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Non-technical summary

Research Question

Asset purchase programmes have been introduced by several central banks in the past
years as additional policy measures designed to support real economic activity by pushing
down medium- and long-term interest rates. In the literature there is evidence that the
slope of the yield curve is positively related to bank profitability. From this point of view,
government bond purchases have the potential to undermine profits in the banking sector.
However, a lowering of long-term rates is also transmitted to the borrowing conditions of
non-financial firms, supporting their financial health. The aim of this paper is discuss how
government bond purchases affect the financial health of non-financial firms and banks in

a general equilibrium setting.

Contribution

This paper investigates the effects of government bond purchases in a general equilibrium
environment in which both non-financial firms and banks are leverage-constrained. Previ-
ous theoretical studies on quantitative easing have focused on affecting consumption and
savings decisions, or funding conditions of capital production where funds are intermedi-
ated by a banking sector. For the latter, the balance sheet channel is often seen as an
important channel through which bank equity is built up. In the present model, loans
priced at par dominate in banks’ balance sheets, which is why a balance sheet channel is of
minor importance. Furthermore, the introduction of a leverage-constrained non-financial
sector allows an investigation of the importance of this constraint for the effectiveness of

government bond purchases.

Results

My results show that the distinction between two leverage constraints is important, as the
financial health of non-financial firms is positively affected by government bond purchases
through a reduction in borrowing conditions, while that of banks deteriorates in the
medium run after a short-lived improvement. The latter happens because banks’ profit
margins drop as a result of lower returns on assets. However, the net effect of government
bond purchases on real economic activity is positive. This is particularly true if the

non-financial sector is faced with large financial frictions.



Nichttechnische Zusammenfassung

Fragestellung

Wertpapierankaufprogramme wurden in jlingster Zeit von diversen Zentralbanken weltweit
zur Unterstiitzung der realwirtschaftlichen Aktivitat iiber die Reduzierung langfristiger
Zinsen eingefiihrt. In der Literatur gibt es Evidenz dafiir, dass die Steigung der Zinsstruk-
turkurve in einem positiven Zusammenhang zur Profitabilitdt von Banken steht. Folglich
konnen Staatsanleihenkiufe das Potential entfalten, die Gewinne im Bankensektor zu re-
duzieren. Ein Riickgang der langfristigen Zinsen soll jedoch auch einen positiven Einfluss
auf die Finanzierungsbedingungen von nicht-finanziellen Unternehmen ausiiben. Das Ziel
dieses Papiers ist es, in einem allgemeinen Gleichgewichtsmodell zu untersuchen, welche
Effekte Staatsanleihenkéufe auf nicht-finanzielle Unternehmen und Banken haben, wenn

beide Kreditbeschrankungen unterliegen.

Beitrag

Bisherige theoretische Studien {iber Kaufprogramme konzentrieren sich zumeist entweder
auf die Beeinflussung von Konsum- und Sparentscheidungen oder betrachten die Fi-
nanzierungsbedingungen von Investitionsprojekten, wobei die finanziellen Mittel bei letz-
terem durch einen Bankensektor bereitgestellt werden. Als ein wichtiger Transmissions-
kanal im Bankensektor wird hierbei der Bilanzkanal gesehen, bei dem iiber den Anstieg
der Vermogenspreise auch das Eigenkapital der Banken gestiitzt wird. Im vorliegenden
Modell dominieren hingegen Buchkredite in der Bilanz der Banken, wodurch dieser Kanal
eine untergeordnete Rolle spielt. Die Betrachtung einer zusatzlichen Kreditbeschrankung
im nicht-finanziellen Sektor erlaubt dariiber hinaus einen weiteren wichtigen Aspekt der

Transmission von Staatsanleihekaufprogrammen zu untersuchen.

Ergebnisse

Die Ergebnisse zeigen, dass die Beriicksichtigung von zwei Kreditbeschrankungen zur
Beurteilung von Staatsanleihekdufen relevant ist. Wéahrend sich die Finanzsituation von
nicht-finanziellen Unternehmen verbessert, steigt der Verschuldungsgrad nach einem kurz-
fristigen Riickgang im Bankensektor mittelfristig an. Die Ursachen von Letzterem sind
in einem Riickgang der Gewinne im Bankensektor begriindet, der durch den Riickgang
der Renditen auf Vermoégensobjekte verursacht wird. Staatsanleihekdufe bewirken im
Ergebnis einen positiven Nettoeffekt auf die Realwirtschaft. Dies gilt insbesondere bei

erheblichen Kreditbeschrankungen im nicht-finanziellen Sektor.
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1 Introduction

Asset purchase programmes have been introduced by several central banks in the past
years as additional policy measures designed to support real economic activity. The basic
idea of government bond purchases as a tool for central bank’s balance sheet expansion
is to reduce medium- and long-term interest rates by lowering the yields on government
bonds. This objective becomes even more striking when the policy rate reaches its effec-
tive lower bound and the expectation component of long-term rates is difficult to influence
through conventional monetary policy (D’Amico, English, Lopez-Salido, and Nelson, 2012;
Krishnamurthy and Vissing-Jorgensen, 2011). The slope of the yield curve, however, is
evidently positively related to bank profitability (Aksoy and Basso, 2014; Borio, Gamba-
corta, and Hofmann, 2015; English, Van den Heuvel, and Zakrajsek, 2012). From this
point of view, government bond purchases also have the potential to undermine profitabil-
ity in the banking sector. This could countervail improvements in the market value of
bank equity by stimulating the value of banks’ assets and even overcompensate for the
improvement in the soundness of non-financial firms which could result from a reduction
in borrowing conditions accompanied by a drop in credit risk (Gilchrist and Zakrajsek,
2013).

In this paper, I investigate the effects of government bond purchases on the equity of
non-financial firms and banks when both sectors are leverage-constrained, by drawing on a
structure for the economy which is similar to that of the euro area. In the banking sector,
two main channels through which asset purchases are transmitted are at work which
produce opposing effects on banks’ soundness. On the one hand, there is a portfolio
rebalancing channel and, on the other, there is a balance sheet channel. For the latter,
rising asset prices tend to stabilise bank equity, which alleviates financial intermediation.
In contrast to the balance sheet channel, the portfolio rebalancing channel works by
lowering borrowing rates. Since borrowing rates, in turn, determine bank profits, there
could be countervailling effects on bank equity, particularly if changes in asset prices
have less impact on banks’ balance sheets. The net effect on the economy, however, will
also depend on borrowing constraints in the non-financial sector. Since lower borrowing
rates for the non-financial corporate sector reduce the cost of debt-financed investment
projects, asset purchases lead to an interaction between a borrowing-constrained non-
financial corporate sector and a borrowing-constrained banking sector.

The main contribution of this paper is to show that two leverage constraints interact
and government bond purchases affect both constraints differently. 1 will demonstrate
that the success of government bond purchases as a policy tool for stimulating output
and inflation depends on how they affect financial health in the non-financial and financial
sectors, whereas leverage constraints in the non-financial sector tend to be relaxed while
they become more binding in the banking sector. An essential source of this effect stems
from pricing loans at par while having significant financial frictions in the non-financial
sector. Most of the changes in relative returns result from portfolio rebalancing effects. In
this regard I am able to investigate portfolio rebalancing effects in the banking sector, in
the household sector, and between the banking and the household sector at the same time
in an environment where both the real and the financial sectors are faced with endogenous
borrowing constraints.

I draw on a fully specified New Keynesian general equilibrium model in which non-



financial firms predominantly take out non-market-based loans from banks. Banks are
faced with constraints resulting from agency problems with their creditors. Moreover,
agency problems also exist between banks and non-financial firms. Thus, I allow for
financial frictions on both sides of banks’ balance sheets, i.e. I allow for two-sided financial
contracting. In the model, defaults by firms in the real sector are relevant, and expected
defaults raise non-financial firms’ borrowing costs, while unexpected bankruptcy costs
are transmitted to the banking sector. Consequently, I assume a costly state verification
problem between the financial sector and non-financial firms, while funders of banks are
confronted with a limited enforcement problem.! In doing so, I additionally introduce
two distinct debt instruments for non-financial firms: non-market-based debt (loans) and
market-based debt (corporate bonds). Since households cannot provide their savings
to capital-producing firms directly, banks intermediate funds to non-financial firms by
granting loans and buying corporate bonds. Furthermore, I allow the banks to hold
government bonds.

One essential feature of the banking sector is that banks’ balance sheets are dominated
by loans priced at par value. Purchases of government bonds can increase the price of
assets, which stimulates banks’ net worth and increases demand for private securities
(Gertler and Karadi, 2013). This is particularly true if these securities are marked-to-
market, and the resulting increase in private securities’ prices is sufficient to support the
build-up of bank net worth. I utilise a framework in which banks predominantly hold
loans at constant prices in addition to corporate bonds and government bonds at variable
prices. Thus, for a large share of bank assets, a balance sheet effect is not relevant because
loans are priced at par. This setting more closely reflects the situation in the euro area,
for instance.

Estimating the model using euro-area data helps to find parameter values for the
elements controlling the strength of portfolio rebalancing. It turns out that the portfolio
rebalancing channel in the banking sector following outright purchases of government
bonds tends to weaken bank net worth. Purchases of government bonds reduce their
returns, which is why banks begin to demand more corporate bonds and supply more
loans. At the same time, portfolio rebalancing in the household sector contributes to
changes in government bond prices. As a consequence, corporate bond returns and loan
rates also fall, which means that borrowing conditions of non-financial firms improve.
Lower borrowing conditions for firms alleviate their leverage constraint by raising net
worth, for which reason their financial health improves. Consequently, non-financial firms
produce more capital with positive effects on output.

Lower returns on bonds and a reduction in loan rates automatically squeeze banks’
profit margins, therefore putting banks’ leverage under upward pressure. The resulting
need to delever countervails the stimulating effects of relaxed borrowing constraints in the
non-financial corporate sector. A comparison with a case in which bank equity is kept
constant reveals that the balance sheet channel relaxes bank leverage constraints first and
contributes to the expansion in loans. Nevertheless, the portfolio rebalancing channel

1Since I want to build on the rich environment of two-sided financial contracting but do not want to
emphasise banks’ default risk, which would be related to bank runs or deposit insurance, I combine the
approaches of Bernanke, Gertler, and Gilchrist (1999) and Gertler and Kiyotaki (2010). The advantages
of such a setting are also discussed by Rannenberg (2016). Defaults in the banking sector are considered
in Clerc, Derviz, Mendicino, Moyen, Nikolov, Stracca, Suarez, and Vardoulakis (2015), for example.



starts to dominate quickly and dampens the expansion in loans, which is predominantly
driven by credit demand in the medium run rather than credit supply. A reduction in
firms’ leverage would not materialise without an improvement in non-financial firms’ net
worth.

Government bond purchases ultimately stimulate the real economy against the back-
drop of improving the financial health of non-financial firms while depressing the financial
health of banks in the medium run. Although anticipation effects support the improve-
ment in banks’ soundness first, an increase in banks’ leverage follows when the programme
completely unfolds. The more binding the leverage constraint in the non-financial sector,
the greater the positive net effect on real economic activity because in this case, the drop
in borrowing conditions has greater effects through the financial accelerator.

As is known from the literature, higher financial frictions in the banking sector make
government bond purchases more effective because these frictions mostly prevent full ar-
bitrage, which is needed to obtain non-trivial effects from portfolio rebalancing. However,
I argue that larger financial frictions in the non-financial corporate sector also raise the
efficiency of bond purchases because reductions in borrowing costs have stronger effects.
If there are no financial frictions in the non-financial corporate sector, the deleveraging
effect in the banking sector has a larger negative impact on the loan supply. This credit
risk channel has a quantitative equivalent to the balance sheet channel, which can be seen
by increasing the share of assets in banks’ balance sheet priced mark to market. The
balance sheet channel contributes to a stronger improvement in output given a specific
level of frictions in the other sector. If the frictions are low, the same output gains can be
obtained with increasing shares of market finance, i.e. through the balance sheet channel.
The paper as a whole shows that government bond purchases can undermine the sound-
ness of the banking sector. Their success in affecting real economic activity, however,
largely depends on the financial frictions in the non-financal sector. Against the backdrop
of the estimated model for the euro area, there is an indication that real economic activity
might improve, although the financial soundness of the banking sector could suffer in the
medium run.

Related literature. There are several contributions in the literature which deal
with government bond purchases in general equilibrium. One strand focuses on affecting
predominantly savings (and consumption) decisions by altering the return on households’
assets (Chen, Curdia, and Ferrero, 2012; Ellison and Tischbirek, 2014; Jones and Kulish,
2013), in which case the channel is similar to standard monetary policy. Compared to these
approaches, I place a stronger emphasis on the banking sector and the impact on capital
production. In this regard, my approach is closely related to Gertler and Karadi (2013)
and Carlstrom, Fuerst, and Paustian (2016). While the banking sector shares elements of
Gertler and Karadi (2013), I introduce a second leverage constraint on behalf of the non-
financial firms and additionally allow for both loans priced at par and corporate bonds
in banks’ balance sheet. Carlstrom et al. (2016) also allow for two constraints affecting
investment decisions. Regarding the banking sector, their and my approach also start
from an incentive problem for bankers. However, my second constraint is related to firms’
net worth, i.e. a leverage constraint arises like it does in the banking sector, while theirs is
a “loan-in-advance” constraint which binds the market value of funds to the market value
of investment opportunities. A combination of a leverage-constrained banking sector with
a leverage-constrained non-financial sector can also be found in Hirakata, Sudo, and Ueda



(2011), Rannenberg (2016), Sandri and Valencia (2013), or Zeng (2013).? Compared to
these papers, my focus is on government bond purchases, and my model introduces three
assets to banks’ balance sheet. Curdia and Woodford (2011) investigate asset purchases
and treat several inefficiencies in financial intermedation which are imposed exogenously.
In the present model, similar inefficiencies evolve endogenously by giving leverage a role.
The purchases in my model are initially financed by issuing agency debt, wherease this
modelling devise can also be found in Gertler and Karadi (2011). Since it is assumed that
the agency has full credibility, it pays the risk-free rate on its debt. However, there is a
feedback to taxpayers in the present model. If profits (or losses) are realised, they are
redistributed to the fiscal authority, which has to adjust (lump-sum) taxes to keep the
government solvent. Hence, I additionally introduce the possibility of feedback effects on
taxes which takes elements discussed by Christiano and Ikeda (2013) into account.

The remainder of the paper is structured as follows. Section 2 provides a description
and derivation of the model. Section 3 contains the empirical analysis. Dynamics from
simulations of the model are presented in Section 4. Section 5 concludes.

2 Model

A standard DNK model following Smets and Wouters (2003) or Christiano, Eichenbaum,
and Evans (2005) is extended to include a financial sector with borrowing constraints
between all borrowers and lenders in the private sector. In this respect, I assume that
there are borrowing constraints between the real sector and the financial market and
between the bank and its creditors. While, in the first case, lenders are confronted with a
costly state verification problem, as outlined in Bernanke et al. (1999), the agency problem
between the bank and its lenders is modelled as proposed by Gertler and Kiyotaki (2010).
This allows us to abstract from default problems in the banking sector.® The model
consists of households, two types of entrepreneur, intermediate goods firms, final goods
firms, mutual funds, banks and a public sector as active agents.

A continuum of households saves, consumes and supplies labour to the intermediate
goods firms. Households receive income from labour and from financial assets to consume a
bundle of final goods, purchased from final goods firms. The financial wealth of households
arises from holdings of government bonds and bank deposits.

[ start from Bernanke et al. (1999) but distinguish between two types of entrepreneur
(type A and type B entrepreneurs) in order to introduce a role for different debt instru-
ments. Both entrepreneurs process newly produced physical capital, which is exposed to
the individual skills of each entrepreneur and is then rented out to intermediate goods
firms. Related to the entrepreneurs, I allow for two different stocks of capital. The two
types of entrepreneur own different types of capital which are both used complementarily
in the production of intermediate goods. Both types of entrepreneur can finance their
projects by raising external funds in excess of their net worth. The goods producing sec-
tor is similar to Smets and Wouters (2003). The two types of physical capital are rented
out to intermediate goods firms, which combine physical capital with rented labour to

2In this repect, the present model is closely related to Rannenberg (2016), who combines a costly state
verification problem with an incentive-compatibility constraint in the banking sector.
3Such a framework is discussed by Rannenberg (2016) and also utilised in Kiihl (2014b).



Figure 1: Overview of central relationships in the model
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produce differentiated intermediate goods. The intermediate goods firms sell their goods
in a market of monopolistic competition to final goods producers. Finally, the final goods
firms bundle the differentiated goods into a homogeneous final good. The final good can
be used for consumption, in capital utilization, as investment goods, or as government
expenditures. Banks receive funds from households (short-term debt) and invest in loans,
corporate bonds, and government bonds. A rough sketch of the model can be found in
Figure (1).

Homogenous Labor

2.1 Households

The economy is populated by a continuum of households which are indexed by h with
h € (0,1). Each h-th household decides on the supply of labour, how much to consume
and to save, and on the allocation of its wealth. Households’ utility function is given in
Equation (1)

S N, . )Lt
& Z 7 {hl (Chtj = D Cha-riy) = Wﬁj%

J=0

(1)

with discount factor 3 and a shock on labour supply v/, which follows a stationary AR(1)
process. The term h® reflects the internal habits in consumption with h¢ € (0, 1).

The households supply differentiated labour services (IVj,;) to the intermediate goods
sector. Because of a monopolistically competitive labour market in which labour services
are imperfect substitutes, each household has market power to set its nominal wage ().
Following Erceg, Henderson, and Levin (2000), I assume, in analogy to Calvo pricing, that



the household is not able to renegotiate its nominal wage in each period. Instead, it can
only reoptimise with a specific probability (1 —~"). In periods in which the household
cannot renegotiate, it follows an indexation rule W; = 7, ,W;_;, with

Fug = (me-1)™ ()75 (2)" (2) 7%,

where &, is the weighting parameter for the past rate of inflation and &, the weighting
parameter for the shock on the growth rate of technology z;. Relatedly to this, z, is the
steady-state growth rate of a non-stationary productivity process. A labour agency is
introduced that buys differentiated labour from households and pays the individual wage
in order to produce a representative labour aggregate as output

1 ) Aw
Nt = |:/ Nh}tkwdh:| y (2)
0

where )\, represents the degree of substitution and is the mark-up of the wage over the
household’s marginal rate of substitution. By minimizing the costs of producing this
aggregator, the labour agency takes the wage rates of each differentiated labour input as
given. From this optimisation problem follows the demand for labour of household h for

use in goods production
Mg

W 1—Aw
thtth( h’t) : (3)

By combining Equations (2) and (3), one obtains the aggregate wage index

1-Aw

1 1
W, = [ / W, dh] : (4)
0

With the knowledge of demand for its labour, the household can proceed with determining
the optimal wage rate (W};,) and the optimal labour supply (Nj ;). Thus, it maximises

oo 14
(N;;t+s) s (1—72) Wy,
max F (Byw)” | —h——— 4 Antts =Ny (5)
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by making use of Equation (3). The term ¢ reflects the inverse Frisch elasticity and
households pay taxes on their labour income with the tax rate 7. Marginal utility
of consumption is denoted by A;. Changes in rates of inflation until date s, which
are important for indexation, are summarised in W,  in Equation (5). Before utility
maximisation is carried out, the optimal nominal wage emerges from a sub-problem in
which the household minimises its disutility of labour by choosing its nominal wage given
the labour demand of firms.*

It is assumed that some household members leave the household sector for a random
time. A specific group of them becomes bank managers, who operate banks, while another
group becomes entrepreneurs who conduct investment projects in the real sector.” The
remaining household members place deposits (D;) with banks, buy risk-free bonds which

4The derivation is presented in the appendix.
5A more detailed description can be found in the technical appendix.



Bshort,gov
t

consist of short-term ( > and long-term government bonds (B{*") and (short-

term) bonds issued by a public agency (Bt“‘).6 On holdings of short-term government
bonds and agency’s bonds, summarised as short-term public sector debt B, they receive
the risk-free rate i;, while they obtain the risk-free return r7?*" on long-term government
bonds which are traded at price Q797

In order to allow for longer-term bonds, I follow Woodford (2001) and assume that
only a fraction of the government bonds (1 — p9°?) issued during the last period are

repaid in this period.® Regarding the definition of the bond rate (r;?*") I obtain

B,gov ngo’U_i_l
pBao g, [ 220 ~ 1 (6)

@

In addition, holdings of government bonds are related to costs

B,gov
2

®gov,H o v
7 =

(Bi, = BI) QU + 75 QU B )
with v599" and 7599 as a scaling parameters and By*’ as the steady-state holdings of
government bonds. The cost function in Equation (7) captures two ideas. The first part
on the right-hand side takes into account arguments from the “preferred habitat” theory of
the term structure (as argued by Gertler and Karadi (2013)), while the last part borrows
slightly from the literature on trading costs (see Harris and Piwowar (2006), for example).”

Households receive income from dividend payments (Divy, ;) provided by intermediate
goods firms and capital producers, from their supply of labour, and from investments
in financial assets. Following Erceg et al. (2000) households are assumed to buy state-
contingent securities with a lump-sum transfer to equalise income differences among the
continuum of households. Households’ expenditures are allotted to consumption, to lump-
sum taxes, to transfers including payments to capital producers, entrepreneurs and bank
managers, =, +, and to the purchases of financial assets, i.e. public sector bonds, corporate
bonds, and deposits.

61 introduce long-term bonds mainly because I want to allow government bonds to have a time-varying
market price, similar to Gertler and Karadi (2013).

"Below, I mean “default-free” when I talk about risk-free rates and spreads.

8In Woodford (2001) pP9°V is interpreted as exponentially decaying coupons. This statement is
economically equivalent to the representation here as the coupon payment is one. Chen et al. (2012) also
allow for a maturity structure. While they use the yield-to-maturity in their model, I draw on the period
return.

9Harris and Piwowar (2006) propose different functions capturing trading costs which are related to
transactions. For municipal bonds in the US, transaction costs fall with larger transactions and vanish
with large trades. However, fixed costs also play a role by looking at Equations (1) and (6) in their model.
I translate their arguments into the functional form above.



The budget constraint in real terms becomes
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where the superscript n denotes nominal terms. Households pay taxes on their labour
income and on their consumption expenditures, 7%and 7¢, respectively.

From the no-arbitrage conditions it follows that each household holds the same amount
of assets, which is why I can aggregate easily. All first-order conditions can be found in
the technical appendix.

2.2 Final goods firms

The final good (Y;) is a composite of the continuum of differentiated intermediate goods
purchased from all ¢ monopolistic competitive firms in the intermediate goods market
which is populated by perfectly competitive final goods producers

Ap,t

1 1 lfﬁxypyt
nzvnwﬂ | (®)
0

where \,; represents the mark-up of prices over marginal costs. It follows a stationary
stochastic AR(1) process in logs.

By taking the prices of the intermediate goods as well as the price of the final good as
given, the final goods firm maximises its profits by choosing the amount of intermediate
goods and the amount of output of final goods. From the optimisation problem there
follows the demand function for intermediate goods

A

Py =R
Y=Y | = 9
= () )
where Pj; is the price of the i-th intermediate good and P, the price of the final good.

2.3 Intermediate goods firms

A continuum of the intermediate goods firms with mass one plan to rent capital ([?”)
from the entrepreneurs and homogeneous labour (Nzt) from the households for use in
production. Intermediate goods arise following a standard production function of the
Cobb-Douglas type with constant returns to scale and fixed costs (£2)

~ «a ~ l1-a
Vie= A (Ki) (4N0) - 2 (10)



where the term « is the share of capital in production. The production technology is af-
fected by a (stationary) shock on total factor productivity A; which follows an AR(1) pro-
cess in logs and a non-stationary technology shock Z;, whereas its growth rate follows an
AR(1) process in logs, i.e. log (z;) = log (Z;/Z;—1) = (1 — p.)log (zs)+p. log (Z4—1/Zi—2)+
€1, With p, as the autoregressive parameter and €, ; as the iid innovation. I allow for differ-
ent types of capital in the production process such that the stock of capital is a composite
index. I modify the production technology because I later introduce two different debt
instruments. For this reason, I will attribute the production of one capital good to one
specific debt instrument.!®

Firms minimise their real costs by choosing inputs given their production technology.
Thus,

min K :t rf BK :t+ thi’t
{KzAt’Kz t’Nl t}
~ a ~ -«
s.t. }/;,t = At <Ki,t> <ZtNi7t> — ZtQZ (11)
K

and I?i,t = (((K)WIK (-f(ﬁ) Wfil + (1 - CK)”% (f(th> 7IjKl) o . (12)

The terms rf 4 and Tf B are the costs of capital and w, is the real wage. The terms
A and B refer to type A and B entrepreneurs and (¥ is the share of utilised type A
entrepreneurs’ capital in utilised total capital with v¥ as the elasticity of substitution.'!
The first-order conditions for the minimisation problem of each intermediate goods firm
are presented in the technical appendix. With their help it can be shown that the ratio
of type B entrepreneurs’ capital to type A entrepreneurs’ capital as well as the capital to
labour ratios are the same across all firms.

Following on Calvo (1983), optimal pricing is only possible with a probability of 1 —,
whereas the remaining fraction of firms that cannot optimise their price set the price equal
to its value last period multiplied by the past rate of inflation (m;_;) which is weighted
by the steady-state rate of inflation (7). Consequently, the optimisation problem for
adjusting firms becomes

maX E, Z Iox )\tﬂ’y (Pz*t - mci7t+jpt+j):|

0Bernanke et al. (1999) and Fisher (1999) also introduce heterogeneous financially constrained firms
and proceed similarly. In contrast to them, I do not introduce two complete goods-producing sectors
with fixed-input shares and a bundling technology to produce the final good. Instead, I split up the
physical stock of capital. The approach allows in a sense to endogenise the financing decision in terms of
the intermediate goods by varying the capital input. Carlstrom, Fuerst, and Paustian (2010) distinguish
between two different types of labour, whereas one of both is subject to credit constraints. The model
here is basically very similar to their approach, except that I introduce a third input for production and
relate credit constraints to two of the inputs. The idea of having two different types of entrepreneurs
is akin to Aksoy and Basso (2014) who introduce two type of entrepreneurs to have a segmentation for
short and long-term debt.

"This approach is akin to the one in Krusell, Ohanian, Rios-Rull, and Violante (2000), where unskilled
and skilled labour are combined. However, I favor the properties of the CES function to have constant
elasticities of substitution between the inputs.



subject to Equation (9). The optimal price of the intermediate good is denoted by Py,
and mc;; represents the marginal costs. The first-order conditions can be found in the
technical appendix.

2.4 Capital producers

The economy is populated by capital producers that are owned by households and work
in a market of perfect competition. By doing so, they combine undepreciated physical
capital with investment goods of class e (e € [A, B]) to produce new physical capital of
the same class.

Ie
K=K (1—6%+1I¢ {1 — v (]et )} [ir (13)

t—1
Equation (13) presents the law of motion of capital, where K7 is the capital stock, 0¢ the
rate of depreciation, Iy the amount of investment goods, and fr; an investment-specific
technology shock which follows a stationary AR(1) process in logs and hits both sectors

e
Itfl

(i) =l b () e () 2

where U (1) = ¥/(1) = 0 and ¥’ (1) > 0. Capital producers maximise their profits
distributed to households, Div!, by determining the amount of newly produced investment
goods

simultaneously. Adjustment costs for investment are denoted by ¥ < L > and follow

[e's)
Ia}a}é Et E At,t-‘erZ./Ug_Fj
AR S

subject to the laws of motion for capital, by taking the prices for capital ()§ into account,

and to the flow of funds constraint I + I? = F!, where F/ denotes the funds received

from households. The variable A;;; represents the discount factor which is households’

At
At

pricing kernel =+, For convenience, investment goods have the same price as physical

capital.

2.5 Entrepreneurs

I follow Bernanke et al. (1999) and assume that the economy is populated by a continuum
of entrepreneurs that buy capital from capital producers, transform the capital into new
capital exposed to an idiosyncratic processing risk, and rent the capital to intermediate
goods producers after observing the shock.

Furthermore, I borrow from Bernanke et al. (1999) and Fisher (1999) and introduce
two borrowing-constrained firms to allow for different debt instruments as in De Fiore
and Uhlig (2015). I split the continuum of entrepreneurs, with m € [0, 1], into two groups
e € [A,B] with A: m € [0,0) and B : m € [p,1]. The grouping of new entrepreneurs
into the two groups is exposed to a random process with fixed probabilities, whereas the
population of each entrepreneurial group remains constant. In line with De Fiore and
Uhlig (2011), I assume that type B entrepreneurs will solely rely on bank finance, while
type B entrepreneurs issue bonds in the capital market.

10



Financial intermediaries are faced with a costly state verification problem.!? The
productivity shock on type e entrepreneurs’ skills wy can only be observed by the inter-
mediaries if they pay a fixed fraction p® of the amount that can be recovered in the case
of a default while entrepreneurs always have knowledge about their productivity. As a re-
sult, entrepreneurs finance their investment projects by external funds (debt) and internal
funds (net worth).

For capital processing, the entrepreneurs’ individual skills are of importance and the
entrepreneurs decide on the capital utilization (uy, ;). The skills of both type A and B
entrepreneurs are subject to idiosyncratic shocks which affect the physical properties of
capital. These shocks wy, ;, are drawn from a lognormal distribution with unit mean and
are independent over time and across entrepreneurs. For the m-th entrepreneur, I obtain
the amount of processed capital f(ﬁn

Kren,t = wren,thv,,t' (15)

Both types of entrepreneur finance the capital purchases with their own net worth
(NWE,) and external funds (LS, ,)

QfKren,t = NW;@,t + Lfn,t (16>

where Q)¢ is the real price of entrepreneurs’ capital. For type A entrepreneurs, this means
that they borrow from the capital market by issuing bonds B,,, at real price Q7 “”, i.e.
Ly, = QPP B,,. Type B entrepreneurs obtain loans (LE, = Ly.;) from banks.

For the case where the value of the project is exactly equal to the debt service, I can
define w7, ; as a productivity threshold for which the borrower is just able to satisfy the
debt contract. I assume that the contract is signed before the shocks materialise.'® Since
the contract is negotiated based upon the expected capital return, I have to distinguish
between ex ante and ex post thresholds. After the shock has occurred, the realised (gross)

capital return emerges as

e (1-75) <rﬁftuf — F(uﬁnt)> + Q4(1 — 6°) + T7E§eQ¢ .
L+ R, = m o we,  (17)
t—1

= (1+ R:ft)w;,t'

The term 7% is the tax rate on capital income which is identical to both sectors. If
the realised idiosyncratic shock is greater than (or equal to) the ex post threshold, the
entrepreneur will be able to repay his debt as contractually agreed and keep the difference
as net earnings. A realization of the shock that is below the ex post threshold level results
in a default, and the entrepreneur has to liquidate the remaining amount in order to satisfy
its lenders.

Similar to Carlstrom, Fuerst, and Paustian (2015), entrepreneurs have a long-run
perspective and maximise the expected utility Vf, ¥ of continuing entrepreneurs at the

12T discuss the optimality of the contract in Section D in the technical appendix.

13Thus, I follow slightly Benes and Kumhof (2015) and replace the realised capital return by the ex-
pected capital return. This timing convention proxies reality more closely, particularly for bank financing,
and allows for unexpected defaults in the period of the shocks.

11



end of period ¢, i.e. the franchise value,

i—1
Z Ay (1 - ) (pt ) HE@’;H] )

whereas pf “ is the probability that an entrepreneur stays in business and is exposed to
an iid shock, Hﬂf are the terminal funds available for exiting entrepreneurs at t 4+ ¢ and
transferred to households. Terminal funds are simply their net worth at that period in
time, i.e. Hfii =N Wn]ff . Net worth, in turn, results from the net payoffs entrepreneurs
receive from their projects after taking the profitability of their projects into account

E
Ve = max E,

m,t .
{Km t’ m t+1

. 1+ R
NWmt+1 = E, (1 - @( mt+170t)) <—t+1> Qt mt7 (18)

T4+1

where O(wy, ;,; o7 ) reflects the payments to the creditors given the outcome of the project.
The standard deviation of of the distribution can be time-varying, i.e. deviating from
its steady-state value o¢, and obeys a stationary AR(1) process in logs. A time-varying
standard deviation gives rise to the possibility of a “financial risk shock”, which increases
the range of realizations of the shocks (see, for instance, Christiano, Motto, and Rostagno
(2014)).

The franchise value of their firm V7, can be expressed recursively and the maximisa-
tion problem of each e-type entrepreneur can be written as

E E
{k, ey } (1 — b ’e> NWoi + By t+1pt+1v 1
m P 41

B [0(@5, 1403 01)) = 1 G@ i 09))] (1+ RES ) QEK
= (1+79) (Q5KG, — NWiE).

by taking Equation (18) into account. In the participation constraint of the intermediaries

s.t. (19)

(Equation (19)) I have for the two sectors: r{! = E, (Ti iOTp> and rP? = rL. The function

G (@y, 415 07)) reflects the expected payoffs for the financial intermediaries given defaults
of the entrepreneurs and p® denotes the share of assets lost for monitoring purposes.'*
The derivation of the model and the related first-order conditions are presented in the
technical appendix.

While the current risk-free loan rate rl enters the participation constraint for the type

B entrepreneur, the expected (risk-free) bond return F; <r££m"p ) which is defined as

B,e
B,cor B, corp T
p th + 1 - B CO’I;B(,O’Vp
B,corp __ Q@ h,t—1 1 20
Tt =T B,corp b ( )
t—1

14The expression 1 — O(w;, 111;0¢) is the share of entrepreneurial earnings of non-defaulting en-
trepreneurs, while ©(wy, ;. 1;07)) — p°G(Wy, 141;07)) represents earnings of financial intermediaries by
taking default cases into account.
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becomes relevant in intermediaries’ participation constraint for the type A entrepreneurs.
As with government bonds, I allow for long-term bonds with a specific maturity struc-

ture, which is modelled according to Woodford (2001) with maturity parameter pZ-rp 15
Similar to government bonds, Q7*"? is the price of the corporate bond. Regarding the

loan contract of type B entrepreneurs, the loan rate is not state-contingent. As long as
the default is not unexpected, its costs are taken into account in bond pricing. Since the
contract is written before the productivity shock on w is realised, i.e. before the capital
return is known, the contract has a state contingent nature. Deviations of the realised

capital return from its expected value matter for the debt servicing capacity, i.e. bond
holders face ex post losses (Tf ’e> while all ex ante costs of defaults can be completely
diversified.

In each period, entrepreneurs leave the market with a given probability of 1 — pf o
and are exactly replaced by new entrepreneurs just endowed with households’ transfers
(NWEem — ¢ ) to keep the population of entrepreneurs stable. The aggregate law of
motion for aggregate entrepreneurial net worth (NW;”) becomes

NWtE,e _ ptE,eNWtE,e,old + NWtE,e,new (21>

3 E,67Old —e. e 1+Rk’e e e
After processing the capital with the help of individual skills, the entrepreneurs decide

on capital utilization, which entails costs in the form of

T.k,e

= 77Dk,e

The aggregate amount of physical capital distributed to the intermediate goods sector,
after the second stage is accomplished, is obtained by aggregating over the distribution
of the productivity shock and over the continuum of entrepreneurs.

D) = o (exp [ (uf,, — 1)] ~ 1), (22)

N @ [0 0 oo
Ky Z/ / Uy 1 W Iy 1A F (w)f(m)dm+/ / Uyt W Ky 1 d F (w)f(m)dm = u K.
o Jo o JO
(23)

Equation (23) shows that shocks to entrepreneurs’ skills do not matter for the economy
as a whole, because the idiosyncratic risk can be diversified perfectly and the utilization
rate is identical across all entrepreneurs.

2.6 Financial intermediaries
2.6.1 Mutual funds

Mutual funds are introduced to proxy the capital market. This idea follows Bernanke
et al. (1999) and Christiano et al. (2014). The mutual funds serve as intermediaries that
channel funds from banks, rent them out by buying bonds from type A entrepreneurs and
operate on zero profits. The main objective is to model the linkage between the issuance
of bonds and the financing by banks.

15See Kiihl (2014a) for the implications of introducing bonds with a maturity into the BGG approach.

13



2.6.2 Banking sector

Since households cannot provide funds to the entrepreneurial sector directly, I introduce
a banking sector, which basically follows Gertler and Kiyotaki (2010) and Gertler and
Karadi (2011). The economy is populated by a continuum of lending banks n with
n € [0,1]. In addition to loans which the lending banks can grant to type B entrepreneurs
directly, they also buy (corporate) bonds issued by type A entrepreneurs.!6 In addition,
each lending bank buys government bonds. Hence, each n-th lending bank holds three
assets which together constitute bank’s total assets Aﬁ ;- Funds are raised by issuing debt
Dy, combined with net worth E, which is built up by retaining earnings.'” Thus, the
balance sheet constraint becomes

ARy = Loy + Q7B + Q7" By = Eyy + Doy (24)

Since the loan rate r is negotiated before the shocks are realised such that it becomes
non-state contingent, ex post defaults can occur, which must be borne by the lending
bank. In the corporate bond market, unexpected losses materialise in the ex post period
return 7" as a result of unexpected changes in the price of the corporate bonds (see
again Equation (20)). Government bonds have a return of 9.

Looking at funding, the bank borrows from households at the rate r”.'®* The law of
motion for net worth is written in real terms, while financial assets are denominated in
nominal terms

1 cor cor cor 1 ov ov ov 1
Eit = (1 + Tﬁl) Ln,t—l_ + <1 + 7"tB7 p) Qil antfl_ + (1 + T?’g ) Qi’% thfl_
b 7rt 9 7Tt 9 7Tt
1 1
— (1 +r2)) =Dpy1— — Th, + ppre (25)
Ur; Ur;

The term Tit in Equation (25) comprises losses from the loan portfolio, while pgs;
represents an exogenous shock an bank equity. Lending banks maximise the terminal
consumption which is equivalent to maximizing the present value of their net worth, i.e.
the value of the bank V,7. In this case, the bank managers would choose Ly, B,", By ,
and D,,; optimally.'”

[e.e]

max E, Z At,t+i (1 - pB) (pB)i_l Hf,t—&-i (26>

- {Ln,t,chﬂp BY°v Dn,t} P

n,t " n,t

VB

n,t

The term (1 — p®) in Equation (26) reflects the exit from the banking business and I1Z, .
are the terminal funds available for exiting bankers at time ¢ + ¢ which is simply the
volume of their equity at that period in time, i.e. IIF, = E] .

16Note that they do not buy bonds directly from type A entrepreneurs. More precisely, they buy bonds
from mutual funds, which, in turn, hold bonds issued by type A entrepreneurs. For the sake of simplicity,
I argue that lending banks buy bonds from entrepreneurs, but, technically, the funds are intermediated
by mutual funds.

I"Bank net worth can also be interpreted as inside equity.

18Because of the formulation of the bank, these loans comprise both deposits and bank bonds. From
this point of view, the interest rate is an “average” rate on bank’s debt.

19T discuss the optimality of the contract in Section E in the technical appendix.
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An agency problem in the banking sector arises because bank managers can divert a
fraction 87¢ of the bank’s resources which cannot be recovered because of high enforcement
costs. Furthermore, different assets can be diverted to different degrees. Thus, the bank’s
incentive constraint becomes

VE20'C (L + APCIQP B 4 AT 9 QPO B ) (27)
n,t— , n, n,
where ABc? and AB9°Y denote the specific relative shares which can be diverted related
to corporate and government bonds, respectively.?’ Hence, bankers maximise Equation
(26) subject to Equation (27).
Since a fraction of bank managers resign, bank managers continue to operate a lending

bank with probability p®. While the exiting bank managers’ net worth is no longer
available, the remaining net worth is a fraction of aggregate net worth

L D 1 B,corp D B,corp pcorp 1
(Rt—l - Rt—l) Lt—lw_t + <Rt - Rt—l) Q21 B T
B,gov D B,gov ppgov 1 D I 1 L
+ (Rt - Rt—1> t—1 Btﬂﬂ_t + R B o — Y+ perng

Tt

lold _ B
E, =P

;o (28)

where I made use of the balance sheet constraint and using gross interest rates, i.e.
RF = 1+ 7rF, RPP = 14 ¢ RPI — 1 4 ¢P9 and RP = 1+ rP. New bank
managers fill the gap created by the exit of old bank managers and enter the market in
order to start operating a lending bank. From their households they obtain an endowment
with which net worth is built up

L D 1 B,corp D B,corp pcorp 1
(Rt—l - Rt—l) Lt—lw_t + <Rt - Rt—l) Q21 B T
B,gov D B,gov pgov 1 D I 1

+ (RO — RP) QU4 B L + R BL,

Tt

Inew _ B
1 =7

that is a fraction v? of assets. Consequently, aggregate net worth is the sum of both
components
EI o El,old + El,new
t = ¢

2.7 Public sector
2.7.1 Fiscal authority

To finance government expenditures Gy, the fiscal authority uses internal funds, i.e. from
tax revenues (7;) and profits received from an intervention authority (P/4), and external
funds, i.e. from the issuance of short-term B:"”"“9” and long-term government bonds
B’ in the capital market traded at price Q9. Short-term government bonds are in
zero net supply. The budget constraint of the fiscal agent is given in Equation (29).

Got (10 7P9) QEA" B, = PIA 4+ T, + QP By (29)

20Like Rannenberg (2016), I combine a BGG-type problem with a GK-type problem. An advantage
of this approach is that I am able to investigate the different frictions separately by abstracting from a
risky bank environment. The treatment of risky banks would require either an insurance mechanism or
the need to deal with bank runs.
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Government expenditures follow a stationary AR(1) process in logs around its steady-
state value. Tax revenues stem from labour income, capital returns and consumption
taxes. The fiscal agent adjusts the tax rate on labour income in order to stabilise the
level of real government debt, where the term ¢8% is a positive number which reflects the
fact that governments’ insolvency is ruled out by conducting a passive fiscal policy (see,
for example, Leeper, 1991). The tax rule is presented in Equation (30).

T, = Texp(ur:) + 90, + TKrk’AKA + TKrf’BKtB + 7w, Ny (30)
€BG (Qt 790UBQOU QB,gongov)

whereas T' denote lump-sum taxes and p7; is a shock on lump-sum taxes which follows
an AR(1) process.

2.7.2 Central bank

The central bank conducts monetary policy by controlling the policy rate i’ R( =iy =rP )
For this purpose, it obeys a Taylor rule, the objective of which is to set the policy rate

according to

smooth)

smooth ___smoot ¢7l' ]__psmooth Y ¢y(
(14307) = () ) (2) 7 () 6
t—1

mp7t’
(31)
with smoothing parameter p*"°°" The term ¢™ is the weight given to inflation and ¢Y

to output growth. Furthermore, the term ¢,,,, represents an unexpected monetary policy
shock.

2.7.3 Intervention authority

In order to investigate government bond purchases, I introduce an intervention authority
that is assigned to the public sector. It has full credibility and is able to issue riskless short-
term debt. The reason why I introduce an intervention authority is that I want to sever the
direct link to taxes, on the one hand, and do not want to assign the policies solely to the
central bank, on the other.?! In the end, the balance sheet of the intervention authority
(QP9ov Boovt4 — BIA) feeds into the public sector’s balance sheet. The profits arise
as the difference in the returns and the costs P4 = pP90QP9rpreni4L _j,  plA =
Government bond purchases are induced into the model as shocks €4, on the stock of
government bonds which are held by the intervention authority

N
Bgov JA = p1a Bgov JA + Z €rA i, (32)

where pra controls how long the intervention authority holds the stock of government
debt. The last term on the right-hand side is able to reflect announced purchases for
1 > 0. The stock of government bonds in the steady state is zero.

21Profits can be redistributed to the fiscal authority or, in appropriate circumstances, losses are balanced
by the fiscal authority.
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2.8 Market clearing

In the following equation, I present the market clearing condition for the economy

Y, = IP+IP4+C+G+ KA TA+TPKE, (33)
o (R ety (14 REP) Glp) pt®
+ Kt—l Qt—l 7Tt + Kt—l Qt—l 7Tt :

Investment spending by type A and type B entrepreneurs constitutes aggregate in-
vestment [ + IP. Costs resulting from changes in the utilization rates in both sectors
are expressed as K/, I'A +T'? KP . In addition, monitoring type A and B entrepreneurs
by the financial intermediaries absorbs resources, which is embodied in the second line
of Equation (33). The market for physical capital clears by equating capital supply and
capital demand [A(f = [?te

In terms of asset holdings, a continuum of households meets a continuum of lending
banks. The market for corporate bonds clears by introducing mutual funds in the inter-

mediation process, which hold the market portfolio, fol BPdn = B["" B = Iy Brifdm,

where BPP denotes aggregate holdings of banks. In the market for loans, it is also
assumed that each lending bank holds the market portfolio of loans.?> The market
clearing condition results as fol L, dn = fgl L,,.dm. Regarding the asset market for
government bonds, the demand for assets resulting from the continuum of households
and banks equals the supply of government bonds, fol By dh + fol By dn + B4 —
BoovH  poevB . poevdA — poov - Accordingly, the market for the intervention authority’s
bonds clears, fol Bj4dh = B[*. The deposit rate r;’ is linked to the policy rate.

2.9 The source of effects from government bond purchases

In general, a necessary condition for public asset purchases to be effective is that the
Wallace Irrelevance proposition of full arbitrage does not hold, i.e. limits to arbitrage
exist (Chen et al., 2012; Christiano and Tkeda, 2013; Eggertsson and Woodford, 2003).
Hence, the main channel through which asset purchases work is by influencing the relative
price of assets which are imperfect substitutes (Andrés, Lopez-Salido, and Nelson, 2004).
As a reflection of the bond purchases, the quantity available to investors changes and
the returns of the target asset diminish with the consequence that other assets seem to
be preferable in terms of returns. Since limits to arbitrage render the assets imperfect
substitutes, the related adjustment processes also reduce the returns of the other assets
under consideration. This argument can also be applied to term premia as long as mar-
ket fragmentation across maturities causes deviations from the expectation hypothesis
(Vayanos and Vila, 2009). In the present model, portfolio costs in the household sector
and financial frictions in the banking sector are the source of market segmentation.
Regarding government bonds, limits to arbitrage arise from two distinct domains. As
discussed in Section 2.1, households are faced with portfolio costs and have to bear costs if
their portfolio holdings of government bonds deviate from the desired level (see Equation

22For technical reasons, as for corporate bonds, I need an aggregator that guarantees the same payoff
per unit of loans.
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(7)). Both frictions make government bonds imperfect substitutes for short-term assets
and prevent full arbitrage, i.e. cause spreads between the yield on government bonds and
interest rates of short-term assets.

D

B,gov
JoN ACSLENY s Wt QR (B — gt} o phaer (34)
Aeby T4+1 ! °

In addition to the leverage constraint, different diversion shares related to the assets
held by banks also prevents full arbitrage between the (expected) returns on corporate
bonds, government bonds and loans, and the interest rate on short-term assets.??

QIC <Lt + AB,corthB,corthcorp + AB,gontByovaov) (35>

_ EtAt+1Qt+1 <Rf[zt + RiciorthB,corprorp + Rig{onf,govBi)ov _ (RtDEtI _ Tf))

Te+1

Different diversion shares, however, also drive wedges between the returns on assets
held by the banks. By combining the first-order conditions from the optimisation prob-
lem in the banking sector, it turns out that the spreads between (expected) returns on
corporate and government bonds and between the loan rate and the (expected) return on
government bonds differ by a ratio comprising the diversion shares directed to each asset.

Tt+1 T+1

B,corp | B,gov AB,corp _ AB,gov L _ ,.B,gov
T T T T
B Qi < T > - 1~ AP ) B0 (%> (36)

As can be seen in Equations (34), (35) and (36), the frictions in both sectors drive
wedges between the returns on short-term assets and on government bonds and between
the returns on loans, corporate bonds, and government bonds. In order to assess the
relative strength of the portfolio rebalancing and the balance sheet channel it is important
to have knowledge about the parameters which drive these channel.

3 Empirical Analysis

3.1 Data

For the estimation I use quarterly data for the euro area. Limited by data availability the
period of observation starts in the fourth quarter of 1997 and ends in the third quarter
of 2013. Since the aim of this paper is to investigate the effects of government bonds
purchases in the euro area, I decide to stop with the period of observation at the end
of 2013. During 2014 there was speculation about a broad quantitative easing in the
EMU which could have affected asset prices. To reduce the impact of these effects on the
estimates, I cut the period of observation in 2013.

For the estimation I make use of 17 variables. I can split the variables used for the
estimation into two groups. The first group consists of seven standard macroeconomic

23This is the source of the effects from portfolio rebalancing.

18



time series: GDP, consumption, investment, the rate of inflation, the real wage, total
employment, and the policy rate. GDP, consumption and investment are in real terms
deflated by their own price deflators and are expressed in per capita terms. The rate of
inflation is computed as the quarterly growth in the GDP deflator. The latter is also
used to deflate the nominal wage. GDP, consumption and investment are collected from
the European Central Bank and originally stem from Eurostat. The nominal wage (per
head), total employment, and the policy rate are taken from the 14th update of the Area-
wide Model (AWM) database. As proposed by Smets and Wouters (2003), T proxy hours
worked by total employement.?*

The remaining ten variables belonging to the second group are specific to the model.
As the model reflects portfolios of government and corporate bonds, I draw on the re-
demption yields from indices as provided by Merrill Lynch comprising all maturities. In
order to remove the impact of the European debt crisis on government bond yields, I
choose the redemption yield of German government bonds. For corporate bonds, I take
the redemption yield of bonds from non-financial corporations with a BBB credit rating
which is Z* in the model. Loans rates Z7 stem from ECB’s MFI Interest Rate Statistic
combined with the ECB’s Retail Interest Rate Statistics.?® Besides the interest rates, I
also address time series to the quantities. Regarding loans, corporate and government
bonds, I make use of the ECB’s balance sheet items covering data from banks in the
EMU. Since government bonds are held by banks and households in the model, I try to
identifiy the effects outside the banking sector by drawing on the ECB’s securities statis-
tics for the entire amount outstanding. Bank equity is reflected by capital and reserves
as provided by the ECB’s balance sheet items. Regarding net worth of entrepreneurs, I
follow Christiano et al. (2014) and proxy net worth by stock price indices. However, I link
stock price indices to the present value of the entrepreneurs instead of linking them to
net worth. In the model I have two distinct entrepreneurs. For the aggregate net present
value, as the sum of the net present values in both sectors, I take the broad EuroStoxx
index. By assuming that market-based debt plays a more important role for blue chips,
I proxy the net present value of entrepreneurs in the A sector by the EuroStoxx50 in-
dex. Stock prices are taken from the ECB’s financial markets statistics. The quantities
including the stock price indices are deflated by the GDP deflator and expressed in per
capita terms. Except for the interest rates, the rate of inflation, and total employment,
I compute the logarithmic first difference for all variables. Finally, I remove the sample
mean from all time series.

241 consequently make use of the transformation in linearised form

N R S ) e (e NP
E, = mEtH + mEt—l + (1 5)+F (Nt - Et) ;

whereas E, denotes total employment and N, hours worked with hats as log deviations from steady state.

25While the ECB’s Retail Interest Rate Statistic stops in 2003, the MFI Interest Rate Statistic starts
in 2003. The latter replaced in some sense the former. I choose the annualised agreed rate for loans to
non-financial corporations (new business coverage) inlcuding all maturities.
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3.2 Priors and calibrated parameters

The parameters of the models are estimated with the help of Bayesian techniques as
described in An and Schorfheide (2007). Before I discuss the choice of the prior distribu-
tions, I present the parameters which I calibrate in the model as given in Table 1. Hours
worked in the steady state, N, are normalised to be unity. Following results from Smets
and Wouters (2003) I set the inverse Frisch elasticity, ¢, to 2.5. The depreciation rates
in both sectors, 0¢, at 0.025, take the same value that is usually applied in the litera-
ture. Following Christiano, Motto, and Rostagno (2010), I choose 0.999 as a value for
the time preference rate, 8. In analogy to the same reference, I calibrate the tax rates on
capital, 7%, on consumption, 7¢, and on labour, 7V, to 0.28, 0.2, and 0.45, respectively.
The steady-state rate of inflation, m,, I fix at 1.8 per cent annualised and the steady
technology growth, z, is fixed at 1.5 per cent annualised, which corresponds roughly to
historical averages. Regarding the business failure rates F'(w®), I take an average value of
bankruptcy rates in the euro area of 0.008.2° The standard deviations of the idiosyncrativ
productivity shock in the entrepreneurial sector, ¢¢, are also calibrated to be identical in
both sectors. The value of 0.26 is close to the number as used in Christiano et al. (2010).
The same reference is taken to calibrate the survival rates of entrepreneurs, p¥*¢, which
is assumed to be identical in both sectors. Although it seems to be straightforward, the
leverage ratio in the banking sector, ¢'¥, is trickier to calibrate. Historical averages from
the ECB’s balance sheet items indicate a value close to 16. However, the balance sheets
of the banks in my model feature just three assets. I experiment with different values and
it turns out that, as an outcome of the estimation, data would prefer a number of eight,
which I consequently choose. In almost the same manner, it is not straightforward to cal-
ibrate the share of government bonds held by banks. Measured against total assets, the
share of government bonds (general government) in banks’ balance sheets is 0.06, while its
share relative to the sum of loans, corporate bonds, and government bonds (total assets
in the model) is 0.24. I decide to set the share at 0.13, which is in the middle between
both values. Regarding the fiscal sector, I need to calibrate the ratios of government
expenditures and of government bonds to output. Based upon empirical averages, I set
the former to 0.2, while the latter takes the value of 0.8.

The prior distributions for the model parameters can be found in the left-hand side
columns in Table 2 while those of the shock processes, i.e. the autoregressive parameters
and the standard deviations of the shocks, are shown in Table 3. Regarding the monetary
policy rule, I assign a value of 0.8 to the mean and 0.15 to the standard deviation of the
Beta distribution for the interest rate smoothing parameter p,. The weight on inflation,
¢r is given a mean of 1.7 and a standard deviation of 0.1, while the prior mean for
the weight on output growth ¢, is set to 0.1 with a standard deviation of 0.05. These
values are largely in line with Smets and Wouters (2003). The means for price and wage
stickiness, v and 7, respectively, with values of 0.7 are a bit smaller compared to values
from the literature. Since the sample starts at the end of the 1990s, this choice reflects
the fact that price and wage stickiness might have changed over the past decades. The
standard deviation under the Beta distribution is 0.05 in each case. In addition to the
stickiness parameters I also estimate the price and wage mark-up, A, and A\, respectively.
In this respect, I start from values for the mean which are close to calibrations in Smets

26The data derive from various publications by Creditreform.
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Table 1: Calibration of parameters

Description Symbol Value
Discount factor B 0.999
Steady-state labour input in goods’ production N 1
Inverse Frisch elasticity 10) 2.5
Depreciation rate - type A and type B entrepreneurs 54 =68 0.025
Steady-state rate of inflation, annualised T 1.8 %
Steady-state growth rate, annualised Zs 1.5 %
Share of government expenditures on steady-state output G/Y 0.2
Steady-state indebtedness of government QB-9ovBIov |y 0.8
relative to steady-state output

Business failure rates in steady state F }“@’F (wh) 0.008
Standard deviation of idiosyncratic productivity parameters oio 0.26
Survival rates of entrepreneurs p% A pE.B 0.978
Leverage ratio o'F 8
Tax rate on capital K 0.28
Tax rate on consumption ¢ 0.2
Tax rate on labour ™ 0.45

and Wouters (2003) and Christiano et al. (2010). I choose values of 1.2 for the means of
a Beta distribution which is bounded to be within the range of 1 and 2 with a standard
deviation of 0.1. To the weights on past inflation in price and wage indexation, ¢ and
&w respectively, I assign means of 0.15 with a standard deviations of 0.15 under the Beta
distribution, which is in line with Christiano et al. (2010). The same is true of the weight
on technology growth &, in the indexation rule for wages. The prior mean for habit
persistence in consumption A% is set to be 0.7 with a standard deviation of 0.15 which is
close to the literature.

Analogously, the means for investment adjustment costs ¥” and costs related to vary-
ing the capital utilization are set. The former takes the value of 4 with a standard
deviation of 1.5, while the latter is 5 with a standard deviation of 2. I also estimate the
power on capital in the production function oo and choose the conventional value of 0.3 as
a mean with related standard deviation of 0.15. Since I modified the production function,
[ am interested in estimating the two new parameters. These are the parameters which
control the degree of substitution between the two types of capital, ¥, and the weight
(¥ in the capital bundler. The latter is easier to choose as it also controls the share of
loans relative to corporate bonds. For this reason I take a value of 0.1 as a mean which
reflects that fact that loans dominate in the euro area. The standard deviation of 0.05
for the normal distribution allows a relatively high variation around. Since the mean for
the degree of substitution controls how much capital financed by loans can be replaced by
capital financed by corporate bonds, I take a conservative value of 3 and a standard devi-
ation of 1, which states that the degree of substitution is neither complete nor absolutely
imperfect. As a prior distribution I choose the Gamma distribution.

Although it is not completely new, the inclusion of a tax rule is new to the model
setting. Regarding the parameters controlling the response of taxes on changes in govern-
ment debt, ¢8¢ T take a rather small value of 0.1 as a mean, which just guarantees that
fiscal policy is passive. For the Calvo employment parameter yg to match total employ-
ment with hours worked I follow Smets and Wouters (2003) and work with a mean of 0.5
and a standard deviation of 0.15. Fairly standard priors are used for monitoring costs in
both sectors p°. The means become 0.2 with standard deviations of 0.05.
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Table 2: Model priors and estimated posteriors (parameters)

Prior Distribution Posterior Distribution

Prior Density Domain Mean SD Mode Mean 5 percent 95 percent

P Coeff. on lagged interest rate beta [0, 1) 0.8 0.15 0.781 0.776 0.739 0.814

On Weight on inflation in Taylor gamma R* 1.7 0.1 1.680 1.691 1.550 1.824
rule

Dy Weight on output growth in gamma R+ 0.1 0.05 0.190 0.186 0.083 0.278
Taylor rule

y Calvo prices beta !0, 1) 0.7 0.05 0.776  0.779 0.726 0.827

Y Calvo wages beta 0, 1) 0.7 0.05 0.701  0.706 0.637 0.776

Ap Steady-state mark-up, prices beta 1,2) 1.2 0.1 1.632 1.634 1.519 1.751

Aw Mark-up, wages beta %17 2) 1.2 0.1 1.163 1.195 1.063 1.316

13 Weight on past inflation, beta 0, 1) 0.5 0.15 0.087 0.101 0.033 0.171

rices

Ew %Veight on past inflation, beta [0, 1) 0.5 0.15 0.116  0.142 0.048 0.232
wages

&, Wegight on technology beta [0, 1) 0.5 0.15 0.654 0.653 0.498 0.805
growth, wages

he Habit persistence parameter beta [0, 1) 0.7 0.15 0.652 0.649 0.570 0.723

v Investment adjustment costs gamma, Rt 4 1.5 4.220  4.367 2.756 5.958

U, Capital utilization costs gamma R+ 5 2 3.143  4.087 1.379 6.778

o Power on capital in beta [0, 1) 0.3 0.15 0.346  0.345 0.293 0.396
production function

~K Parameter of substitution of gamma R+ 3 1 3.570  4.023 2.078 5.827
capital

K Share of capital sector A normal R 0.1 0.05 0.026  0.029 0.006 0.050

£BG Response on debt gamma R 0.1 0.05 0.243 0.286 0.143 0.415

YE Persistency in labour beta 0, 1) 0.5 0.15 0.617 0.625 0.570 0.682

u Monitoring costs, sector A beta 0,1) 0.2 0.05 0.065 0.065 0.040 0.091

u® Monitoring costs, sector B beta 0, 1) 0.2 0.05 0.082 0.081 0.053 0.108

vB9ov  Portfolio costs for long-term normal 0.5 0.25 0.162 0.207 0.062 0.358
gov. bonds

pB Survival rate of bankers beta 0,1) 0.9 0.05 0.972 0.955 0.927 0.983

pB Maturity parameter in beta 0, 1) 0.95 0.025 0.927 0.919 0.871 0.968
corporate bonds

pB:9°v  Maturity parameter in beta [0, 1) 0.95 0.025 0.884 0.878 0.838 0.920
government bonds

rB:.9ov Steady-state government beta [0, 1) 0.01  0.0025 0.013 0.014 0.012 0.016
bond rate

rB Steady-state corporate bond beta [0, 1) 0.01  0.0025 0.010 0.010 0.008 0.012

rate




Table 3: Model priors and estimated posteriors (shocks)

Prior Distribution Posterior Distribution
Prior Density Domain Mean SD Mode Mean 5 percent 95 percent

Autoregressive parameters of shocks
PA Transitory technology shock beta 0,1 0.75 0.15 0.946  0.930 0.891 0.971
PN Labour supply shock beta 0, 1; 0.75 0.15 0.991 0.988 0.978 0.998
e Gov. spending shock beta 0, 1; 0.75 0.15 0.898  0.890 0.816 0.963
Pz Persistent technology shock beta 0,1 0.75 0.15 0.234 0.247 0.111 0.377
Po,B Riskiness shock, sector B beta 0, 1) 0.75 0.15 0.908  0.904 0.878 0.932
Po, A Riskiness shock, sector B beta 0, 1) 0.75 0.15 0.769 0.754 0.650 0.863
O Price mark-up shock beta 0, 1; 0.75 0.15 0.136  0.146 0.062 0.227
I Marginal effic. of invest. beta 0,1 0.75 0.15 0.358 0.374 0.228 0.525

shock
Standard deviations of shocks
EM Monetary policy shock invg R+ 0.002 0.01 0.001 0.001 0.0010 0.0014
€G Gov. expenditures shock invg R+ 0.005 0.01 0.016 0.016 0.014 0.019
€A Transitory technology shock invg R* 0.005 0.01 0.003 0.004 0.003 0.004
€2 Persistent technology shock invg R* 0.005  0.01 0.004 0.004 0.003 0.005
€0 Price mark-up shock invg R+ 0.002 0.01 0.009  0.009 0.007 0.012
EN Labour supply shock invg R+ 0.01 0.01 0.024 0.026 0.020 0.032
€ga Risk shock, sector A invg R+ 0.005 0.01 0.125 0.132 0.104 0.158
€,B Risk shock, sector B invg R 0.005 0.01 0.076  0.079 0.064 0.094
€BI Bank equity shock invg R+ 0.005 0.01 0.012 0.013 0.007 0.018
€A Wealth shock, sector A invg R 0.005 0.01 0.046 0.048 0.041 0.054
€48 Wealth shock, sector B invg R+ 0.005 0.01 0.006  0.006 0.005 0.007
€1 Marginal effic. of invest. invg R+ 0.005  0.01 0.011 0.012 0.010 0.014

shock
€r Shock on taxes invg R 0.005 0.01 0.043 0.045 0.036 0.053
Standard deviations of measurement errors

Net worth, aggregate uniform 0, 10 5 2.8868 0.125 0.127 0.108 0.143

Net worth, sector A uniform %0, 10§ 5 2.8868 0.134 0.137 0.117 0.157

Yields on long-term gov. uniform 0, 10 5 2.8868 1.009 1.043 0.875 1.200

bonds

Growth of long-term bond in uniform (0, 10) 5 2.8868 0.031  0.033 0.028 0.038

banks’ balance sheet
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The remaining parameters are specific to the model. For the costs of deviating from the
desired level of government bonds holdings in the government bond sector, v:9°, T choose
a value of 0.5 as a mean with a standard deviation of 0.25 under the Gamma distribution.
In the banking sector, I decide to estimate the survival rate of bankers p? in contrast to
the strategy applied to the entrepreneurs.?” Given that I expect a rather high parameter
for the survival rate, I nevertheless set the mean to 0.9 with a standard deviation of 0.05,
so that I allow for a broader range of values but do not deviate too much from values in
the literature used for the calibration. Although I know the empirical average maturities
(durations) of the yields on government and corporate bonds, I nevertheless decide to
estimate them in the model. The reason for this is that the model assumption about the
implementation of maturities does not exactly match real world features. For this reason,
I let the data speak to identify them. I opt for priors with means of 0.95 and standard
deviations of 0.025 under the Beta distribution. Furthermore, I estimate the steady-state
rates for government bonds and the default-free rate for corporate bonds, r%9°" and r?,
respectively. The reason for this is that the default-free corporate bond rate also controls
frictions in the type A sector and the banking sector. In the latter case, it helps to
pin down the diversion share related to corporate bonds A®"? The same argument is
applied to the steady-state rate for government bonds, as it is related to portfolio costs in
the household sector 79°° and to the diversion share related to corporate bonds AZ9°V in
the banking sector. For both cases, I choose a mean of 0.01 implying annualised interest
rates of 4%. The standard deviations become 0.0025.

For the autoregressive parameters of the shock processes, I opt for conventional priors
of 0.75 as means and 0.15 as standard deviations. For the standard deviations of the
shocks, T make use of the Inverse Gamma distribution with means of 0.005 with the
exceptions of the monetary policy shock, the price mark-up shock, and the consumer
preference shock, with 0.002 for each, as well as for the labour supply shock with a
mean of 0.01. I furthermore introduce four measurement errors. Two are related to
entrepreneurial net worth and are inspired by Christiano et al. (2014). In addition, I
include measurement errors for the yields on government bonds and the growth of the
stock for long-term government bonds in banks’ balance sheets. The justification for the
latter is related to the fact that specific agents might hold government bonds in reality
which behavior cannot be captured in the model.

3.3 Posteriors

The mode and the mean together with the 5% and the 95% highest probability density
intervals for the model parameters can be found on the right-hand side in Table 2 and
for the shock processes in Table 3. Most of the estimates for the standard parameters are
in line with earlier findings in the literature. As known for the euro area, price stickiness
exceeds wage stickiness, i.e. v is 0.776 at its mode while it is 0.701 for ~,,. Accordingly,
the mark-up for prices is with a mode of 1.632 larger than the mark-up for wages 1.163.
Furthermore, the largest weight in both indexation rules, for prices and wages, is assigned
to steady-state inflation. It is important to note that wages are more tied to current
technology growth than to its steady-state rate. Compared to the literature, investment

27In the entrepreneurial sector it is difficult to identify all of the related parameters, which is why I do
not estimate the survival rates in this sector.
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adjustment costs are rather low in the model (a mode of 4.22). The reason for this might
be related to the introduction of the banking sector, which introduces frictions into capital
production on its own.?® While the share of capital in production is broadly consistent
with the well-known figure in the literature (a mode of 0.346), I am more interested in
the estimates for the parameters introduced through the modification of the production
functions. Compared with my prior for the degree of substitution, the mode and the mean
are slightly above this number (3.57 and 4.023, respectively), which indicates that loans
and corporate bonds are not completely imperfect substitutes. However, the share of
capital financed by corporate bonds is quite small with a figure of 0.026 at the mode. The
rather small share of corporate bonds can be explained by the fact that the loan sector
is related to book value accounting, while the corporate bond sector refers to mark-to-
market accounting in banks balance sheets. Since (¥ controls the share from loans to
corporate bonds in banks’ balance sheets, 1 see the clear dominance of loans priced at
par. Regarding lending to the non-financial sector, the balance sheet channel does not
seem to play an important role in the euro area. The mode for the survival rate of bankers,
at a figure of 0.972, is close to values used in the literature for calibration.

The monitoring costs in both non-financial sectors are very close to each other. Con-
sistent with De Fiore and Uhlig (2011), for instance, monitoring of corporate bonds seems
to be less costly than monitoring of bank loans by looking at the modes. The estimates
for monitoring costs in the loan sector are with a value of around 0.065 closer to the
calibrated values in Bernanke et al. (1999) than to more recent estimates for the US (see
Christiano et al., 2014). The reason for this might be that the European economies are
more bank-financed with strong customer relationships, which might reduce monitoring
costs.

Regarding the effectiveness of government bond purchases, the degree of frictions in
the banking sector and the household sector is of importance. Through the estimate for
the steady-state government bond yield the trading cost parameter in the household sector
79°? (0.0034. The estimate for the steady-state default-free corporate bond rate is 3.92%
annualised, which translates into an asset-specific diversion share of 1.0477 x 0.0938 =
0.0983 (AB<corr x 919, Following from the mode for the steady-state government bond
yield of 5.08% annualised, the asset-specifc diversion share related to government bonds
becomes 6.8477 x 0.0938 = 0.6422 (AB9v x §I€) which shows that frictions related
to government bonds are larger than to loans or corporate bonds. Furthermore, the
estimate for the portfolio deviation costs in the household sector vP9°V of 0.162 at the
mode shows that limits to arbitrage also exist in the household sector regarding the pricing
of government bonds. The parameters representing the maturity structure are 0.884 (a
duration of roughly two years) for government bonds and 0.927 (a duration of roughly
three years) for corporate bonds.?? In the next section, I inspect the dynamics resulting
from the parameter estimates.

28Gince it is beyond the scope of this paper to discuss this relationship I take the results as granted.
29A reason why these values fall short of the average duration from the market portfolio might be
related to the fact that the estimates could capture further features not reflected in the model.
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4 Results

In this section, I will discuss the effects of government bond purchases conducted by
a public agency which I have called the “intervention authority” to investigate how the
purchases affect leverage-constrained financial and non-financial sectors along with the
consequences for the real economy.

4.1 Effects of government bond purchases on macroeconomy and
financial health

4.1.1 Baseline effects from one-off programme

First, I present the effects of purchases conducted in one period, where the stock of bonds
held by the intervention authority dissipates over time. In Figures 2 and 3, the solid
black lines represent the effects of government bond purchases amounting to 2.5% of
GDP. The responses are the medians and are surrounded by their 90% highest posterior
density intervals (grey areas). Figure 2 shows the responses of output, inflation, invest-
ment, consumption, the price of government bonds, and the trajectory for the stock of
public intermediated government bonds. Figure 3 presents the responses of the net worth
of banks, the (aggregate) net worth of entrepreneurs together with the corresponding
leverage ratios and spreads; it also depicts lending to entrepreneurs.

The model is able to distinguish between different spreads. The (external) finance

premium for the non-financial sector, defined as <1 + E, (Rffl)) /(L +7¢), measures

the costs related to the indebtedness of entrepreneurs. It captures the difference between
the return on capital and the costs of external finance, i.e. for issuing corporate bonds
in the capital market in the case of entrepreneur A and bank borrowing for entrepreneur
B. This spread is related to expected defaults in the non-financial sector. Furthermore,
the bank profit margin reflects financial conditions related to bank leverage by taking
the asset-specific conditions into account. It is defined as (1 +r{) /(1 +rP), and is the
respective spread between the returns on assets and banks’ costs for external funds. This
spread mainly reflects the demand-supply schedule of credit. From this point of view, it
resembles the “excess bond premium” from Gilchrist and Zakrajsek (2012). I label this
spread “profit margin” because it simply dominates the profit situation in the banking
sector from investing in assets. Both spreads together, the finance premium and the
profit margin, constitute what I call the “credit spread”, which reflects the overall costs

of financial intermediation as a result of the two frictions, <1 + E, <Rff1>) /(1+rP).

Accordingly, the credit spread comprises financing conditions of entrepreneurs and of
banks. The aggregate credit spread is weighted by sector-specific capital. The splitting
of the spreads is a clear advantage of this model setup, as it shows how government bond
purchases affect financial frictions in the real and the banking sectors differently.
Outright purchases of government bonds increase their price, which stimulates banks’
net worth (balance sheet channel). Since bank leverage falls as a consequence, financial
frictions in the banking sector are alleviated, as households are willing to provide more
funds, and banks raise their credit supply. An increase in credit supply has two con-
sequences: banks demand more corporate bonds, causing the price of corporate bonds
to increase on impact and reinforcing the initial stimulus to banks’ net worth. This is
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Figure 2: Effects of government bond purchases (1)
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Notes: The figure presents the effects of government bond purchases which are induced as “purchase shocks” as presented
in Equation (32) with N = 0. The black solid lines represent the median from a purchase shock amounting to 2.5% of gross
domestic product (GDP). The grey areas show the 90% highest posterior density intervals.

very similar to the effects described in Gertler and Karadi (2013). The other outcome
is that banks increase their supply of loans. As a result, banks’ profit margins in both
sectors fall, making investment in capital more attractive. The higher demand for capital
increases its price, which reduces entrepreneurs’ leverage ratio by boosting the value of
entrepreneurs’ total assets. The finance premiums of entrepreneurs fall as a result, which
is the channel discussed by Gilchrist and Zakrajsek (2013). Thus, aggregate investment is
boosted on impact, which results in an increase in output and consumption. Government
bond purchases eventually improve the financial health of the non-financial sector.
Regarding the financial sector, lower loan rates and bond returns also affect banks’
balance sheets. As a consequence of introducing loans priced at par, the balance sheet
channel of boosting bank equity by raising asset prices plays a minor role. Hence, lower
profit margins in the banking sector translate into lower bank profits, which contracts
banks’ net worth. Thus, the drop in bank equity resulting from the reduction in lending
rates drives banks’ leverage ratio upwards in the medium run. Consequently, borrowing
constraints are intensified in the banking sector while lending activity generally expands.
Asset purchases only stabilise banks’ balance sheets in the initial periods of policy im-
plementation. As public intermediation becomes weaker, bank deleveraging even drives
bond prices below their steady-state values. By having leverage-constrained non-financial
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Figure 3: Effects of government bond purchases (2)

Net worth (banks) Net worth (entrepr.) Lending to entrepr.
k 0.6 0.2
[} [} [}
%) O 2] %]
IS €04 IS
2 2 go1
< -2 < <
8 802 8
-4 0
10 20 30 40 10 20 30 40 10 20 30 40
Leverage ratio (banks) Leverage ratio (entrepr.) Credit spread
0
" 0.2 @ 0 - z
[%2]
S S 02 g 2 -10
2 o = T 4
<1-04 >
q =3 < n—
X S o
<
-0.2 -0.6 -20
10 20 30 40 10 20 30 40 10 20 30 40
Profit margin of banks Finance premium
0 %
8 80 [ ]90% HPD interval
o g -5 - E
88 8L Median response
g -10 g ,
£&-15 S5
-3
10 20 30 40 10 20 30 40

Notes: The figure presents the effects of government bond purchases which are induced as “purchase shocks” as presented
in Equation (32) with NV = 0. The black solid lines represent the median from a purchase shock amounting to 2.5% of gross
domestic product (GDP). The grey areas show the 90% highest posterior density intervals.

firms and banks in conjunction with pricing loans at par in banks’ balance sheets, gov-
ernment bond purchases affect the financial health of both sectors in opposit directions.
They alleviate borrowing constraints for non-financial firms, but falling profit margins, as
a reflection of portfolio rebalancing effects, undermine the health of the banking sector in
the medium run.®* Nevertheless, the net effect is positive in this model based upon the
estimated parameters for the euro area.?!

4.1.2 The effects of a pre-announced programme

In the previous section, I started to investigate government bond purchases by assuming
that the purchases come as a policy surprise (one-off programme) in order to highlight
the essential channels. In reality however, central banks announced government bond

30Following from portfolio rebalancing, both households and banks reduce their holdings of government
bonds; see Figure F in the appendix.

31The results are discussed by abstaining from the zero lower bound environment, although government
bond purchases are usually introduced when the policy rate reaches its lower bound. Section H compares
the zero lower bound scenario with the benchmark scenario. As can be seen, the response of consumption
mainy drives the differences between the two cases. Since the lower bound has negligible effects on the
main channels stressed in the main text, I have delegated the lower bound case to the technical appendix.
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purchases. Exploring how the announcement of a programme affects the responses of an
economy with two leverage constraints is the aim of this section. Consequently, I assume
that the intervention agency announces the purchases taking place for a specified period.
I present three different scenarios in Figure 4. The benchmark scenario - denoted by solid
black lines - is the previous case, in which purchases are conducted as a surprise. In
addition, I present results for purchases which are announced four (blue dashed lines) and
eight quarters (red dashed lines with dots) in advance and are distributed equally over
the respective period. All programmes reach the same maximum stock of 2.5% of output.

Figure 4: Comparison of responses to a one-period government bond purchase programme
(black solid lines), and previously announced programmes distributed over one (blue
dashed lines) and two years (red dashed lines with dots)
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Notes: The figure presents the effects of government bond purchases which are induced as “purchase shocks” as presented
in Equation (32). The purchases are scaled to achieve a maximal stock of 2.5% of GDP in each case. The responses are
median responses from the estimated model.

Similarly to the one-off programme the government bond purchases here ultimately
improve borrowing conditions of non-financial firms, which boosts output via investment.
Hence, the macroeconomy does not show qualitatively different effects in the face of these
programmes compared to the one-off programme. However, anticipation effects do have
impact on the financial side of the economy. With the prospect of lower borrowing rates,
agents raise their demand for external funds following the announcement of the measures.
As a result, the excess demand for credit slightly increases the borrowing rates of the real
sector. However, higher profit margins for banks improve their profits, which stimulates
the build-up of bank net worth. As opposed to the surprise programme, the build-up of
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bank net worth accelerates until the period in which the purchases are conducted. The
surprise programme raises net worth on impact as a result of the balance sheet channel
before net worth starts to shrink again. The improvement in bank net worth peakes at a
slightly higher level for the announced programmes. Lending activity to the non-financial
sector is bolstered in the announcement cases which underscores that a higher credit
demand drives the effects.

Regarding the quantitative responses of the economy, output rises by more for the
announced programmes than for the one-off programme. However, the balance sheet
of the intervention authority has different time profiles in all cases. For the announced
programmes, the purchased stock is obviously held for longer. In order to allow for a fair
comparison, I look at output multipliers for evaluating the effectiveness of the government
bond purchases. Table 4 reports the (discounted) gain in output as the discounted sum
of output deviations from steady state relative to the discounted sum of the stock of
government bonds held by the agency. The present value gains are calculated over two
different horizons: one year and ten years.>?

A comparison of the present value gains in Table 4 clearly show that there is a an-
nouncement effect. For a horizon of ten years, present value gains of output amount to
roughly 1.46% of the (discounted) stock of government bonds held by the intervention
authority over the same period in the case where purchases are announced eight quarters
in advance. For the surprise case, the respective output gain is 1.36%. It turns out that
in the short (a horizon of 1 year) and medium run (10 years) the announcement of a
programme produces stronger output effects.

Table 4: Present value gains in output following one-off and announced programmes

in % 1 year 10 years
Purchases in current quarter 0.69 1.36
Distributed across four quarters, announced 1.07 1.42
Distributed across eight quarters, announced 1.62 1.46

Notes: The table shows the present value gains in output over a specified period for government
bond purchases. The gains in output are expressed in percentage deviations from steady state
and are weighted with the time-preference rate. The present value gain is defined as:

gain = Zle BF (Xeno1 — Xs) /Z,[f:l B* (Zi1x—1) - 100, with X as output and Z the stock of
government bonds held by the central bank.

The main difference between the pre-announced programmes and the surprise pro-
gramme can be seen in expectational effects. Against the backdrop of the results discussed
above, the anticipation effect causes outright purchases to be more successful compared
to the one-off programme. Compared to the latter, the financial sector shows a different
behaviour as a reflection of these anticipation effects. The financial health of the banking
sector first improves and then deteriorates in an environment in which the stabilising effect

32This is measured as gain = Y 0 85 (Xiyno1 — Xo) / Sty 8% (Zisr—1) - 100, with X as output and
7 the stock of government bond purchases held by the central bank with £ as the time-preference rate.
This measure is based on the present value multiplier, as it is used to assess the effectiveness of fiscal
policies (see, for instance, Mountford and Uhlig, 2009).
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of prices, as argued by Gertler and Karadi (2013), is of minor importance.®® The response
of the non-financial sector’s financial health mainly depends on the length of the purchases
which is announced in advance. For very strong anticipation effects, non-financial firms’
leverage can even increase.?*

4.2 What drives the effects of government bond purchases?

Having discussed the effects of government bond purchases based upon an estimated
model of the euro area, I shed more light on the driving forces in this section. I take the
estimated model as a point of departure and run several counterfactual experiments by
simulating the model at its mode.

4.2.1 Role for evolution of sector-specific net worth

In the presence of two leverage constraints, government bond purchases conducted by the
intervention authority tend to relax the borrowing constraint in the corporate sector and
make the corresponding constraint in the banking sector more binding. This is predomi-
nantly a reflection of changes in net worth. To identify the importance of changes in equity
in both sectors I consider cases in which net worth in one sector remains unchanged. The
results are presented in Figure 5. The black solid lines reflect the benchmark case while
the blue dashed lines show the responses of the economy when bank net worth is kept
constant and the red dashed lines with dots when firms’ net worth remains unchanged.?®

For the case without constraints on the path of net worth, banks’ leverage ratio first
drops and then recovers before overshooting its steady-state level. Since bank net worth
is the main driver, banks’ leverage ratio is obviously prevented from exceeding its steady-
state value if bank net worth does not change. Without an effect on bank net worth,
output rises by less on impact compared to the unconstrained case because the improve-
ment in banks’ financial health is less elaborated. However, the missing strong rise in
banks’ leverage in the medium run causes output to remain above the baseline for longer,
i.e. the initiated boom lasts for longer, which is also translated into a more persistent rise
in the rate of inflation. Although credit spreads fall by less, which is related to an upward
shift in the trajectory of firms’ leverage ratio, lending activity is stronger than in the
benchmark case. The weaker response of output in the medium run for the unconstrained
case is related to the fact that banks need to bring their leverage ratio down.

The case where the net worth of entrepreneurs is kept constant has nearly no effect on
the leverage of banks. In contrast, the response of firms’ leverage ratio is reversed. Firms’
leverage rises on impact, which is reflected in a less elaborated drop in the credit spread.
Output improves by less and is therefore on a lower trajectory, which also means that it
falls below the baseline in the medium run, causing a drop in the trajectory for the rate
of inflation. Lending activity accelerates because firms need to finance a larger fraction

33Section G in the appendix tries to disentangle stock from flow effects regarding the anticipation of
the programme.

34Tt should be noted that full information and rational expectations are important for the finding that
the anticipation effects for a long duration of the programme are very strong. The relaxation of these
assumptions goes beyond the scope of the paper.

35News shocks to net worth are introduced to keep net worth constant in the respective case.
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Figure 5: Effects of government bond purchases where bank net worth and entrepreneurial
net worth are kept constant
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Notes: The figure presents the effects of government bond purchases which are induced as “purchase shocks” as presented
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are scale(iito achieve a maximal stock of 2.5% of GDP in every case. The responses base upon the simulation of the model
at its mode.

of their investment projects with external funds as the improvement in their net worth is
missing. This is eventually the reason why firms’ leverage rises.

These results show that the response of bank leverage mainly controls the shape of
the output response, while firms’ leverage affects the level of the improvements in output.
Thus, my results underline that the financial health of both the banking and the non-
financial sector is important for government bond purchases to be effective.

4.2.2 The role of financial frictions in the non-financial sector

While it is well-known that the degree of limits to arbitrage controls the effectiveness of
government bond purchases, I provided evidence in the previous section that the financial
health of the non-financial sector also plays an important role in this regard. This section
has the objective of taking a closer look at the role played by the severity of the leverage
constraint in the non-financial sector. In the model, financial frictions in the non-financial
sector are driven by monitoring costs, as they determine the costs of expected defaults.
The notion of credit risk is related to expected defaults. Consequently, costs of expected
defaults rise if more resources are lost given the probability of default. Hence, higher
monitoring costs make defaults more costly, with the result that the finance premium will
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react more sensitively to changes in the financial health of non-financial firms. Accord-
ingly, a larger role for a leverage constraint arises if monitoring costs are large. For this
reason, | treat changes in monitoring costs as a reflection of different degrees of financial
frictions in the non-financial sector.

Figure 6: Comparison of responses to pure bond purchase shocks for different degrees of
financial friction in the entrepreneurial sector B
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Note: The figure presents the effects of government bond purchases which are induced as “purchase shocks” as presented
in Equation (32) with N = 0 (black solid lines) for different values of the monitoring costs in the entrepreneurial sector B

(1 in equation (19)). The responses are based upon the simulation of the model at its mode.

In Figure 6, I present the responses of output, inflation, investment, lending, bank
leverage, firm leverage, the (aggregate) credit spread, the overall bank profit margin (cov-
ering returns on loans and bonds), and the (aggregate) finance premium on a purchase
programme conducted in one period for three cases. In the first case (black solid lines) the
monitoring costs in the loan sector are set to zero, which deactivates financial frictions in
this sector. For the two other cases, financial frictions in the loan sector (sector B) are ac-
tivated and set at two different levels (u/*® = 0.1 blue dashed lines, u/*? = 0.2 red dashed
lines with dots). It turns out that the higher the financial constraints for non-financial
firms, the more effective government bond purchases are in supporting output.

As can be seen in Figure 6, the finance premium reacts more sensitively than banks’
profit margin to changes in monitoring costs in relative terms. Higher frictions in the credit
market for entrepreneurial loans make the finance premium fall more sharply given a drop
in entrepreneurial leverage, because the costs of expected defaults decline more strongly.
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Figure 7: Impact of financial frictions in the loan sector
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Notes: The figure shows the present value gains in output following government bond purchases, which are conducted
entirely in one period, by varying monitoring costs for the loan sector. The gains in ouput are expressed in percentage
deviations from the steady state and are weighted with the time-preference rate. The present value is defined as: gain =

ZkK:I Bk (Xttr—1— XS)/Zszl Bk (Zi4k—1) - 100, with X as output and Z the stock of government bonds held by the
central bank.

This makes asset purchases more effective if financial frictions in the non-financial sector
are quite large. For the “no frictions” case, the accelerating mechanism is not present, with
the result that the decrease in banks’ profit margin dominates. The stimulus to output
is mainly driven by the fall in the loan rate, which is completely unrelated to credit risk.
Output, inflation, and investment show different trajectories, because the path of the
finance premium is lower.

Figure 7 summarises the impact of frictions (x-axis) on output by looking at the
present value multipliers (y-axis) for a one-year and 10-year horizon, as blue dashed and
black solid lines, respectively. While the short-run effect on output is rather independent
from monitoring costs, the output multiplier clearly increases as monitoring costs rise.
Thus, government bond purchases stimulate the economy particularly if the non-financial
sector is exposed to strong binding leverage constraints.

4.2.3 The role of market segmentation in conjunction with financial frictions

As is known, from Andrés et al. (2004), for example, limits to arbitrage are crucial for ob-
taining non-trivial effects of outright purchases. Portfolio adjustment costs for households
and the diversion share related to government bonds in the banking sector, v%9°" and
AB99v respectively, produce limits to arbitrage in the present model. I provided evidence
in the previous section that the severity of financial frictions in the non-financial sector
are also highly relevant in achieving non-trivial effects on output following government
bond purchases. This section aims to shed light on the interplay between the three main
parameters which control the impact of government bond purchases.
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Figure 8: Impact of limits to arbitrage from frictions in the banking sector and the
household sector on the present value gain in output over 1 year (lhs) and 10 years (rhs)
resulting from government bond purchases
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Notes: The figure shows the present value gains in output following government bond purchases, which are conducted entirely
in one period, by varying the diversion share related to government bonds in the banking sector (y-axis) and portfolio costs in
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with the time-preference rate. The present value is defined as: gain = 22(21 B* (Xpyp_1 — Xs)/ Z,Ile B* (Zsy1—1) - 100,
with X as output and Z the stock of government bonds held by the central bank.

In Figure 8 I depict the present value gains over one year (left-hand side) and ten
years (right-hand side) in output by varying the diversion share in the banking sector
related to government bonds on the y-axis and the market segmentation in the household
sector on the x-axis. Consistent with earlier findings, the present value gains rise with
higher frictions in both sectors.®® For the shorter horizon, the present value gains in
output grow quickly for large frictions in both sectors. With a low level of frictions in
one sector, the present value gains are nearly independent from the level of frictions in
the other sector. For a longer horizon, the present value gain starts to rise very quickly
with larger frictions in the banking sector. Except for the case of nearly no frictions in
the household sector (small values for v9°?) frictions in the banking sector dominate
the long-run effects of government bond purchases. This means that it is predominantly
the banking sector which affects the pricing of government bonds and therefore controls
the medium-run effects on output.

In Figure 9, I show the driving forces. The responses of bank leverage, the finance
premium, the credit spread, and the bank profit margin are given for different values
of the diversion parameter AB9° (panel (a)) and for different values for the parameter
driving the market fragmentation in the household sector v2:9°" (panel (b)). In both cases,

361 do not report results for the case in which the frictions in one sector are deactivated since government
bond purchases are ineffective in this case. I refer for this case to Gertler and Karadi (2013) or Christiano
and Tkeda (2013).
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Figure 9: Effects of different degrees of friction in the banking sector (panel (a)) and in
the household sector (panel (b))
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Notes: The figure presents the effects of government bond purchases which are induced as “purchase shocks” as presented
in Equation (32) with N = 0 (black solid lines) for different values of the monitoring costs in the entrepreneurial sector B

(1 in equation (19)). The responses are based upon the simulation of the model at its mode.

the qualitative changes of the transmission resulting from larger market segmentation
are qualitatively very similar. For larger values of the diversion or the portfolio costs
parameter, limits to arbitrage are stronger and the arbitrage between the returns on the
assets and the short-term rate is weaker. For low values of the diversion share or the
portfolio costs parameter, the degree of imperfect substitution is lower, with the result
that the portfolio rebalancing effect becomes weaker. Consequently, lending rates to
the non-financial sector fall following government bond purchases, but only for a shorter
period before they start to rise. One qualitative difference between the impact of both
frictions is that a low level of the diversion share directed to government bonds in the
banking sector does not show a strong overshooting of the leverage ratio.

Hence, the government bond purchases become more efficient in boosting output if
frictions prevail in both sectors. This result is consistent with earlier findings but also
holds for the case of leverage-constrained banks and non-financial firms. Changes in the
factors which drive limits to arbitrage with respect to government bonds only control the
size of effects on firm leverage, but do not affect its trajectory much. These results are
derived by keeping the monitoring costs in the loan sector at its mode from the estimation.
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Figure 10: Impact of financial frictions in the loan sector
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fozl B* (Xyp_1 — XS)/X:,CK:1 B* (Zsy1,—1) - 100, with X as output and Z the stock of government bonds held by the
central bank.

Regarding the effectiveness of government bond purchases, the interplay between fi-
nancial frictions in the non-financial sector and the factors determining the pricing of
government bonds plays an essential role. Figure 10 depicts the present value gains in
output for an horizon of ten years in relation to the monitoring costs in the loan sector
(always on the y-axis). On the left-hand side, the diversion share on government bonds
is altered (x-axis) while it is the portfolio costs parameter for the households on the
right-hand side (x-axis). It turns out that both monitoring costs and the diversion share
control the effectiveness of government bond purchases the most. As long as households
contribute to limits to arbitrage in a significant way, the effectiveness of government bond
purchases to have sizeable effects on output is driven by leverage constraints in the bank-
ing sector but also to a large extent by leverage constraints in the non-financial sector.
While the first result is known from the literature, the second one can be derived from my
model in which loans priced at par dominate in banks’ balance sheets. For low monitoring
costs in the loan sector, government bond purchases only have sizeable effects on output
in the medium run if there are strong forces in the banking sector which create limits to
arbitrage.

4.2.4 Bank-based vs. market-based economy

An essential feature of the model, which is backed by the estimation, is that loans priced
at par dominate in banks’ balance sheets. In this case, financial frictions in the loan sector
have an important impact on the effectiveness of government bond purchases in achieving
output gains. To show how the results change if corporate bonds start to dominate in
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banks’ balance sheets, I increase the share of capital financed by corporate bonds, (¥ as
given in Equation (11). In Figure 11, I present the variables’ responses to the purchase
shock for three different cases. The first case (solid black lines) reflects an economy with
nearly no meaning for the balance sheet effect. Given the same maturity structure and
monitoring costs, cases two (blue dashed lines) and three (red dashed lines with dots)
comprise situations with a higher share of corporate bonds in banks’ balance sheets. For
the third case, loans play nearly no role. In all cases, the corporate bond is a consol and
monitoring costs are set to zero in the corporate bond sector.?” The share of government
bonds in banks’ balance sheet remains unchanged.

Figure 11: Dependence of effects of government bond purchases on the share of corporate
bonds in banks’ balance sheets
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Notes: The figure shows the impulse-response function following purchases of government bonds. For the first case (black
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to 0 and the parameter controlling the maturity of the corporate bond portfolio pP is set to 1. The responses are based
upon the simulation of the model at its mode.

If corporate bonds start to dominate in banks’ balance sheets, the balance sheet chan-
nel plays an dominating role. Similar to Gertler and Karadi (2013), purchases of gov-
ernment bonds stimulate banks’ net worth, amplified through an increase in the price
of corporate bonds, which together lower the leverage ratio and relax financial frictions
in the banking sector. Output increases by more with higher shares of corporate bonds

3TThe last case is very similar to the benchmark in Gertler and Karadi (2013).
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in banks’ balance sheets following government bond purchases. In the third case, the
response of the finance premium does not react as a reflection of no monitoring costs and
a dominance of corporate bonds in banks’ balance sheet. Here, the positive impact on
bank equity is the strongest. Lending activity is more pronounced compared to the case
in which loans dominate in banks’ balance sheet as a reflection of the missing effect on
the finance premium.

Figure 12: Present value gains in output by varying the share of corporate bonds and the
financial frictions in the entrepreneurial sector B for different horizons

Present value gain in output over one year 0 Present value gain in output over ten years
: — : : ) : : : :
/ .
0.18 f o [ 1 0.18 | 1
© | \
S -
016 ¢ ‘\ | 1 016 1| 1
s w | s ‘
3 | 3
~ L | | i ~ L 4
5 0.14 ~ < © o o o o 5 0.14 -
© NN N Sy 9 o @ 5 ‘ >
D o o o © © N » =] D \ ° N o
» 0.12 | | B » 0.12 [ s ‘& = b
c ~ | c ‘& Y S
] < | | ] &
o ‘ o
5 01T ‘\ . P i
2 | 2
© 0081 | 1 ° 1
£ \ \ £
S 006 | 1 S 1
c | \ S
S ‘ | S
= 004 k \ 1 = .
o o o o o o o v
N 3 I 2 @ ® @ % & LG
L N N o [os] ® N > (o2 1| 4
0.02 > ‘
\ \ “
\\ \ 0 .
0 ‘ L ‘ ‘ ) ) \ ‘
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8
Share of market finance ((B) Share of market finance (CB)

Note: The figure shows present value gains in output for government bond purchases which are induced as “purchase shocks”
as presented in Equation (32) with N = 0 for combinations of the parameter which controls the share of corporate bonds

K (x-axis) and monitoring costs in the entrepreneurial sector B (y-axis). The gains in output are measured as deviations
weighted with the time-preference rate and expressed in units of purchases in period one per units of steady-state output.

The present value gain is defined as: gain = Zle BF (Xpyp—1 — Xs)/ 25:1 B* (Zs11—1) - 100, with X as output and Z
the stock of government bonds held by the central bank.

Financial frictions in the loan sector and the balance sheet effects of asset price changes
interact. In Figure 12, I present the present value gain in output over one year (left-hand
side) and ten years (left-hand side) by varying monitoring costs in the loan sector (vertical
axis) and the share of market finance (horizontal axis). For longer horizons, the present
value output gain is clearly rising with higher monitoring costs and changes in the market
structure starting from low levels of monitoring costs and a low share of market finance.
However, the present value gains in output become less sensitive to changes in monitoring
costs for shorter horizons as the balance sheet channel clearly dominates the short-run
effects. For higher levels of monitoring costs and lower shares of market finance the effects
of government bond purchases on output are equivalent to larger shares of corporate bonds
in banks’ balance sheet and low monitoring costs. The largest output gains occur for large
shares of market finance and high levels of monitoring costs.

This again shows that the alleviation of financial frictions in the non-financial sector is
an important channel for realising output effects compared to stabilising asset prices. In
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the short run, the balance sheet channel plays a more important role with rising shares of
market finance independent from whether frictions in the loan market exist. An increase
in the present value multipliers for large shares of market finance and for larger monitoring
costs shows that the credit channel can be a substitute for the balance sheet channel in
terms of output gains following government bond purchases. Government bond purchases
in an economy with a low level of market-finance while having large frictions in the loan
sector achieves similar effects as in an economy with a large share of market-finance and
a low level of frictions in the loan sector. However, output gains react more sensitively
to the increase in market finance compared to an intensification of frictions in the loan
sector.

As can be seen, the success of government bond purchases in stimulating output
depends heavily on the severity of the leverage constraint in the non-financial sector.
This credit risk channel can even be so strong that it is able to compensate for a missing
balance sheet channel.

5 Conclusion

In response to a low inflation environment and a slow economic recovery, central banks
around the globe started with asset purchases as an additional policy tool to boost eco-
nomic activity and rates of inflation. In these programmes, purchases of government
bonds play the most important role. Reducing the interest rates of medium and long-
term maturities is the main objective of this policy. This paper investigates the effects of
a reduction in returns on long-term government bond on the soundness of non-financial
firms and banks in a New Keynesian DSGE model which is estimated with euro-area
data. Both sectors are leverage-constrained, and government bond purchases improve the
financial health of the non-financial sector, while this is only true in the short run for the
banking sector as a result from the balance sheet channel. In the medium run, banks’
profitability deteriorates and undermines the financial health of the banking sector. Nev-
ertheless, positive effects on output and the rate of inflation remain, predominantly as a
result of the reduction in non-financial firms’ borrowing conditions and are amplified by a
related reduction in firms’ credit risk. Regarding the latter, this paper is able to highlight
the credit risk channel as discussed by Gilchrist and Zakrajsek (2013). I can show that
this channel becomes more important, the larger financial frictions in the non-financial
sector are. My results provide evidence for the fears that the soundness of the banking
sector is affected negatively by government bond purchases. However, these effects do
not dominate as long as the non-financial sector is sufficiently balance-sheet constrained
despite the fact that assets priced at par dominate in banks’ balance sheets.

In the model, I induce the purchases of government bonds as shocks but do not for-
mulate a specific policy rule as in Jones and Kulish (2013). The aim was to shed light
on the transmission of government bond purchases through the financial sector against
the backdrop of two-sided financial frictions and in an environment where loans priced at
par dominate in banks’ balance sheets. It is conceivable that some factors might alleviate
the negative effects on banks’ net worth as banks in reality could start investing in other
asset classes not reflected in the model. Moreover, the paper is unable to discuss the
circumstances under which the introduction of government bond purchases is useful, nor
is it able to discuss further potential side-effects. Hence, the paper does not conduct a
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welfare analysis directed at government bond purchases as a policy measure. All this goes
beyond the scope of the paper.
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A Derivation of the Model

A.1 Households

The household consists of three different groups: bankers, entrepreneurs, and the remain-
ing household members. Similar to Gertler and Kiyotaki (2010) or Gertler and Karadi
(2011), the share of household members in the banking sector in each period is s?. In
order to keep the shares constant over time, I assume that exactly the same number of
workers become bankers as bankers return to the goods producing sector. The proba-
bility of staying a banker p? is exogenously fixed and does not change over time. The
profits each bank manager potentially earns are not transferred to the household before
the bank manager leaves the bank, which happens with a probability of (1 — p?).*® In
addition, a specific share s¢ of households becomes entrepreneurs. Like bank managers,
entrepreneurs survive with a probability of p¢. During the time they are entrepreneurs,
household members accumulate net wealth, which is transferred back to the household
when they leave the entrepreneurial sector.

A.1.1 Utility maximisation

The economy is populated by a continuum of households which are indexed by h with
h € (0,1). Each h-th household decides on the supply of labour, how much to consume
and to save, and on the allocation of its wealth. Households’ utility function is given in
Equation (37)

(Npisj)

I+ (37)

Uo=E) B {m (Chpsj — R Chpe14j) — K

=0

with discount factor 3. The term h® reflects the internal habits in consumption with
hC € (0,1). The budget constraint in real terms becomes

n,PS B,gov 1n,gov
Bh,t—1+j I (1 B,gov> Qt—1+th,t—1+j

Ltipny + 7
( t—145) P t+7 Prv;
Dn — ] Wh t DZ"Uh t
+ (1+rP. .. M+ 1— v ,+JNh 4 g =,
S Py ( ) Py M Py o
D ] Bn,PS
> (1+79) Chpgg + Ty + 2 + 2 4 gfv !,
Pt+j B+j

where the superscript n denotes nominal terms. Households pay taxes on their labour
income and on their consumption expenditures, 7%and 7¢, respectively.
Resulting from utility maximisation, I obtain the marginal utility of consumption

ol
OCh4

. (1 + TC) bt)\h,t = (Ch,t — hCC}htil)_l - th (Ch,tJrl - hCCh,t)_l ) (38)

38The reason why bankers exit lending banks is to guarantee that the lending banks do not accumulate
equity indefinitely (see Gertler and Karadi (2011) or Gertler and Kiyotaki (2010)).
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the Euler Equation for short-term bonds of the public sector

oU, A1 (14 )
——=:1=F - 39
aBif t/B >\h7t Tei1 ) ( )
the Euler Equation for deposits
oU, A 14 7P
L 1=Ep hn (L4 7, ), (40)
0Dy, Aht g1
and the Euler Equation for long-term government bonds
B,gov
Uy B " H Ah,t41 <1 T )
R B R e T S
aBin +v h,t h,s +7 tﬁ )\h,t Tt ( )

A.1.2 Wage setting

The households supply differentiated labour services (Nj:) to the intermediate goods
sector. Because of a monopolistically competitive labour market in which labour services
are imperfect substitutes, each household has market power to set its nominal wage ().
Following Erceg et al. (2000), I assume, in analogy to Calvo pricing, that the household is
not able to renegotiate its nominal wage each period. Instead, it can only reoptimise with
a specific probability (1 — 7,). In periods in which the household cannot renegotiate, it
follows an indexation rule W, = Tw Wi—1, with

Fua = (m)™ ()75 ()% (2)' 7%,

where &, is the weighting parameter for the past rate of inflation and &, the weighting
parameter for the shock on the growth rate of technology z;. Relatedly, 2, is the steady-
state growth rate of a non-stationary productivity shock. Furthermore, the (stationary)
real wage is defined as

Wi

Z By

and the growth rate of nominal wages by taking technology growth into account becomes

Wy =

_ Wi+1
Tw,t+1 = Tt412t4+1 @D

t
A labour agency is introduced that buys differentiated labour from households and
pays the individual wage in order to produce a representative labour aggregate as output

1 ) Aw
N, = [ / Nh,mdh] | (42)
0

where )\, is the degree of substitution and represents the mark-up of the wage over the
household’s marginal rate of substitution. By minimizing the costs of producing this
aggregator, the labour agency takes the wage rates of each differentiated labour input as
given. From this optimisation problem follows the demand for labour of household h for
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use in goods production

M
Wi\ 77w

Np: = N, : ) 43
= () (13)

By combining Equations (42) and (43), one obtains the aggregate wage index

1 1 1w
W, = [ / W dh} | (44)
0

With the knowledge of demand for its labour, the household can proceed with determining
the optimal wage rate (Wj;,) and the optimal labour supply (N ). Thus, it maximises

o0 14+
(Nl;k t+s) \Ij:tUJrs (1 - Tw) Wiy
max B, 3 (By)" | —nttl NG| @)
e e T

by making use of Equation (43). The term ¢ reflects the inverse Frisch elasticity. The
term W}, | in Equation (45) corrects the nominal wage for inflation and technology growth,
e e = ([I2, ﬂt_Hs)fw (%) (1=¢") <HZ°:0 2:—;> = [[2, Twts- Before utility max-
imisation is carried out, the optimal nominal wage emerges from a sub-problem in which
the household minimises its disutility of labour by choosing its nominal wage given the

labour demand of firms. With definitions \I/}f;s = Pj?}; and S\h,t = A\n+Z; one obtains
for the optimal (stationary) real wage (@} ;)

0/OWy, 4

A
_ N 171;\’1“ (1+¢) n
1— A (14+¢) Et ZEO:O (B,yw)s |:’£ (\IJ;U_’_S ﬁ;’lfis) Nt-‘rscp
Tk 1—Aw —

(wh,t = S

B> (B7)° |:5‘h,t+s‘Ij%U+s (L —7N)w, (‘I’ﬁs wa) T Nots (t)}

where the term A, is the wage mark-up and ¢ reflects the inverse Frisch elasticity. The
optimal real wage can be expressed as

1Ay
3 NW,, \ ™wite
= [ Apk———— , 46
wt ( Hﬁ]tDM/Lt) ( )
with
1 Tow,t+1 =y (149)
NW, = N, ™ + (Byw) (—) NWii
Tw,t+1
and
- 7 = 24
DW, = X\ (1 - TN) Ni+ vuf (wiﬂ) (Ww’tH) DWi 1
Wy Tw,t+1
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The law of motion for the real wage is

1
1

W 1—w
W = () e (27
t

A.2 Intermediate goods firms

Before intermediate goods firms maximise profits they solve the sub-problem and minimise
costs _ _ _
_ min rf’AKiAt + rf’BKZ-Bt + weN; 4
{K{f‘thpri,t} 7 7
subject to the production function

11—«

}/;,tv = At <I?i,t)a (Ztﬁi,t> - ZtQia (47)

and

’YK

~ 1 ~ haE| 1 ~ e
Ko = ((CK)w (K;j‘t) T (1= ¢K)F (Kﬁ) " ) .

The term represents a stationary technology shock, i.e. a shock on total factor produc-
tivity which is an AR(1) process

log Ay = palog Av—1 + €ay, €ar ~ N (0,0124)

while Z; is a labour-augmenting technology process with a stationary growth rate z; = Zthl

10g (Zt> = (1 - pz) lOg Zs + Pz log (thl) + Exty €2t ™ N (Oa Ug) .

The first-order conditions are

) ~ o 1 B o1\ SR
L : rf’A — it A ((CK)WK (Kﬁ) ES (1 — CK)”T (K£§> " ) (48)

X (CK)”LK (f(lAt) " (ZtNi,t)l_a = 0, (49)
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(54)
In Egs. (48), (50), (52), and (54) g, is the Lagrange multiplier related to the production
function. By combining the derived conditions I obtain

K_ K —1
K3 1 o ((1-¢F E oA o 1wy
vt el GO MR S (%) (:f_B> )
(55)
and
/K1 -
& € (N T 4 n
Wt | € <1(—<)K> () I
(56)

The capital-to-capital ratio is

1B K k,A 7"
Kit _ (1 —¢ ) Tit (57)
K - b

By integration over all ¢ individuals it is easy to see that all indicies can be dropped.
After expressing Eqs. (55) and (56) in terms of the other respective variables (K7, KP,
and V;), including the resulting expressions into the production function, and solving for
the other variables which are included in the cost function, an expression for the marginal
costs can be derived
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Intermediate goods firms ¢ maximise their profits

max Zﬂjvj [Yie (P — meigyjPiiy)]
{r} 5=

subject to
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From profit maximisation one obtains
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(61)

where ;. captures the price indexation, i.e. (7Tt_1)§ (7‘(‘)175 with indexation parameter &,

E — Pi,t

and mc; the marginal costs. Eq. (61) can be rewritten with 77, = =
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(2

whereas P, = P;. Since all firms that can adjust the price optimally have the same

optimum, I can drop the indexes.

A.3 Final goods firms

Final goods producers maximise profits

1
maXPtY}—/ Pi,tY;,tdi
0

{Yi}

0
1 o—1
Y, = U Yi,feldz}
0

and the demand for good 7 results as

P\’
Ya=Yi(=
! t<Pt)

with which help the price aggregator can be derived:

1 =
P = { / Pz-,f—edz} :
0

A.4 Capital goods producers

with

Capital producers maximise their profits

oo
max E, g AmﬂDivtIﬂ..
A ECR g S —

with
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whereas U (1) = ¥/ (1) = 0 and ¥” > 0 are satisfied. This results in
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The law of motion for capital is

I
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where pr; is a shock to the marginal efficiency of investment and follows and AR(1)
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process
log pre = prlogprs—1 +erpere ~ N (0, U%) .

The shock hits to both sectors at the same time.

A.5 Entrepreneurs

Entrepreneurs borrow from financial intermediaries and combine the external funds with
internal funds (net worth). They conduct capital processing which means that they buy
capital and transform it with their own individual skill into new units of capital. The
skills are randomly and independently distributed over time and across entrepreneurs. As
a consequence, the shock also affects the realised return on capital, as denoted by Rke
and given in

e (1-75) (rfnetuf F(ufnt)> + Q4(1 — 6°) + T7E§eQ¢ .
1+ R, = m o we,  (74)
t—1

= (1+ Rsft)wa,t

Since the shock controls the repayment capacity of debt, there is a value for wy, , which
shall be denoted with @y, , ;, below which defaults occur. With the contractual rate Zy
this threshold becomes . e

Zt let 1
(1+ RS QoaK

The expected earnings of the m-th entrepreneur (&5, ;) can be calculated based upon
the expected capital return and the ex ante productivity threshold as

fE 78 wedF (we)
&, = E t t+le o 14+ R QK"
' t { ( - [ - F (wm t+1)] Wint+1 ( t+1> e

The first term on the right-hand side characterises the expected earnings from the project
by taking all realizations for wy, ,.; > Wy, ;,; into account, and the second term on the
right-hand side reflects the payments to satisfy the debt contract. For wy, .y < Wy, 41,

(75)

m,t =

the entrepreneur would be left with no earnings. The function F (wg Wi ¢ +1) in Equation
(76) is the cumulative density function for realization of wf, which means that its value
for @y, ;. is the related ex ante default probability.

L ( mt+1) (1 + B < mt+1>> Qt = ZeLfn 2t (76>

Given the expected gross return of the project and its value as well as the borrowed
amount, this threshold is linked to the default-free risky bond rate with Z; as the gross
contract rate. The term wy, , denotes the realised threshold value while E; (wﬁn’t +1) is its
expected value.?”

39 An important difference between the original BGG setting and my setting is that the intermediaries
expect zero profits in the model, while in the BGG model zero profits hold every period (see, for instance,
Benes and Kumbhof, 2015).

02



One can make use of the following definitions. The expected profits of the financial
intermediary related to the realization of the productivity shock can be expressed as

0@ =7 [ @i+ [ wilw)i

The first term on the right-hand side is the return stemming from all non-default cases,
from which contractual payments result, while the expected pay-off in the case of defaults
is captured by

6(@) = [ wf(w)is

which is the last term on the right-hand side. Consequently, expected monitoring costs
of the financial intermediary are

u6(@) = [ " o f (@)

The expected expected net profits of financial intermediaries after paying for monitoring
become ©(w) — uG(w). The expected profits of the entrepreneurs from all no-default cases
are 1 — O(w). Furthermore, I have the definitions

Ox(w) = 1—-F(w)
Ge(w) = wWf(W)
f@) = Fz @)

whereas Xy is the first derivative of X with respect to Y.

The debt contract for the lenders reveals that the lenders want to earn as much as
they receive by investing in a risk-free asset. That is the reason why lenders’ opportunity
costs must be equal to the risk-free rate. Where the idiosyncratic shock exceeds the cut-
off value, the lender receives the contractual interest payments. The converse probability
of the default probability at the cut-off value of the shocks yields the probability of
contractual payments. For the range of realizations of the shocks that are below the ex
ante cut-off value &y, ,, the assets of the borrower are expected to be liquidated in order
to partly redeem the debt contract. Before collecting the remaining assets, the lender has
to observe the state of the borrower. Information is asymmetrically distributed, however.
While the entrepreneur can always assess its situation, the financial intermediary cannot
observe the state of the entrepreneur at no charge. As a consequence, the creditor has to
pay transaction costs, which lower its repayments in the case of a default. It is assumed
that the transaction costs are proportional to the realizable assets. These considerations
are summarised in Equation (77)

[1 - F (Et (win,t-kl))] A N (77)

Et(wfn,uq)
Hi-p) [ o (14 B (B ) Q5 P ()
0
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or

[1 - F (Et ( mt+1))] L (wm t+1) (1 + Ly ( t+1>) QLK (78)
w—) [T (1 () @is e )
= (I+r) Ly,

with rt = E, (rfﬁmp ) and rP? =rl.

Entrepreneurs have a long-run perspective and maximise the expected utility of con-
tinuing their business by choosing the quantity of capital K .« and selecting the expected
productivity threshold below which they default £, ( Wit +1).

e (1-18°) () 18]

whereas ptE “ is the probability that an entrepreneur stays in business, Hﬂf the terminal
funds available for exiting entrepreneurs at ¢ + ¢ which is simply their net worth at that
period in time, i.e. Hmt =N W,ff . The terminal funds are redistributed to the house-
holds. The variable A;;y; represents the discount factor which is households’ pricing

E76 —_—
Vi = (x max  Fy

m t’wm t+1}

kernel BA;” . The (expected) profits of entrepreneur (in nominal terms) is

(10 (5 (w5,.0)) B2 () Q6o

while the (expected) profits for intermediaries (in nominal terms) is
(@ (Et ( mt+1)) nG (Et ( mt+1))) E; <Rt+1> in,tK’ren,t

where T used the gross return on capital E,Ry = E; (1 + Rfji). The participation

constraint for intermediaries in real terms becomes

RMe . Re .
(@ (Et ( mt+1)) uG (Et ( mt+1))) L QtK t = WZ:ll Lm,t'
The value function in recursive form becomes
Vrﬁf - <1 - ptE,e> NW t + At t+1pt+1v FASE (79)

Next, I solve the optimisation problem and follow Carlstrom et al. (2015). First, I guess
that the individual value function is a linear combination of an aggregate value function
multiplied with individual net worth

v
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With its help Eq. (79) can be rewritten to obtain
VEENWEE = (1= pP) NWE + Auapl BVEINWL,.
The maximisation problem becomes
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where Ky, , = e t
m

The first-order conditions with ®m, as a Lagrangian multiplier are

is the leverage ratio.
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The equations to include in the model are
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Vo= Nt (1= 0§) + By (1= © (5,441)) EVQH Kt (86)
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The external finance premium (or credit spread) can be defined as

g B ()
"B (Ri)

k,A k,B
with FPA = % for type A and FPP = (IJF?JE—RL”J) for type B entrepreneurs.
t\Tt4+1 Tt

Ex post losses can occur if the realization of the shock leaves the realised capital return
below its expected value, so that the risky contract rate is not sufficient to compensate
the intermediaries for all defaults.

[F(@f) — F (Ery (@0F))] 21 Lf
e e —e k.e
Tf}’e =, (1 B /Lf’e) Ki Q71 G (B (@) (i:‘ B (R, >) . (87)
K, Qiy (14 BE) G@p)

The losses can be split up into two parts: the additional losses, because the realised default
rate F'(wf) is above its ex ante value F'(F;_; (wf)) (upper line on the right-hand side),
and the reduced amount of realizable assets through defaults (lower line on the right-hand
side). To complete the description of the financial contracting between the entrepreneurs
and the financial intermediaries, I introduce a time-varying standard deviation oy regard-
ing the distribution of the productivity parameter in each sector by assuming an AR(1)
process for the standard deviation in every sector

IOg O-t6 = (1 - pcr,e) lOg O-szl + 62’,1‘, 62’,1‘, ~ N (07 0-3',6) ;€€ (A7 B)

Thus, I have F(wf; 07 1), © (@;,t? af_l), and G (@fn’t; af_l) which is also applicable to the
first derivatives.

After choosing the amount of capital and the (expected) cut-off point given the cor-
responding intermediaries’ expected zero-profit conditions, entrepreneurs decide on the
capital utilization. Based on the assembled capital, they supply to intermediate goods
producers and they decide on the utilization of capital at the second state

KZ@,H—I = ufn,tKgm,t—H' (88)
They maximise the profits
max [Tf’eufn,t - F(ufnt)i| Ky 14
Upy ¢
given the costs
ke
e T e
I(ug ) = o (exp [ (e —1)] = 1) (89)

In the optimum, the real cost of capital (rf ) is related to the adjustment costs on
capital utilization (u)

8/87’f’e : Tf’e = k€ exp [wke (uf — 1)} (90)
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and is free of individual characteristics, i.e. every entrepreneur chooses the same utilization
rate.

A.6 Mutual funds

In a decentralised market structure, different banks could earn different ex post returns
(see Equation (76)) because some banks hold bonds issued by entrepreneurs that do not
default, while some have purchased bonds from entrepreneurs that do. By introducing
mutual funds, I easily circumvent this problem because I assume that mutual funds man-
age the market portfolio. Losses are redistributed to the bond holders via a reduced
payoff. 4

A.7 Banks

The balance sheet constraint of the bank is
AP, = Loy + QPP BT + QP BYY = Bl + Dy (91)

and the law of motion for bank equity is

1 cor cor cor 1 ov ov ov 1
Bly = (U+rky) Lua—+ (1+077) QP Bt — + (14 /97) QP4™ BI —
Tt Tt T
1 1
— (1 +r2)) =Dpp1— — Th, + ppre (92)
T T

which can be rewritten as

1

Uv

1
E7IL,t = RfAE,tfl - Rngn,tflﬂ_ - Tﬁ,t + HELL (93)
t

by using with R and R the gross interest rates and defining R4 = 147 as the average
(gross) return on assets held by banks

A L L B,corp B,corp B,gov B,gov
l+ry = (1 + 7"%1) Spt T (1 + 1y ) St +(1l+mn Snt s (94)
I I B QB,corchoTp B B,gov pgov B I B
: _ Lnit— ,Corp . Wi—1 n,t—1 ,gov __ Wi—1 n,t—1 ,gov ,COTP
With ¢ = J5 = i = T St = o s and Gt = LG — 6

n,t—1 n,t—1
The term gy, in Equation (93) is a shock to bank equity and is assumed to follow the

€xX0genous process
2
REIt = €EIL, €EIL ™ N (07 UEI) .
Bank managers maximise the franchise value of the bank, which is equivalent to their

terminal available funds Hfi ;= E7Iz,t7 by choosing the portfolio compositon of their assets
and the external funds

oo
Vi = oo ES A (1=p") (0®) T EL,,,. 95
n.t { L B B Dt} t ZZI tt+i ( ) ( ) it (95)

40This setting is discussed in greater depth in Kiihl (2014a).
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Bank managers like to divert a specific fraction of assets, from which the incentive con-
straint can be derived

n,t

Vftzel(} (Ln,t + AB,corpr’,cm"chorp + AB,gontB,gongf;v) . (96)

Similar to Gertler and Karadi (2013), the assets can be diverted to different degrees;
ABcrP and AB9°v denote the specific relative shares which can be diverted related to
corporate and government bonds, respectively. The franchise value of the banks can be
expressed in a linear form, which is

B L B,corp ~B,corp pcorp B,gov ~B,gov pgov D A I
Vn,t = v/ Ln;+vy Q; Bn,t + 1 Qy Bn,t — vy Dy — Un,tEn,t , (97)
or
B L B,corp ~B,corp ycorp B,gov ~B,gov pgov I
Vn,t = v Lp + v, Q; Bn,t + vy Q; Bn,t + ntEn,t )

where ﬁf,t catches the losses from the loan portfolio and is expressed in terms of bank’s
equity. Thus, bank managers optimisation problem is

L B,corp ~B,corp ncorp B,gov ~B,gov pgov I
Hclgi( souy Ut Ly~ v, Q; By + v Q; By + Nk 4
{L"7f7B Bn,t }

n,t

B B
s.t. an?t > 910 <Ln,t + AB,corth ,corpBTC;Z’P 4 AB,gont ,gong?tv> Aﬁt

The first-order conditions become

0foLng: vb = —i g
[OLyy: vy = m ;
orp B,corp glc; IC A B
c . ,CoTp ) ,cor
3/3Bn7t LU == (1+—A7]13,)0 A p,
a/aBg?tU . UtB,gov _ (1 +n$\££;) QICAB,gov’
and
0/8)\7{5 :
Arlit N Ui
E;rht o gIC (grﬁt —|—AB’COTpQﬁiCOTP—|—AB790U§5290U) _ (’UtLgél,t +UtB,corpgnBiécorp_’_UtB,govggigOU) :
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With the help of the method of undetermined coefficients, I get

L
Uy = EtQt,t+1At,t+1 (R ) )
Tt4+1
B,corp __ B,corp 1
Uy = LBl (Rm - ) ,
Tg4+1
B,gov Bgov 1
Ut = EtQt,t+1At,t+1< 41 ) ,
Tt+1
1
N = EtQt,t+1At,t+1 )
,t T+1
Lo — B A R
vy = 130t t4+14V 41
B,corp __ E.Q A R ,COTP 1
vy = 1 ot 1 0 140 4 )
Ti+1
B,gov ,gov
Vy = EtQtt+1Att+1Rt+1 S
Ti+1
1
D D
vy = BN (Rt ) ;
Tt4+1
TL 1
A n,t
Mt = EQy 1110 111 ol _—,
nt ) Tt+1
and
_ B B corp B,corp B,gov B,gov
Dy = (1_]) )+p [(Ut+1gt+1+vt+ Sv1 - T U Snitd ¢t+1+77t+1 :

Aggregation By combining all first-order conditions of the banking sector it can be
L

shown that they are free from individual characteristics as long as % is identical to all
lending banks. One necessary condition for this to hold is that the Lgérangian multiplier
for the enforcement constraint is identical across all individuals. It is easy to show by
forward iteration and the validity of the transversality condition that the term is (nearly)
identical to all individuals in the neighbourhood of the steady state, i.e. as long as the

sum of assets does not vary to much.** Thus, I can drop all indexes.

Knowing that the leverage ratio 2—’? is identical to all lending banks, I see from the
first-order conditions resulting from portfolio managers’ maximisation problem that the
portfolio shares related to the asset classes depend solely on the respective spreads be-
tween the (expected) lending rate and the expected return on government bonds which
is consequently identical to all individuals. Hence, the portfolio composition is the same
across all lending banks. Thus, aggregation of quantities across the individuals can simply

be conducted by integration. B B
For the sum of assets I get AP = [ AB,dn = <thEf01 El .dn = ¢!FE] and for each

asset class L; = fo ntdn = ¢t ¢IEEI QB COTPBCOTP _ fo Qf COTPBCOTpdn _ C corqulEEI

4IThis is a conventional assumption, particularly in models that work with collateral constraints, see
Tacoviello (2005), for instance.
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and QP9 BI% = fole 9 BIYdn = ¢ 9 GIE Bl respectively. The aggregation of lia-

bilities works similarly and the aggregate amount of external finance evolves as D, =

TIE
t

1) Jo Bl dn.

A.8 Exogenous shocks

Price mark-up shock. It follows an exogenous stochstic process
log Apt = (1= p,) 1og Ay + pa, 10g Ap i1 + €,

with 60, as the steady-state value and €,; ~ ¢.7.d. N (O, ag).

Bank equity shock

HEIt = €EIt-

A

Risk shock for type A entrepreneurs with innovations €, ,

w is o2

where the variance of log

log (JtA) =(1- pf) log (O’A> + plog (UtA,l) + eﬁt.

B

Risk shock for type B entrepreneurs with innovations €., where the variance of log

w is o?
log (67) = (1 — pZ) log (¢7) + pllog (¢/7,) + egt.

A

Net worth shock for type A entrepreneurs with innovations €',

log (171) = log (v5) + 2.

B

Net worth shock for type B entrepreneurs with innovations €,

log (%E ’B> = log (vF) + €2,
Government expenditures
log Gy = (1 — pg) log Gss + palog Gi_1 + €y
Investment-specific technology shock
log prse = prlog pirs—1 + €ry.

Monetary policy shock €.

Stationary shock on total factor productivity

log Ay = palog As_1 +€ay
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Non-stationary shock on technology Z; with stationary growth rate
log (z¢) =log (Zi/Z1-1) = (1 — p,)log (2s) + p.log (Zi_1/Z1—2) + €.4

)

Shock on labour supply

log v = pnlog vy + eny.

Shock on lump sum taxes
Urt = priTi—1 + €14

measurement
Ve, and

, and the volume of govern-

Measurement errors on growth of entrepreneurs’ franchise value, e
e’{}%ﬁsweme”t, the yield on government bonds €

ment bonds held by banks € %surement,

measurement
Bgov,B¢

Observables
GDP growth

dGD Py =log (I + C; + Gy) —log (I;_1 + Cy_1 + Gy_1) + log z; — log z4

Investment growth

dls = log Iy —log I, + log z; — log z

Consumption growth

dC s == log Cy — log C;_1 + log z; — log z

Rate of inflation
Tobs = (T — ) X 400

Corporate bond rate
Zh = (2] — Zz2) x 400

Loans rate
zh, = (ZP — ZP) x 400

Policy rate
Gobs = (14 — is) x 400

Growth in real wages

dweps = log wy — log w1 +log 2 — log 2
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Growth in bank loans

dLoys = log Ly — log Ly_1 + log z; — log 2,

Total employment
Eops = log By — log E

Growth in franchise value of entrepreneurs in sector A

obs

Growth in franchise value of entrepreneurs

dVE =log V¥ —log V¥ +log z — log z, + epgeurement
with V;Z = V74 4+ VPP,
Growth in bank holdings of corporate bonds

d (QB,corchorp)O . — IOg QtB,coTthcm"p o lOg QiiorpBgqu + lOg 2 — log Zs

b
Growth in bank holdings of government bonds

B, ,B B,gov ov,B B,gov ov,B t
A(QP BImE) | —log QP BI™ P —log QP BI P +log 2~ log 2+ it

obs
Growth in stock of government bonds outstanding

d(QPo B | =log Q7" B —log Q9" B{% + log z — log 2
Yield on government bonds

7,B,gov _ (T,B,gov B 7,B,gov) % 400 + E%e,(;iqj;emem,

obs ytm,t ytm,s
B,gov
3 B,gO'U — B’QOU t—1
with 70 = <1 + 7y ) QF v L.
t

Growth in bank equity

dE’,, = log E! —log B +log 2, — log 2.

obs

Data

Consumption (real): Individual consumption expenditure - Euro area 18 (fixed
composition) - World (all entities, including reference area, including 10), House-
holds and non profit institutions serving households (NPISH), Euro, Chain linked
volume (rebased), Non transformed data, Calendar and seasonally adjusted data.
Source: European Central Bank,
MNA.Q.Y.I7.W0.S1M.S1.D.P31. Z. 7Z. T.EUR.LR.N.
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Investment (real): Gross fixed capital formation - Euro area 18 (fixed composi-
tion) - World (all entities, including reference area, including 10), Total economy,
Fixed assets by type of asset (gross), Euro, Chain linked volume (rebased), Non
transformed data, Calendar and seasonally adjusted data.Source: European Cen-
tral Bank,

MNA.Q.Y.I7.W0.51.S1.D.P51G.N11G._T. Z.EUR.LR.N.

Gross domestic product: Gross domestic product at market prices - Euro area
18 (fixed composition) - Domestic (home or reference area), Total economy, Euro,
Chain linked volume (rebased), Non transformed data, Calendar and seasonally
adjusted data.Source: European Central Bank,
MNA.Q.Y.I7.W2.51.S1.B.B1GQ. Z. Z. Z.EUR.LR.N.

GDP Deflator: Gross domestic product at market prices - Euro area 18 (fixed
composition) - Domestic (home or reference area), Total economy, Index, Deflator
(index), Non transformed data, Calendar and seasonally adjusted data. Source:
European Central Bank,

MNA.Q.Y.I7W2.51.S51.B.B1GQ. Z. Z. Z.IX.D.N.

Bank equity: Euro area (changing composition), Outstanding amounts at the
end of the period (stocks), MFIs excluding ESCB reporting sector - Capital and
reserves, All currencies combined - World not allocated (geographically) counterpart,
Unspecified counterpart sector sector, denominated in Euro, data Neither seasonally
nor working day adjusted. Source: European Central Bank,

BSI.M.U2.N.A.L60.X.1.Z5.0000.Z01.E.

Loans: Euro area (changing composition), Outstanding amounts at the end of the
period (stocks), MFIs excluding ESCB reporting sector - Loans, Total maturity, All
currencies combined - Euro area (changing composition) counterpart, Non-Financial
corporations (S.11) sector, denominated in Euro, data Neither seasonally nor work-
ing day adjusted. Source: European Central Bank,
BSI.M.U2.N.A.A20.A.1.U2.2240.Z01.E.

Corporate bond holdings in banking sector: Euro area (changing compo-
sition), Outstanding amounts at the end of the period (stocks), MFIs excluding
ESCB reporting sector - Debt securities held, Total maturity, All currencies com-
bined - Euro area (changing composition) counterpart, Non-MFIs excluding general
government sector, denominated in Euro, data Neither seasonally nor working day
adjusted. Source: European Central Bank,

BSI.M.U2.N.A.A30.A.1.U2.2200.Z01.E.

Government bond holdings in banking sector: Euro area (changing composi-
tion), Outstanding amounts at the end of the period (stocks), MFIs excluding ESCB
reporting sector - Debt securities held, Total maturity, All currencies combined -
Euro area (changing composition) counterpart, General Government sector, denom-
inated in Euro, data Neither seasonally nor working day adjusted Source: European
Central Bank,

BSI.M.U2.N.A.A30.A.1.U2.2100.Z01.E.
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e Outstanding amount of government bonds: Outstanding amounts of euro-
denominated long-term debt securities issued by general government in Euro area
(changing composition) Outstanding amounts at the end of the period (stocks),
Long-term securities other than shares, Nominal value, General government issuing
sector, Euro, denominated in Euro,Euro area (changing composition) Source: Eu-
ropean Central Bank,

SEC.M.U2.1300.F33200.N.1.EUR.E.Z.

e Yields on government bonds: BOFA ML GERMAN FED GVT ALL MATS(E)
- RED. YIELD. Source: Datastream, MLBDAME(RY).

e Yields on non-fin. corp. bonds: BOFA ML EUR NON-FIN. BBB (E) - RED.
YIELD. Source: Datastream, MLNF3BE(RY).

e Loan Rates: Euro area (changing composition), Annualised agreed rate (AAR)
/ Narrowly defined effective rate (NDER), Credit and other institutions (MFI ex-
cept MMFs and central banks) reporting sector - Loans, Total original maturity,
Outstanding amount business coverage, Non-Financial corporations (S.11) sector,
denominated in Euro
MIR.M.U2.B.A20.A.R.A.2240.EUR.O
Monetary Union (MU), Credit institutions and other MFTIs reporting sector - Interest
rate (Unspecified rate type) on Loans, Over 1 year maturity, New business cover-
age, denominated in All currencies combined - Non-Financial corporations (S.11)
counterpart sector
RIR.M.U2.A.A20.K.2240.Z01.N.Z.R
Monetary Union (MU), Credit institutions and other MFIs reporting sector - In-
terest rate (Unspecified rate type) on Loans, Up to 1 year maturity, Unspecified
business coverage, denominated in All currencies combined - Non-Financial corpo-
rations (S.11) counterpart sector. Source: European Central Bank,
RIR.M.U2.A.A20.F.2240.Z01.Z.Z.R. .

e Entrepreneurial net worth (aggregate): Equity/index; Dow Jones Euro Stoxx
Price Index, Average of observations through period (A). Source: European Central
Bank,

FM.M.U2.EUR.DS.EI.DJEURST.HSTA.

e Entrepreneurial net worth (sector A): Equity/index; Dow Jones Euro Stoxx 50

Price Index, Average of observations through period (A). Source: European Central
Bank,
FM.M.U2.EUR.DS.EI.DJES50I.HSTA.

D The optimality of the debt contract between en-
trepreneurs and banks

For the contract described in Bernanke et al. (1999), it is assumed that financial interme-
diaries are risk-neutral and earn zero profits. The participation constraint of the financial
intermediaries states in this case that they need to earn as much as they have to pay
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for their debt. Given the participation constraint and the verification requirement for
defaults statements which are related to monitoring costs, entrepreneurs have no incen-
tive to deviate from the conditions of the contract. From this point of view, the contract
is globally optimal. Although banks are risk-neutral in my case, they do not earn zero
profits as a result of financial frictions between the banking sector and the households. I
argue that the contract is locally optimal from the banks’ point of view. Regarding the
loan and the corporate bond portfolio, bank managers can earn a rate which is ex ante
free from default risk as a result from perfect portfolio diversification. As a consequence
of the bank-specific financial frictions related to different shares of diversion, the default-
free loan rates differ, whereas the relationship is governed by the first-order conditions. In
order to take the portfolio diversification issues and the constraints regarding their divert-
ing behaviour into account, bank managers demand different loan rates to participate in
the contract with the entrepreneurs. For this reason, bank managers try to maximise the
pay-off resulting from each individual contract. The value of each loan contract between
the n-th bank and the m-th entrepreneur becomes

B,L L
Vnmt E; E Ay 1 ( m,t—1+j Rt71+j) Ln,m,tflﬂ'
and for purchases of corporate bonds
B ,Bcorp __ - F A B ,corp B ,COT'D QB corp corp
nmt t t,t+1 mt+] t+J t—1+4j nm,t71+j‘

The gross returns with tildes are the rates the bank managers require to participate.
Maximisation yields

a t
& — A ( RE RL) —0
aant tiit,t+1
and
a nmt ~ B _cor cor cor
apery, — Ll (Rnsre = RES™) QP =0,

Up to first order this means that ant = REF and E, (Rﬁiff ) = E, <R£ﬁorp ) Hence,
bank managers need to participate in the contract to earn the group-specific default-
free rate, which means that they participate in the contract only if R or E; <Rffl°rp ),

depending on the group, can be earned as a minimum.

E The optimality of the debt contract between banks
and households

I formulate a two-sided agency problem between non-financial firms and banks and be-
tween banks and households. The way in which I solve the contracting problem between

banks and households and the agency problem between the non-financial sector and banks
does not seem to be a major factor. However, the two problems could be interrelated be-
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cause the outcome of the contract in the non-financial sector might affect the bankers’
decision to run. If the incentive constraint holds, bankers will not run. In this section I
show that the combination of the two agency problems does not alter the general conclu-
sion.

The value of the bank under the no-default case is which is equivalent to
the value that appears for continuing business. The value under running is

VB,nofrun
t

VPR = Bl (1= ) (L APIQRTIBIY 4 AP QP B 4 D,

where AP and AB9°V denote asset-specific diversion shares. With the help of banks’
balance sheet I can write

B B B
‘/;; run. QIC (Lt + AB,corth ,COTPBtCOTP + AB’gont 7901)Bfov> )
Thus, there is no incentive for the bankers to run if
B,no—run e B,cor B,corp corp B,gov nB,gov pgov
Vi >0 (Lt +A PQ, B + AP Q 7B, )

holds.

As described in the previous section, entrepreneurs from the non-financial sector sign
a contract without the incentive to deviate from its conditions. For this reason, potential
misbehaviour by entrepreneurs can be ruled out and does not affect the decision of bankers
to run. However, ex post losses from the loan portfolio or from the bond holdings can
have an impact on bankers’ decision to run as they reduce the realised value of the bank.
Following the arguments of Tacoviello (2005) raised for collateral constraints, the incentive
constraint is binding in the neighbourhood of the steady state, i.e. as long as the shocks
are not too large. This is true in my case because unexpected losses play a minor role
compared to expected losses which are completely captured through the external finance
premium.

F Portfolio rebalancing effects from government bond
purchases

In Figure (13) I show how the purchases of government bonds by the intervention au-
thority affect the portfolio holdings of government bonds in the household sector and the
banking sector and how they influence the supply of government bonds. The purchases
of government bonds by the intervention authority lead to a redistribution of government
bond holdings from the private sector to the public sector. The lower returns of govern-
ment bonds as a consequence of the purchases causes households and banks to reduce
their holdings, whereas the majority of the intervention authority’s purchases stem from
the banking sector.*? At the same time government bond supply is lower for two reasons.
On the one hand, the fiscal agent collects more taxes as consumption, capital, and labour
increase. On the other hand, the fiscal authority also benefits from lower borrowing costs.

42Tt should be noted that there is a large degree of uncertainty around the median responses of the
household sector, reflected by the HPD intervals covering positive and negative values.
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Figure 13: Effects of government bond purchases on portfolio holdings

Household sector Banking sector Volume outstanding
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Notes: The figure presents the effects of government bond purchases which are induced as “purchase shocks” as presented
in Equation (32) with N = 0. The black solid lines represent the median from a purchase shock amounting to 2. 5% of
gross domestic product (GDP). The grey areas show the 90% highest posterior density intervals.

G The stock and flow effects in announced and antici-
pated programmes

Next, I compare the cases of distributing the purchases across a specific period in time. In
Figure 14 I treat four cases, whereas two of them are stemming from Figure 4. The black
solid lines and the blue dashed lines refer to the cases in which purchases are announced
in advance to occur in four and eight quarters, respectively. After the purchases have
stopped, the stock dissipates over time. In addition I present results for cases treated
before, i.e. cases in which the purchases are distributed across four (red dashed lines with
dots) and eight quarters (magenta dotted lines), respectively. The maximum stock of
government bonds held by the intervention authority is in all cases the same but the time
profile of holdings is different. In the new two cases the purchases are not distributed
across periods which means that the purchases in every period are obviously larger than
for the two other programmes. By investigating an announced one-off programme, I am
basically able to treat an anticipation effect related to the expected stock of government
bonds held by the authority. With the two other programmes there is also an anticipation
effect but it is additionally related to the expected stock and to the expected path of
purchases. By comparing the two different programmes for each of the two cases, I am able
to identify flow effects of purchases. As can be seen in Figure 14, the qualitative responses
of the real economy do not change. Nevertheless, the maximum effects on output and
investment are slightly stronger which can solely be related to the anticipation effects.
Thus, the stronger boost in investment results mainly from the expectational effect of
agents. Since agents anticipate the drop in borrowing conditions, the real sector starts to
produce more capital. Hence, output is driven by more investment and the wealth effect
stimulates consumption. However, there are remarkable changes in the financial sector.
A stock effect again pushes bank profits upwards until the period in which the purchases
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end. Obviously, flow effects through the purchases contract bank equity more quickly.

Figure 14: Comparison of responses to a one-period government bond purchase pro-
gramme (black solid lines), and previously announced programmes distributed over one
(blue dashed lines) and three years (red dashed lines with dots)
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===== Pyrchases distributed across eight quarters (announced)

Notes: The figure presents the effects of government bond purchases which are induced as “purchase shocks” as presented
in Equation (32). The purchases are scaled to achieve a maximal stock of 2.5% of GDP in every case. The responses are
median responses from the estimated model.

For the announcement cases including the purchases’ distribution over time, a small
amount of purchases is already being conducted in the first period; however, the lion’s
share of the volume is reached in later periods. With a longer duration of purchases, the
anticipation effect more than offsets again the portfolio rebalancing effect, which depresses
banks’ profit margins on impact and weakens bank net worth. Only once the entire
volume is realised does the portfolio rebalancing channel start to dominate, weakening
the balance sheet of the banks. It seems as distributing the purchases over a time while
reaching the same maximum stock at the same time, produces larger stabilisation gains
in the real economy for a longer duration of the programme. However, the evaluation of
the quantitative effects on output in Figure 14 can be misleading because the time profile
of intervention authority’s balance sheet is different. For taking a size effect into account
I refer again to present value gains which are shown Table 4 and also draw on the present
value gains given in Table 5 for the other cases. In the case where purchases are distributed
across the periods, the long-run gain in output is not stronger compared to the announced
purchases in one period. An output gain of 1.479% in terms of a cumulated balance sheet
can be realised in ten years for the distribution of purchaes over eight quarters while a

68



output gain of 1.483% is achieved for purchases conducted in eight periods. For the two
accounced ad hoc programmes the long-run effects are quantitatively very similar. It turns
out that the present value gain in output is larger for the announced one-off programmes
compared to the distribution of the purchases over time. This indicates that a flow effect
is responsible for the differences among the cases which materialises in a quicker drop of
bank equity in the case of distributing the purchases over time.

Table 5: Present value gains in output following from announced one-off programmes

in % 1 year 10 years
Purchases in four quarters, announced 2.38 1.479
Purchases in eight quarters, announced 1.483

Notes: The table shows the present value gains in output over a specified period for government
bond purchases. The gains in output are expressed in percentage deviations from steady state
and are weighted with the time-preference rate. The present value gain is defined as:

gain = Zszl BF (Xpip1 — Xs) /Zf:1 BF (Zyy1—1) - 100, with X as output and Z the stock of
government bonds held by the central bank. Since the balance sheet is zero for announced
purchases taking place in the eighth quarter, the present value gains for the first year are not
computed.

H Government bond purchases and a lower bound on
the interest rate

The results in the main text are derived by letting the policy rate adjust endogenously
according to the Taylor rule. Since government bond purchases eventually raise the rate
of inflation, the policy rate rises as a consequence. However, government bond purchases
have been introduced by central banks in an environment in which the policy rate reached
its effective lower bound. In order to investigate the effects of government bond purchases
for an lower bound scenario, I approximate this environment by keeping the policy rate
constant for a specific time period.*® In Figure 15 I compare the benchmark case from the
main text (surprise programme) with the generic effective lower bound case (denoted by
ZLB). The results from the main text do not change qualitatively by introducing a period
of a constant policy rate. As a result from preventing the policy rate to rise, consumption
improves on impact in the lower bound case which boosts output by more compared to
the benchmark case. This is also the reason why inflation rises by more. Investment
behaves similarly in both cases. Lending to the entrepreneurs is on a lower trajectory in
the lower bound case because entrepreneurs’ leverage ratio drops by more showing that
investment is financed to a greater extent through internal funds, i.e. net worth. The
build-up of net worth is stronger because the rise of the policy rate in the benchmark case
slightly offset the improvement in borrowing conditions.

43Technically, this is imposed by anticipated shocks to the policy rate. Agents consequently know the
exact time profile for the policy rate for buidling expectations accordingly.
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Figure 15: Effects of government bond purchases and a lower bound on the policy rate
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Notes: The figure presents the effects of government bond purchases which are induced as “purchase shocks” as presented
in Equation (32) by keeping the policy rate (blue dashed lines) for three years constant. These cases are contrasted with
the unconstrained benchmark case (black solid lines). The purchases are scaled to achieve a maximal stock of 2.5% of GDP
in every case. The responses base upon the simulation of the model at its mode.
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