

Following again Gertler and Karadi (2011), the steady state leverage ratio ¢ is set to
four to roughly match aggregate U.S. financial data. The steady state credit spread I' is
set to one hundred basis points to match the pre-2007 spreads of bank lending rates to risk-
free bonds. The average survival rate of bankers © = 1/(1 — #) is set to sixteen quarters
(thus smaller than in Gertler and Karadi, 2011) by calibrating the survival probability 6,

to make sure that the proportional transfer to entering bankers y is positive (see Appendix
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A). To roughly match U.S. macroeconomic data, the steady state ratios of investment and
government spending over GDP i/y and g/y are set to 20 percent, the latter by calibrating
J, and the ratio b/y is set to 2.4, which implies an annual debt-to-GDP ratio of 60 percent.

3.2 Effects of a surprise spending shock

We first examine the dynamics of the response to a surprise spending shock. Figure
1 shows the responses of selected variables to an unanticipated increase in government
spending (goods purchases) that is normalized to 1% of GDP on impact and that is per-
sistent with autocorrelation coefficient p, = 0.8. We consider the case of full intermediary
financing of the deficit, and, as a benchmark, the case of full household financing through
lump-sum taxes.! The figure also shows the impulse responses from a version of the
model without financial intermediaries at all, eliminating financial frictions altogether, as

L' This version of the model is described in Appendix B. Com-

another reference case.!
paring the Intermediary Financing (IF) case with Household Financing (HHF) shows the
impact of placing debt at already financially distressed banks; comparison with the No
Financial Frictions (NFF) case shows the impact of financial fragility per se, since there
are no leverage constraints in the NFF case.

In the NFF model without intermediaries, the spending expansion raises output one-
for-one on impact and afterwards the output effect decreases with the government spend-
ing impulse. However, in the model with intermediary financing (IF) of the spending
expansion, the output response is first of all much smaller on impact: the impact multi-
plier falls from 1.0 to 0.7 approximately. And second, the output response tails off much
more quickly; after about a year the within-period multiplier even turns negative and
stays so.

Underlying those effects are the funding pressures that are put on financial interme-
diaries by a deficit-financed fiscal expansion. The fiscal expansion raises both expected
interest rates through the associated tightening of intermediary balance sheet constraints
and intermediary balance sheet adjustments. The precise mechanism through which this
occurs is explained in Section 3.3 below. As a consequence of the rise in borrowing costs,
the demand for capital by intermediate goods firms and thus investment by capital pro-

ducers is crowded out: in the IF case investment goes down instead of going up as it does

10This variant is observationally equivalent to one where financial intermediaries would take de-
posits from households but face no leverage constraints on their financing of public debt, like in
Gertler, Kiyotaki, and Queralto (2012).

1Tn this variant of the model, borrowing rates co-move through arbitrage behavior by households that
choose between bonds and deposits, and the central bank sets the interest rate on bonds.
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Figure 1: Impulse responses to a surprise spending shock.

Note. Unexpected increase in government spending in quarter 0 (innovation ey ;) by 1% of GDP

relative to steady state.

in the HHF and NFF cases. The fall in investment is amplified by the financial acceler-
ator mechanism, like in Gertler and Karadi (2011): procyclical variation in intermediary
balance sheets amplify the negative effects. Falling investment leads to a falling price of
capital, which lowers intermediary net worth and thus further tightens intermediary con-
straints, which further raises borrowing costs such that investment falls by more, further
decreasing asset prices, and so forth. These effects feed through the whole economy as
falling wages discourage household labor supply and as the associated tightening of the
households’ budget constraints depresses consumption.

Interestingly enough, the spending expansion would be (admittedly slightly) more ef-
fective if it could be financed by households directly, with the government bypassing finan-

cial intermediaries, but with financial frictions in place for private financing needs. This
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can be seen by comparing the HHF case (no financial frictions for public debt but frictions
for private financing needs) with the NFF case where no financial frictions are present
at all. Under household financing, the intermediary balance sheet mechanism makes the
spending expansion comparatively more effective as the build-up of investment (which
occurs under household financing just like in the model without intermediaries) raises the
price of capital over time, which in turn eases intermediary balance sheet constraints. As
a consequence, an analysis of stimulus policies in a model like Gertler and Karadi (2011),
where banks face no leverage constraint on financing acquisitions of public debt but do
face such constraints on the financing of claims on the private sector, is likely to lead to
the conclusion that the benefits of such policies are enhanced by the relevant financial
frictions. The latter is the exact opposite of our results: in our IF case, financial frictions

reduce multipliers, eventually even reversing their sign.

3.3 Effects of a pre-announced spending shock

The intermediary balance sheet adjustments in interaction with leverage constraints that
are at the heart of our model become very clear when we look at the effects of a spending
increase that is pre-announced one year in advance. This experiment allows to distinguish
the relevant expectational effects from other more direct channels since the direct impact of
the spending increase arrives a full four quarters after the announcement. Everything that
happens before the actual increase takes place is uniquely driven by expectational effects.
The example should also be of substantial practical interest: moving from budgetary plans
to implementation takes about a year in most countries.

Figure 2 shows the response of the economy to news in quarter 0 that spending is
going to increase by 1% of GDP in quarter 4. The results show that with intermediary
financing of public debt, output falls immediately after the announcement of the spend-
ing expansion. The diagrams also highlight the relevant channel: a substantial decline
in investment in anticipation of the future tightening that deficit financing will bring.
Under direct household financing bypassing the intermediary sector, the spending expan-
sion announcement would have almost no effect on output after the news but before the
implementation.

The underlying mechanism is revealed by a closer look at the impulse responses of
a second set of variables to the same shock that are shown in Figure 3. A first effect
works through a tightening of intermediary balance sheet constraints. The expected
future increase in government primary deficits due to the upcoming spending expansion

implies higher expected growth rates of bonds and total assets. The intermediaries have
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Figure 2: Impulse responses to a pre-announced spending shock I.

Note. Announcement in quarter 0 (innovation 5Z’t) that government spending is going to increase
by 1% of GDP relative to steady state in quarter 4.

an incentive to accumulate assets due to a rise in the expected discounted marginal gain of
assets. This incentive, however, tightens leverage constraints as indicated by a strong rise
in the associated Lagrangian multiplier. The latter restricts intermediary asset demand
and raises the costs of credit to both the government and intermediate goods firms during
the announcement period (i.e. it raises credit spreads).

A second effect works through intermediary portfolio adjustments. Rising spreads
discourage investment and lower the price of capital. Everything else equal, the fall in the
price of capital enhances the rise in the expected return on capital. Intermediaries thus
shift their portfolios into assets with higher expected returns, i.e. claims on intermediate
goods firms. The associated fall in the demand for bonds reduces the implicit bond price

and raises the ex-ante nominal interest rate on bonds. The expected real rate on bonds
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Figure 3: Impulse responses to a pre-announced spending shock II.

Note. See Figure 2.

increases, which adds to the rise in the expected overall portfolio return. The increase in
the expected portfolio return further enhances incentives to accumulate assets and thus

reinforces the first effect discussed above.'? Notice that the fall in the demand for bonds

is only consistent with an equilibrium if the ex-post real interest rate on bonds falls given
a fixed initial supply of bonds by the government. Hence, a planned fiscal expansion in
this environment might give an impression of further fiscal space due to low interest rates
when, in fact, there is none. Once the expansion takes place output shoots up to give the

arguably misleading impression that it is actually effective, albeit only for a short time.

2The portfolio shift into claims tends to dampen the rise in the expected return on capital. With
higher portfolio adjustment costs, this dampening effect becomes weaker and the crowding-out effect
stronger. By allowing for low adjustment costs, our results thus rather fall on the conservative side.
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3.4 Financial crisis and policy responses

We now analyze the effects of alternative government policy interventions during a sim-
ulated financial crisis. The financial crisis itself is simulated through a negative shock
to the capital quality parameter &, like in Gertler and Karadi (2011), by five percent on
impact with autocorrelation coefficient p¢ = 0.66. This shock triggers a response similar
in terms of type, magnitude, and duration to the recent crisis. Other initiating shocks are
conceivable but the specific type of shock is irrelevant for the qualitative implications of
the analysis that follows. Also, and following Gertler and Karadi (2011), we assume that
the monetary authority reduces its tendency to smooth interest rates in the face of the
shock, to capture the notion that monetary policy tends to be more aggressive during a
financial crisis.'® As seen in the figures below, absent any government intervention (the
black solid line), the deterioration in intermediary asset quality produces a sharp recession
with a peak output decline of more than five percent, as intermediary net worth drops
and credit tightens, leading to a sharp rise of the credit spread. Investment initially drops
sharply and takes more than two years to recover; as a consequence, output takes more
than four years to reach pre-shock levels again.

We consider the following government policies in response: (i) an immediate deficit-
financed spending stimulus; (ii) a similar stimulus, but four quarters delayed; (iii) immedi-
ate transfers to intermediaries; (iv) delayed transfers; (v) zero-interest loans with delayed
repayment; also to intermediaries (vi) loans to intermediaries at penalty interest rates;
(vii) and finally as a set of benchmarks, partly and fully tax-financed spending stimuli.'*
This set of policies helps elucidating the structure and implications of the model presented,
but also suitably captures the main fiscal measures applied during the recent crisis. The
policies are either financed by issuing bonds to intermediaries or, to establish a benchmark
against which to judge the impact of deficit financing under financial fragility, by raising

lump-sum taxes directly from households without resorting to the intermediaries.

3.4.1 Fiscal stimulus after a capital quality shock

Figure 4 illustrates the effects of a countercyclical, persistent spending stimulus of two
percent of GDP that occurs immediately when the shock hits. The results show that the

deficit-financed demand stimulus dampens the initial decline in output by more than one

13The smoothing parameter p, in the Taylor rule is reduced by half but not more so that non-negativity
constraints on nominal interest rates remain satisfied.

14To make the results comparable, the different policy measures are scaled to have the same size relative
to GDP on impact by adjusting the feedback parameters ¢ and s accordingly.
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Figure 4: Crisis policy I — immediate spending stimulus.

Note. Initiating shock is unexpected decline in the quality of capital by five percent relative to
steady state in quarter 0; autocorrelation coefficient p¢ = 0.66.

percentage point relative to the no intervention case. But after about a year, the fall in
output turns slightly stronger than without government intervention, and it remains more
negative afterwards. This effect is due to a larger fall in investment. This further decline
in investment is caused by the additional rise in the credit spread due to the tightening of
leverage constraints because of the increased government borrowing. The fall in invest-
ment and a larger decline in consumption (due to a higher future tax burden) eventually
more than offset the initial output gain from the additional government spending.

What happens if the spending stimulus occurs relatively late during the recession? In
Figure 5 the policy is implemented with a delay of one year after the initial shock occurs,
but fully anticipated. This is by far the more likely case in practice, if only because of
standard budget approval and implementation procedures. With this added delay, the

deficit-financed stimulus is actually counterproductive: the fall in output is amplified. The
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Figure 5: Crisis policy II — delayed spending stimulus.

Note. See Figure 4.

peak decline in output now reaches almost six percent. The reason is that credit tightens
immediately in the face of the upcoming spending expansion, as discussed in Section 3.3.
A similar fall in investment as under an early fiscal expansion thus takes place, but the
actual stimulus arrives later, so the initial decline in output is further amplified instead
of partially offset.

Notice that in both cases the stimuli would be more effective if the leverage constraint
can be bypassed, as in the benchmark HHF (household financing) case. The reason for
this result is similar to the discussion in Sections 3.2 and 3.3, in the HHF case credit

conditions do not tighten and private sector investment is not crowded out.
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No Government Intervention — — = Intermediary Financing (IF)

Note. TII: immediate transfers; IV: delayed transfers; V: zero interest loans with delayed repay-
ment; see Figure 4.

3.4.2 Financial sector support measures

Consider next the effects of financial sector support measures, in the form of transfers to
intermediaries under various assumptions about repayment terms. The responses of the
credit spread Ey[ry,; —rf, ;] and output under pure transfers, immediate or delayed by one
year, and zero-interest loans with delayed repayment after one year are shown in Figure
6. The charts in the first two rows show that immediate pure transfers moderate the
recession. Delayed pure transfers do that also, even before their actual implementation,
because of the forward-looking character of the intermediary constraints. In both cases,
the transfers dampen the rise in the spread by raising intermediary net worth.

The third row considers the case of zero-interest loans that are repaid after four quar-
ters. According to the results, such loans are not effective in dampening the crisis under

deficit financing. In the benchmark case of household financing, however, the loans would
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Figure 7: Crisis policy VI — loans at penalty interest rates.

Note. See Figure 4.

be effective in reducing the output loss.

We can also go a step further and look at loans that need to be repaid at penalty
interest rates. Figure 7 shows the dynamics due to the capital quality shock when the
loans need to be repaid after sixteen quarters, at zero interest or at one hundred and two
hundred percent penalty rates.!> The figure also shows the dynamics without government
intervention as the reference case. The dynamics of the cases with different repayment
rates have some surprising characteristics. The downturn is dampened during the initial
quarters, and, surprisingly, the more the higher the repayment, but around the time of the
repayment the recession actually worsens, in a double-dip fashion, and the more so the
more stringent the repayment conditions: the second dip is larger the larger the repayment

requirements. The credit spread shows spikes around the time when the repayments are

15The delay of sixteen quarters is chosen because at that point the crisis is arguably over, thus moti-
vating repayment of temporary support measures.

30



due in the four different cases.

It may seem odd that the initial output response to the crisis is more dampened the
higher the eventual repayment penalty rate. The reason is the more pronounced future
credit tightening anticipated to take place around repayment dates with higher repayment
penalties. Capital producing firms anticipate the future tightening of credit conditions
and the associated future fall in the price of capital. The capital producers therefore
increase their initial investment, given relatively higher resale prices, which leads to an
accelerated rise in the price of capital that eases balance sheet constraints on financial

intermediaries and thus tends to dampen the initial crisis.

3.4.3 Output gains from government policies

Can the initial stabilizing effects during the crisis potentially suffice to generate overall
output stabilization gains from high penalty rate loans? Figure 8 plots measures of output
gains against the penalty factor in loan repayment, which occurs after sixteen quarters in
all cases. The four charts show the impact responses, the minimum responses, and the
undiscounted and discounted cumulative responses of GDP under both deficit-financed
loans (IF, dashed lines) and household-financed loans (HHF, dashed-dotted lines) relative
to the case of no intervention (solid lines).'® The loans are again scaled to two percent of
GDP. According to the impact and minimum responses, under both intermediary deficit
financing and household financing, providing liquidity is an effective means to dampen
the crisis recession for all values of the penalty factor considered. The reason is that
some of the output loss is shifted towards later periods by the extension of loans at high
interest rates to the banking sector, due to (the anticipation of) rising credit spreads and
thus falling investment at the time of the repayment. However, both undiscounted and
discounted output gains are actually negative in the case of intermediary finance. But
without the increasing financial tightness that intermediary financing leads to, even very
large penalty factors would still bring overall cumulative stabilization gains! Under inter-
mediary financing, on the other hand, there are no overall stabilization gains according
to both cumulative measures considered.!”

Summing up, a straightforward analysis of financial sector policies in a model similar to

Denote as ¢, the percentage deviation of output from its steady state value at horizon k =
0,1,2,...,T with the government intervention. The measures are calculated as follows: impact responses
Jo; minimum responses ming ¢x; undiscounted cumulative responses Zfzo Uk; discounted cumulative
responses Zf:o B*ix, where 3 is the household subjective discount factor. We set 7' = 1000.

"The kink in the upper right chart is due to the fact that at that point, for relatively high penalty
factors, the output drop at the time of the repayment turns larger than the minimum response during
the crisis.
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Figure 8: Output gains from penalty-rate loans.

Note. Crisis experiment as in Figure 4; 2% of GDP initial loans with delayed repayment at
penalty rates; penalty factor z: 100 X (z — 1) percent penalty interest rate.

Gertler and Karadi (2011), without intermediary financing of government deficits, could
lead to a rather odd conclusion: overall output stabilization gains are possible when
temporary support measures are repaid after some time at huge penalty rates. When
considering deficit financing by intermediaries, however, the relatively small overall gains
from deficit-financed policies should lead to more cautious predictions, more in line with
common sense intuition.

As a final step, we examine stabilization gains from demand stimulus as well as trans-
fers to intermediaries depending on the degree of deficit financing as determined by x4, and
kn. This final experiment serves to compare whether there is some critical point at which
the benefits from these policies surpass the costs due to the tightening of intermediary
constraints, in view of the core question of this paper. According to the results in Figure

9, both measures are least effective under full deficit financing. Transfers, hypothetically
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Figure 9: Output gains from stimuli and transfers under mixed financing.

Note. Crisis experiment as in Figure 4; 2% of GDP initial spending stimuli; degree of tax
financing x: 100 x x percent household financing, 100 x (1 — x) percent intermediary financing.

perhaps, can bring stabilization gains even under full intermediary deficit financing. How-
ever, already for moderate degrees of household financing above 20 percent, the stimulus
is also able to dampen the recession (cf. the minimum responses) and moderate the overall
output loss (cf. the cumulative responses). This result again emphasizes the importance
of taking the precise financing mode of fiscal policy into account when deciding on policy

measures in a situation of financial distress.

4 Related empirical evidence

This section provides a brief review of the empirical evidence that is relevant to our
study. The related evidence can be grouped into (a) results from fiscal VAR studies on

the effects of government spending or goods purchases, in particular on private investment,
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(b) findings of cross-sectional studies that investigate the impact of financial sector policies
and fiscal stimulus during financial crises, and (c) results from empirical studies looking
at the effects of fiscal finances on interest rates.

Among the first group of studies, both structural VAR (SVAR) methods and event-
study approaches point towards negative effects of government spending on private in-
vestment. On the SVAR side, Blanchard and Perotti (2002) find that investment is
consistently crowded out by government spending shocks in the U.S. over the period
1960Q1-1997Q4, with a peak decline of up to one percent due to a 1% of GDP spending
increase. Using a yearly panel VAR on 18 OECD countries over the period 1960-1996,
Alesina, Ardagna, Perotti, and Schiantarelli (2002) also find a sizable negative effect of
public spending (particularly public wages) on investment, a one percentage point in-
crease in the primary spending-to-GDP ratio leading to a fall in the investment-to-GDP
ratio of 0.15 percentage points on impact and to a cumulative fall of 0.74 percentage points
after five years. On the side of event studies, identifying spending shocks based on war
dates and professional forecasts, Ramey (2011) finds that after a positive defense news
shock in the U.S. both non-residential and residential investment fall significantly, with
peak effects of up to -1 percent (non-residential investment) and -1.5 percent (residential
investment). Shocks identified based on professional forecast errors over the period 1969-
2008 indicate even stronger falls of -1.5 percent and -3.5 percent, respectively, as well as
a medium-term decline in output.

Our model predicts stronger crowding-out effects of spending-based fiscal expansions
on investment than most of the above VAR studies (see Figures 1 and 2)."® The quali-
tative predictions are however similar. The quantitative differences should not come as a
big surprise as the model mainly describes business cycles in times of financial distress,
whereas the above studies look instead at sample averages also including “normal”times.
So the results reported in Mulas-Granados, Baldacci, and Gupta (2009) are possibly more
relevant. They estimate the effects of fiscal policy interventions during 118 episodes of
banking crises in a cross-section of developed and emerging countries. In line with our re-
sults of Section 3.4, they find that financial sector policies can shorten such crises whereas
fiscal stimulus going along with such policies can have stabilizing effects, but not for coun-
tries where fiscal policy is subject to funding constraints. A similar conclusion is reached
by Ilzetzki, Mendoza, and Végh (2010); based on a quarterly dataset for 20 developed and
24 developing countries over the period 1960-2007, they find that during episodes where
government debt was higher than 60% of GDP, spending multipliers are not statistically

18The fall in investment in Figure 1 implies a 0.41 percentage points decline in the investment-to-GDP
ratio on impact and a cumulative fall of approximately three percentage points after five years.
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different from zero on impact and negative (and statistically significant) in the long run.

Finally, a recent study on the effects of fiscal finances on interest rates has been con-
ducted by Laubach (2009), who estimates the effects of U.S. government debt and deficits
on Treasury yields, isolating those effects from other factors affecting interest rates (e.g.
due to countercyclical monetary policy and automatic fiscal stabilizers) by focusing on the
relation between long-horizon expectations of both interest rates and fiscal variables. Ac-
cording to Laubach (2009), the idea is that measures of expectations hold out the prospect
of uncovering causal effects from fiscal variables to interest rates. Laubach (2009) con-
cludes that the effects of fiscal variables on interest rates are statistically significant and
economically relevant; in particular, for the period 1976-2006 an increase in the projected
deficit-to-GDP ratio by one percentage point raises forward rates five and more years into
the future by about 25 basis points. This result is in line with our findings shown in
Figures 1 and 2. Other related studies also tend to find statistically and economically
significant effects of deficits on interest rates (see Canzoneri, Cumby, and Diba, 2002;
Elmendorf, 1993; Wachtel and Young, 1987).

5 Conclusion

After a wave of calls for fiscal stimulus to lift distressed economies out of the recession
induced by the global financial crisis, economic growth did pick up after the implemen-
tation of large fiscal stimulus packages in the U.S., China and Western Europe. Many
observers concluded that the fiscal stimuli were effective; see, for instance, Romer (2009)
or Romer and Bernstein (2009), and also CBO (2009), IMF (2009), and OECD (2009).
However, despite reduced credit spreads and diminishing job losses, the recovery turned
out to be less robust than originally hoped, also in the U.S. where, at least in absolute
size, the largest package was adopted (see Mankiw, 2009). Doubts about the impact of
the implemented policies have started to come up and many observers have asked why
the stimulus was not more effective (e.g. Adams and Gangnes, 2010).

Our model provides one possible answer to this question. Key to our answer is the
fact that it takes time to implement announced measures: in the case of the U.S.; it took
more than one year between the first plans for fiscal stimulus (cf. Summers, 2008) and the
enactment of the American Recovery and Reinvestment Act of 2009. Our results suggest
that an announced but delayed stimulus of this type can appear to be effective once it
occurs, lowering credit spreads and raising output growth. However, the announcement

of the stimulus will deepen the crisis before the implementation of any measures has taken

35



place. Moreover, our analysis suggests that after its direct demand effects are realized,
a stimulus package will be followed by lower medium-term growth than without any
government interventions.

At the core of our analysis are interactions between frictions in the banking system
and the placement of public sector debt. Bank holdings of public debt are very important
in most emerging market economies and are playing an increasingly crucial role in the
macroeconomics of the euro area. We extend the recent literature on the macroeconomic
impact of leverage constraints on banks (see, in particular, Gertler and Karadi, 2011;
Gertler, Kiyotaki, and Queralto, 2012) by introducing portfolio choice for banks, who in
our setup can hold both public debt and claims on the private corporate sector. This
introduces a new crowding-out channel if leverage constraints apply to all their assets,
and not just to the financing of claims on the private sector as in Gertler and Karadi
(2011) and Gertler, Kiyotaki, and Queralto (2012).

Our analysis supports the notion that even a timely conceived but slowly implemented
stimulus can have undesirable crowding-out effects up front that may in fact be large
enough to eventually offset its desired impact altogether. We highlight in this paper
a channel through which more than one-for-one crowding out may happen that is very
different from the example on the unavoidability of distortionary taxation, another mech-
anism through which crowding out of government expenditure can occur that has been
stressed in the literature.!®

If fiscal stimuli are less effective than commonly thought, what can governments do
to stabilize the economy in times of financial distress? Our results confirm that financial
sector policies can be effective tools but caution that there a lot depends on the way
they are financed. We show that it makes a great deal of difference whether liquidity is
provided through straight transfers (or the taking of equity stakes) or alternatively are
financed through loans to the intermediaries that are supported. Governments may choose
not to make transfers (for state support or moral hazard concerns), and/or may decide
against taking equity stakes, possibly for ideological reasons; that leaves the alternative
of providing funds in the form of loans. We show that if that route is chosen, the ensuing
dynamics can be quite complex and possibly perverse. An important condition for loans
to intermediaries to be effective is that repayments are agreed to occur with a significant
delay. If they need to be repaid relatively early, the anticipation of the funding pressures

that financial intermediaries will face once repayment is due may offset the positive impact

9See, for instance, Drautzburg and Uhlig (2011), or Coenen, Erceg, Freedman, Furceri, Kumhof,
Lalonde, Laxton, Lindé, Mourougane, Muir, Mursula, de Resende, Roberts, Roeger, Snudden, Trabandt,
and in 't Veld (2012).
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of the initial liquidity infusion. And even if repayment periods are long enough, we show
that very high penalty rates of interest may still offset the positive impact of the bailout:
short-term stabilization gains can then be followed by a negative dip around repayment
dates that is larger when the repayment penalty is more punitive.

Finally, we would like to emphasize that the model discussed in this paper high-
lights specific mechanisms that we consider most relevant for an analysis of government
policies in times of financial distress, while neglecting other well-known macroeconomic
interventions, such as tax cuts, boosts to public investment plans, transfers to liquidity-
constrained consumers, labor market policies, and so forth. These other policies are
however well-studied by now, and extensions of our model into that direction are unlikely
to change our main conclusions or to add much understanding to the key mechanisms

highlighted in this paper.
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Appendix

A Steady State Solution

This appendix derives the solution for the non-stochastic steady state of the model and
shows that the incentive constraint is binding in the steady state. For simplicity, the
solution is derived for a zero inflation steady state. This is achieved by setting the target
inflation rate in the monetary policy rule accordingly, i.e. @ = 1; the Taylor rule then
implies that 7 = 1. The steady state real interest rate on deposits and the steady
state risk-free nominal interest rate then follow from the household’s consumption Euler

equation and the corresponding Fisher relation:
rd =7t —1, =,

Further, by the capital producer’s first-order condition, the relative price of capital equals
one in the steady state: ¢ = 1.

To solve for the variables that are determined by the financial intermediaries’ problem,
we guess and verify that there is an equilibrium with 7% — 74 = v — ¢ =T > 0. We
also take as given the total leverage ratio ¢ by calibrating y, the average survival time
of bankers ©® = 1/(1 — ) by setting § = (© — 1)/© and the interest rate spread I'

by calibrating A\. As r* = 7°, we then obtain from the portfolio manager’s first-order

d k

condition that w = @. Given r?, we also obtain 7* = r? + T and r* = r*. From the

equation for r?, it follows that ? = r*. We further obtain
B —0)(1+17) BL—0)(1+r7)

—= —= —= )\:
Q 07 v ]_—/89 Y T] 1—/89 Y U+

We also have
x=1-0T¢+1+r%.

Next, we see that the incentive constraint indeed binds in the steady state, because

A—v+n=n/6=>0-0B1+r)s " (1-68)"">0.

We now solve for the production allocation. From the price setting equations, for a

zero inflation steady state, we have

T=A=1 S=mll-pv)",  S=My(l-BY)
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such that =Z;/Z; = m. The first-order condition of the intermediate goods firms’ price-
setting problem therefore implies that m = (¢ — 1)/e. As A =1 and a =¢ = 1, we will
use that steady state final output is y = k*h!~®. Further, the steady state real wage can

be derived from the marginal cost equation, given ¥ and m:
w=[a®(1 — &) " m(r* 4 §) "],
The capital-labor ratio is then
k/h = a(l —a) twrt +6)7"
By the resource constraint, the steady state ratio of consumption over output is
c/ly=1—i/y—g/y,

where i/y and g/y are taken as given. The household’s remaining first-order conditions

for consumption and hours worked then imply that
A= (1= o)l =v)(c/yl™,  h={1- Bl -uv)(c/yy "}, (A1)
Steady state final output then follows from y = (k/h)*h, or
y = (k/I) 2 {(1 = Bojwl(1 - v)(c/y)] '} 7.

such that A and h can be computed from (A.1). Steady state consumption, investment,

and government spending are thus

c=(/y)y, i=0/y)y,  g=1(9/v)y.

The government spending process can then be specified such that ¢g/y can be taken as
given, as it was assumed above, by setting g = g. The capital accumulation equation
furthermore implies that i/k = . Steady state investment therefore satisfies ¢ = d(k/h)h.

The steady state ratio of investment over GDP is thus
iy =6(k/h)(h/y) = 5(k/h) = §[a(l — a) tw(r® +6) 7 = dam(rF +6)7".
Solving the last equation for ¢ yields

& = 1" (ify) (am —i/y)~".
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Hence, 0 can be calibrated such that i/y can be taken as given, as it was assumed above.
The steady state capital stock then follows from the capital accumulation equation: k =
i/6. Given k, we obtain the steady state level of claims on non-financial firms by financial
intermediaries from the market clearing condition: s* = k. On the fiscal side, we take the
steady state ratio of government debt over GDP b/y as given by calibrating the steady

state level of taxes 7, such that
b=(/y)y, T=g+7r'.

To equalize the demand for government bonds by financial intermediaries s’ and bond

* we calibrate @ accordingly, as w = @ and s°/(1—w) =

supply by the government b, given s
¢n = s*Jw, or

w=(s"/s")(1 + s*/s")7".

Given b, we thus obtain the steady state level of the intermediaries’ government bond
holdings from the market clearing condition: s® = b. The remaining financial variables

then follow as
n=s"(we)™", p=on, d=p—n.

B The Model without Financial Frictions

This appendix describes the version of the model without financial frictions and finan-
cial intermediaries. In this model, there are no bankers and households are thus formed
entirely by infinitely lived workers with mass unity. Households save by investing in gov-
ernment bonds and by purchasing claims issued by intermediate goods firms. Accordingly,

the budget constraint of a representative household becomes
e+ 80+ st + 1 < whg + (L+rD)sb |+ (1- ?k) (1+rM)g_isf | +2,.

We have introduced a flat-rate tax on capital income 7% whose function is discussed below.
With A; ;41 as in the main text, the first-order conditions for the household’s choices of

s? and sf are

st o L=BEN (14 77,), (B.1)
s 1= BEN11(1 — (1 + rf+1). (B.2)

40



As in the main text, the monetary authority sets the risk-free nominal interest rate r'. A

Fisher relation defines the ex-post gross real interest rate on government bonds:
L+rb =1+ Dr 7t (B.3)
On the fiscal side, the government budget constraint becomes
b+ 7+ 71+ 1) q st | =g+ (1 +10)by. (B.4)

The rational expectations equilibrium of this model is then the set of sequences {¢;, hy, wy,

Bty Kty Qs Yoy Mgy T TF 5 21ty Do, Ag, 78,10 88 880,190 and shadow prices {\; }52,, such that
for given initial prices and initial values, a fiscal policy {g:, 7}:°,, a monetary policy
{r}s2,, and sequences of shocks {a, & }52,, conditions (1)-(2), (10)-(14), (19)-(20), (23)-
(26), (B.1)-(B.4), and the transversality conditions are satisfied. The tax 7" is calibrated
such that this model implies the same steady state values for the relevant variables as the
model with financial intermediaries, to make the impulse responses shown in the main text
comparable. In particular, as r? replaces the deposit rate r¢ in this model, without any
adjustment there would be no steady spread between 7 and r?. This means that steady
state capital, investment, output, etc. would be higher than in the model with financial
intermediation. To address this issue, we take a steady state that satisfies 7¥ = r® + T,
with I' > 0 as in the main text and r* = " = 87! — 1, and we calibrate 7* to generate
this spread. In particular, (B.1)-(B.2) imply that

L+ =1 -1+ =1 =71 +r"+ 1),

or
F=TA+r"+I) >0.

For a small spread, 7* will be small enough not to have a significant impact on the
dynamics. In addition, we need to change the calibration of 7 to have identical values for
the fiscal variables:

_ by —k ky k

T=g+71b—7(1+1r")s".

The steady state calculations for the remaining relevant variables and parameters are

identical to those described in Appendix A.
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