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Abstract

Wir untersuchen die Auswirkungen makroprudenzieller Maßnahmen auf
die makroökonomische Stabilität mit Hilfe eines DSGE-Modells, in dem Un-
ternehmen sowohl Zugang zu direkter als auch zu indirekter Finanzierung haben.
Das Modell wird mit Daten des Euroraums kalibriert. Wir vergleichen zwei
verschiedene makroprudenzielle Regeln (zeitinvariant und antizyklisch) in Gegen-
wart eines geldpolitischen Schocks und eines makroprudenziellen Schocks. Wir
stellen fest, dass die makroprudenzielle Regel kaum Auswirkungen auf die An-
passungsdynamik bei einem geldpolitischen und makroprudenziellen Schock
hat. Die direkte Finanzierung erhöht die Auswirkungen von monetären Schocks
auf die Volatilität der Finanzvariablen, nicht aber der Produktion und Infla-
tion. Gleichzeitige geldpolitische und makroprudenzielle Schocks verändern
die Reaktion der Inflation im Vergleich zu einem geldpolitischen Schock nicht,
verursachen aber dauerhafte Produktionsverluste.



1 Introduction
Since the outbreak of the financial crisis in 2008, the toolbox of central banks has expanded
considerably. Unconventional instruments have supplemented conventional monetary policy
instruments through forward guidance, quantitative easing and even negative interest rates.
In addition, central banks have been given several new macroprudential tools, such as refined
capital requirements for commercial banks, which now include a counter-cyclical capital
buffer, a capital conservation buffer, a systemic risk buffer and a surcharge for globally active
financial institutions, for example as codified for the Eurozone in the Capital Regulation
Directive IV (CRD IV) and the Capital Requirements Regulation II (CRR II) (European
Parliament and of the Council 2013a,b).1 Banks must also meet certain liquidity coverage
ratios and minimum requirements for their funds and eligible liabilities.

While macroprudential instruments aim to ensure financial stability and protect the
financial sector from severe crises (Angeloni and Faia 2013; ECB 2016), they also affect
macroeconomic stability. To the extent that these instruments are suitable for preventing
financial market instability, macroprudential tools such as higher capital requirements affect
the ability of commercial banks to lend to firms and households.2 They raise the cost of
banking operations and drive a wedge between the risk-free interest rate set by monetary
policy and banks’ lending rate (Kannan et al. 2012). On the other hand, larger capital
requirements incentivise firms to reduce their dependence on bank financing. However,
whether more stringent macroprudential measures will increase or decrease the lending rate
remains uncertain.

Central banks need to assess the impact of macroprudential instruments on macroe-
conomic stability to fulfil their mandate, often to guarantee price stability, sometimes
supplemented by high employment and a zero output gap. Such an assessment must consider
that firms can access bank financing (indirect finance) and financial markets (direct finance),
depending on their capital endowment. Thus, macroprudential instruments influence macroe-
conomic activity directly through changes in intermediary lending and indirectly through
changes in financial market funding, often a substitute for bank financing.3

1 The regulation is also applied in non-Eurozone member states if they choose to follow these
regulations.

2 It is disputed whether macroprudential tools alone are sufficient to ensure financial stability or
whether monetary policy should also consider stability goals (Angeloni and Faia 2013; Dybowski
and Kempa 2019). Similarly, Dautović (2020) notes that higher capital requirements increase
the overall loss-absorbing capability of banks. At the same time, they promote the risk-taking
of banks that might invest in potentially more profitable but riskier assets. On the other hand,
the ECB seems confident that macroprudential tools are sufficient (Constâncio 2018).

3 An example is given by the euro area, where the financing structure of non-financial firms has
changed significantly since the outbreak of the financial crisis (Deutsche Bundesbank 2018). In
the four largest economies (Italy, France, Spain and Germany), internal financing has increased
sharply and been subject to only minor fluctuations. In comparison, external corporate financing
declined and showed strong cyclical fluctuations. Within external corporate financing, bank
loans lost importance compared to the issuance of securities, both in the form of bonds and
shares. Small and medium-sized enterprises were particularly affected by the more difficult
access to bank loans because they had limited alternative forms of financing. Such changes in the
financing structure affect the vulnerability of firms to financial shocks and alter the transmission
channels of monetary policy to the real sector (Holm-Hadulla et al. 2022)
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Figure 1. This figure shows the year-on-year percentage change in the monthly harmonized consumer
price index (HCPI), i.e. the euro area inflation, from 2010 to 2023. source: Eurostat and own
representation.

Finally, despite the expansionary monetary policy stance, the inflation record within
the euro area was rather modest until 2021. Only in spring 2018 did inflation, measured by
the (harmonised) consumer price index, reach 2 %. Before (from 2013 to 2018), inflation
moved between 0 and 1.5% (see Figure 1). This sluggish inflation record sparked a debate
about the reasons for the seemingly declining importance of monetary policy for inflation
in the euro area. One explanation focuses on the interest rate set by the central bank and
the overall economic credit cycle. There are two possible transmission channels. The first
one refers to monetary policy decisions by the Eurosystem since the financial crisis of 2008,
which have been more focused than before on avoiding financial instability and preventing
the emergence of asset price bubbles. Such a "leaning against the wind" policy sets a higher
interest rate than is necessary to maintain price stability.4 The second channel refers to
macroprudential tools at hand of the Eurosystem, which aim to increase financial stability
and thus make “leaning against the wind” unnecessary. Thus, the ECB could maintain
its primary objective and set lower key interest rates while using macroprudential policy
tools to maintain financial stability (Constâncio 2018). The period from 2013 to 2018 has
seen tighter macroprudential targets in response to the financial crisis and a rather loose
monetary policy, and it remains unclear how both policies interact.

4 Indeed, the ECB has announced on several occasions "that consideration should be given to
’leaning against the wind’ of asset price bubbles when taking interest rate decisions" (ECB 2010;
see also ECB 2005; Issing 2009; Papademos and Stark 2010).
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Against this background, this paper aims to assess the importance of macroprudential
instruments for macroeconomic stability in an economy where firms have access to both
financial markets and bank finance, as well as the interaction with monetary policy. We ask
the following questions:

• How do different macroprudential rules affect macroeconomic stability?

• How does direct finance influence macroeconomic stability?

• What is the model-based inflation response to a simultaneous monetary and macro-
prudential policy shock?

We use a DSGE model of a closed economy with a financial sector that includes financial
intermediaries and securities markets. Capital goods firms’ access to external financing
depends on their own and banks’ equity. We take a maximum leverage ratio for banks
as a macroprudential instrument and the short-term nominal interest rate as a monetary
policy instrument. Both instruments are used by the same institution, namely the central
bank, and there are no coordination problems between monetary policy and macroprudential
instruments. The central bank applies a rule for each instrument, namely a variant of the
Taylor rule for the interest rate and a simple feedback rule for maximum leverage.

Our modelling of the financial sector applies the double moral hazard problem taken from
Holmström and Tirole (1997). This framework considers funding through intermediaries
and funding through financial markets and allows both forms of investment finance to
coexist. The model considers financial intermediaries—such as banks—as institutions that
reduce the credit rationing of firms by monitoring their activities. Through monitoring, the
firm has lower incentives to engage in moral hazard but pays a higher interest rate. The
monitoring activities by the intermediary are not publicly observable, which requires the
bank to be sufficiently remunerated to monitor. Hence, financial intermediaries are used
only if monitoring is not too expensive. Otherwise, firms use direct finance through markets.

Holmström and Tirole (1997) propose two variants of their model. The first assumes
a fixed investment level for all individual firms. Furthermore, they assume heterogeneous
equity endowments among firms. These two assumptions imply that firms need minimum
equity endowments to obtain financing from banks (indirect finance) or markets (direct
finance) to fund investment for their project. However, this model variant only allows for a
constant investment level.

The second variant allows firms to choose their optimal investment level. Each firm
chooses an investment level that uses all its equity, and intermediaries finance the remaining
funds. Consequently, equity endowments of firms are irrelevant since banks finance every
investment exclusively. Thus, it is unnecessary to distinguish between equity-rich and
equity-poor firms in the second model variant.

In order to allow for a coexistence of indirect and direct financing with variable investment,
we make use of an investment externality. We assume that owners of capital goods firms
(entrepreneurs) have heterogeneous equity endowments and that a firm’s return on investment
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depends on average investment at the firm level. The economic rationale behind this
assumption is that investment by one entrepreneur increases not only his return but also
the return on investment of other entrepreneurs, which resembles a positive externality.
Therefore, an individual entrepreneur cannot choose investment and would imply a constant
investment for all firms in every period. However, we achieve variable investment in our
model by allowing households to choose investment through their savings decision.

Investment externalities offer a convenient way to justify why individual project returns
increase with investment (Conley and Dupor 2003; Harrison 2003).5 Such externalities may
result from demand or agglomeration (cluster) effects, which explain why one entrepreneur’s
investment also affects other entrepreneur’s project returns.6 For example, when investment
activity increases, demand for goods and labour increases, which positively affects the
returns generated by other firms. Agglomeration effects arise from knowledge spillovers.
They improve the overall quality of labour, which is particularly important for R&D-intensive
firms.

We integrate the Holmström and Tirole (1997) framework into a medium-sized DSGE
model, a lá Smets and Wouters (2003) and calibrate the model using numerical results from
previous studies for the euro area. We consider two types of external shocks: an expansionary
monetary policy shock and an adverse macroprudential policy shock. We compare two types
of macroprudential policy regimes: a counter-cyclical and a time-invariant macroprudential
policy. We find that the type of macroprudential policy regime only modestly affects
macroeconomic stability but affects external funding quantitatively in the case of monetary
policy and macroprudential shocks. The reason is that time-invariant macroprudential
policies force banks to maintain a fixed leverage ratio while counter-cyclical policies are more
flexible, which affects bank lending, investment, and financial market funding.

Furthermore, an economy with a larger share of direct finance is less capital intensive and
prone to larger volatility in the financial sector and output in case of a monetary policy shock.
However, inflation is less volatile. Furthermore, a larger share of direct finance increases
the impact of tighter leverage ratios (macroprudential policy shock) in a counter-cyclical
macroprudential policy regime since bank equity is more volatile, which causes a stronger
regulatory response and reduces the ability to fund investment.

Finally, an economy prone to a simultaneous monetary policy and macroprudential
policy shock responds almost equally to an economy prone to a single monetary policy shock.
Hence, the monetary policy shock dominates the response of the economy. In particular,
such a simultaneous shock does not alter the response of inflation. However, it causes
(small) permanent losses in output, investment and external finance compared to a separate
monetary policy shock.

5 Evidence shows that lending cuts by banks not only affect the firms borrowing from them, but
also influence economic activity in the regions in which the firms operate (Berg et al. 2021;
Huber 2018). Likewise the returns that firms make on borrowed capital increase if other firms
are able to obtain financing too (Jorge and Rocha 2020).

6 Note that investment externalities not only imply that the returns of entrepreneurs depend on
other entrepreneurs’ investments but also increase banks’ failure risk since they provide too
much insurance against liquidity risks. (Dietrich and Vollmer 2023).
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Several other papers also examine the financial sector’s role in the transmission of real
and financial shocks. We differ from them in two aspects. First, all papers assume that
firms finance themselves either by issuing securities (Bailliu et al. 2015; Iacoviello 2005) or
by taking bank loans (Angelini et al. 2014; Cozzi et al. 2020; Kannan et al. 2012; Meh and
Moran 2010), but do not consider a coexistence of direct and indirect corporate finance. The
only exception is Coenen et al. (2018), who investigates the role of unconventional monetary
policies but do not consider macroprudential regulation.7 Second, models with a banking
sector often refrain from endogenising either the existence of the bank or macroprudential
regulation. Some papers justify the existence of a bank as a consequence of incentive
problems between capital providers and capital takers due to information asymmetries
(Christensen et al. 2011; Silvo 2019) or incomplete financial contracts (Angeloni and Faia
2013). They introduce macroprudential tools into the analysis but without further justifying
their existence. Other papers justify why banks are subject to macroprudential regulation
but assume the existence of a bank. Such regulations prevent strategic default in interbank
markets (Dib 2010). In this paper, we explain the bank’s existence by incentive problems due
to information asymmetries between entrepreneurs and households and justify the existence
of macroprudential regulations utilising investment externalities that lead to over-investment.

The paper is structured as follows: Section 2 presents the model setup. Section 3 gives
the calibration, and section 4 presents the simulation results. Section 5 discusses how a
different degree of direct and indirect finance affects the transmission of shocks. Furthermore,
Section 5 discusses how correlated policy shocks affect macroeconomic stability. Section 6
summarises and concludes.

2 Model Set-up
We follow Chen (2001), Christensen et al. (2011), and Meh and Moran (2010) and consider
a model with two types of risk-neutral agents: entrepreneurs (e) and bankers (b), with
masses ηh, ηe, and a risk-avers households (h) with mass ηb = (1 − ηe − ηh). In addition,
one type of firm produces intermediate goods, a second type produces a final good, and
a third type produces a capital good. Households own the intermediate goods and final
goods firms. Time t is discrete. Intermediate goods (indexed j) are produced by firms facing
nominal rigidities under monopolistic competition using capital goods and labour as inputs.
Furthermore, the single final (consumer) good is assembled under perfect competition with
only intermediate goods as inputs. Finally, capital goods firms assemble a (single) capital
good using a technology with the final good as input. Entrepreneurs own the capital goods
firms. The consumer good serves as the numeraire, and the price of the capital good in units
of the consumer good is qt.

Households supply labour, consume, save, and make a portfolio choice. They supply
financial funds to entrepreneurs either directly by buying bonds or indirectly through banks in
the form of deposits. Bankers and entrepreneurs inelastically supply one unit of labour each.

7 Hence, the central bank buys corporate bonds. However, there is no other agent financing
investment directly.
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Figure 2. shows the flow of funds in the model in period t. Households, entrepreneurs, and bankers
each start with an initial supply (kt) of capital goods, which they lend to intermediate goods producers
together with their labour supply (lt). Final good producers assemble intermediate products into the
final good. Agents receive a capital income and a labour income which increases their net wealth.
Households and bankers provide this net wealth to entrepreneurs who use it with their equity to
produce homogenous capital goods. New capital goods form agents’ initial endowment of capital
goods in the following period t + 1

Bankers raise funds from households, lend to entrepreneurs and monitor firms. Entrepreneurs
need financing from households or banks to produce a capital good. Figure 2 illustrates the
flow of funds during one single period t.8

2.1 Financial Sector

2.1.1 Moral Hazard

Entrepreneurs have access to the same production technology (project idea) but differ in
equity endowment nt ∈ (0, nmax) to allow for a coexistence of indirect and direct financing.
The distribution of nt across entrepreneurs is given by a cumulative density function G(nt)
with nt ∼ U(0, nmax). Each project requires an identical average investment It ≡ it

ηh+ηb+ηe =
it > nt at t with the individual investment level it. Hence, an individual entrepreneur cannot
choose investment. Furthermore, firm’s return on investment depends on average investment
It. at the firm level. The project generates a verifiable and publicly observable return of
R(It) = RIt (R > 0) in t + 1 if the project is successful—with probability p∈

{
pH ; pL

}
—and

zero otherwise. Variables nt and It are measured in units of the consumer good; R(It) is
measured in units of the capital good. Each entrepreneur can choose between three versions
of the project:

• A project with "no-private benefit" with a probability of success pH > pL.

• Two versions of the project with identical success probability pL := pH − ∆p, (∆p > 0)
but with two different levels of a private benefit b̃(It) = bIt with b ∈

{
B; B̄

}
and

8 Every period t is subdivided into sub-periods τ = 0, 1, ....
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B̄ > B > 0.

Without the bank, the entrepreneur will always prefer the version with private-benefit
b = B over the version with private-benefit b = B since they all produce the same low
probability pL. Furthermore, the private benefit is scaled up by the average level of investment
because otherwise, moral hazard becomes more irrelevant the larger the average level of
investment. A reasoning could be that the outside option increases with the availability of
capital goods, which increases with the average level of investment. For example, the more
(capital) goods are produced, the larger the alternatives for consumption, increasing the
private benefit of the entrepreneur.

Variables nt, p, b, It, R, q, pH , and pL are common knowledge, but only the entrepreneur
knows which version of the project he will undertake. It is assumed that the project is
economically viable only if the entrepreneur chooses the no-private benefit project, i.e., if

qtp
HRIt − (1 + rd

t )It > 0 > qt(pH − ∆p)RIt − (1 + rd
t )It + qtB̄It ,

holds, where 1 + rd
t is the (gross) market interest rate.9 Finally, we assume that returns of

the project funded by each bank are perfectly correlated.10

Note that thus far, our modelling would imply a constant investment for all firms in
every period. However, we achieve variable investment in our model by allowing households
to choose investment through their savings decision.

2.1.2 Financial Contract Under Direct Finance

Under direct finance, entrepreneurs borrow directly from households by issuing bonds. At
subperiod τ = 0, the entrepreneur invests his capital endowment nt (equity) fully into the
project, while the rest (It −nt = bt) is paid in by households as (“uninformed”) investors. We
denote bt as uninformed capital.11 Also at τ = 0, the contract is agreed upon and determines
how project returns are shared between contractual parties. If the project succeeds, the
entrepreneur receives Re,dr

t , while households receive Rh,dr
t , with Re,dr

t + Rh,dr
t = RIt. If the

project fails, however, neither party gets anything. At τ = 1, all payments are made.

Under this contract, entrepreneurs choose no-private benefit if

pHqtR
e,dr
t ≥ (pH − ∆p)qtR

e,dr
t + qtB̄It,

⇔ Re,dr
t ≥ B̄It

∆p
. (ICE1)

Entrepreneurs can obtain the highest amount of external funding if they restrict their
contracted income to B̄It

∆p because then they can pledge
(
R − B̄

∆p

)
It of income to the

households in case of success. Households’ expected income cannot be less than (1+rd
t )(It−nt),

9 A sufficient condition for this to hold is B̄ < ∆pR.
10 Otherwise, banks could diversify between projects and reduce the probability of failure approxi-

mately to zero.
11 We assume perfect competition between households.
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where rd
t is the interest rate households require to fund a project. Hence:

pHqt

(
R − B̄

∆p

)
It ≥ (1 + rd

t )(It − nt︸ ︷︷ ︸
bt

) = (1 + rd
t )bt , (PCH1)

holds and the second equality uses the definition of uninformed capital in the participation
constraint (PCH1). Note that given the distribution of equity G(nt) there is an equity limit
n̄t which just about fulfils (PCH1). This equity limit n̄t results from the assumption that
entrepreneurs cannot choose the size of the investment at the firm level but rather take an
average investment level It as given. For the case of a fulfilled (PCH1), define

n̄t ≡ It − pHqt

1 + rd
t

(
R − B̄

∆p

)
It ,

= It − bn̄,t ,

where bn̄,t denotes demand for uninformed capital when (PCH1) holds with equality. Only
entrepreneurs with equity nt ≥ n̄t ("well-capitalised firms") can invest using direct finance.12

Less "capital-rich firms" with nt < n̄t will be unable to invest by using direct finance because
they cannot fulfil incentive compatibility (ICE1) and the participation constraint (PCH1) at
the same time. Furthermore, we assume that firms with nt > n̄t invest the surplus (nt − n̄t)
in the project.

2.1.3 Financial Contract Under Indirect Finance

Under indirect finance, entrepreneurs borrow from banks which use their "informed" capital
at (bank equity) and raise uniformed capital through deposits dt from households to fund
the project. Each entrepreneur holds equity nt, external finance covers the difference, giving
the balance sheet identity of a bank

at + dt = It − nt.

Banks monitor entrepreneurs’ behaviour with (private) costs M̃(It) = µIt and µ > 0.
By monitoring, banks restrict private benefits to b = B. Monitoring activity is private
information of the bank and imperfect, i.e. it cannot exclude a "private benefit" completely.
Entrepreneurs do not monitor other entrepreneurs. Thus, they invest excess capital in the
open market, earning the uninformed rate of return rd

t .

The financial contract concluded at τ = 0 determines: i.) the agreed-upon payments{
Re,ind

t ; Rb
t ; Rh,ind

t

}
to the entrepreneurs, banks and households in case the project succeeds;

and ii.) the project financing {at; dt; nt}. We assume perfect competition between banks
and households respectively and consider only contracts where the zero profit condition
for banks and households holds.13 Limited liability ensures that no agent earns a negative

12 In order to exclude n̄ < 0, it is assumed that pHR − (1 + rd
t ) < −pH

B̄
∆p holds. This states that

the total surplus from a project is less than the minimum share an entrepreneur must be paid
to choose the no-private benefit project. See Holmström and Tirole (1997).

13 This implies that only entrepreneurs receive profits from the project and decide how to finance
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return. As in the case of direct finance, the overall return is shared between the parties of
the contract, i.e.

RIt = Re,ind
t + Rb

t + Rh,ind
t . (2.1)

Intermediaries’ participation reduces entrepreneurs’ private benefit (private return) to
BIt but cannot be lower. Otherwise, entrepreneurs have an incentive to choose a project
with private benefits. Likewise, each intermediary has (private) costs µIt in capital goods for
which he wishes to be compensated. The respective incentive constraints for entrepreneurs
and intermediaries are

pHqtR
e,ind
t ≥ (pH − ∆p)qtR

e,ind
t + qtBIt, (ICE2)

pHqtR
b
t − qtµIt ≥ (pH − ∆p)qtR

b
t . (ICF )

Participation of external investors requires that the expected returns from the project must
equal the amount invested by banks and households, respectively, i.e.,

pHqtR
b
t = (1 + ra

t )at, (PCF )

pHqtR
h,ind
t = (1 + rd

t )dt. (PCH2)

Given bank’s (zero-profit) participation (PCF ) and incentive constraint (ICF ), the return
of the bank Rb

t determines the return on bank equity ra
t .

The minimum return that is necessary to induce bankers to monitor is given by

Rb
t = µIt

∆p
, (2.2)

and the minimum return that is necessary to induce entrepreneurs to choose the project
variant without a private benefit is given by

Re,ind
t = bIt

∆p
= BIt

∆p
. (2.3)

Both returns result in the maximum pledgeable income of entrepreneurs to households since
the remaining share of the project return for the household declines in Rb

t and Re,ind
t (see

equation (2.1)). The maximum pledgeable income equals the return of households from
investing in the project and is given by

Rh,ind
t =

(
R − B + µ

∆p

)
It, (2.4)

using equations (2.1) to (2.3). All three parties conclude the contract provided that the
contractually agreed payments (per project) to the entrepreneur, to the bank, and to the
household are in line with (2.1) to (2.4). The contract implies that the entrepreneur conducts
the project without a private benefit and the bank monitors.

their project.
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Finally, we require that banks are not too leveraged and, in particular, that lending by
bankers does not exceed a regulatory threshold levt of their bank equity at, i.e.

levtat ≥ It − nt .

Note that this is the restriction for an individual bank.

Introducing (2.4) into (PCH2) yields:

dt = qtp
H

1 + rd
t

(
R − B + µ

∆p

)
It.

The previous equation establishes a relationship between the return to households Rh,ind
t

and the amount of deposits (or “uninformed capital”) households provide. This relationship
depends, inter alia, on two macroeconomic variables: the interest rate on deposit rd

t and
the price qt for the (physical) capital good. The higher rd

t , the fewer deposits households
will supply to the bank. In contrast, the higher qt, the more uninformed capital households
provide. Furthermore, an increase in the monitoring cost µ reduces the required payment to
the household because less would violate the incentives to monitor.14 As a consequence, the
contribution of uniformed capital by households declines.

Finally, from (2.2) and (PCF ) we get:

at = qtp
HµIt

(1 + ra
t )∆p

,

which gives the minimum amount of informed capital to be invested by the bank into the
project. The equation shows a positive correlation between the monitoring cost of the bank
and bank equity as well as a negative one between the interest rate ra

t for informed capital
and bank equity.

2.1.4 Direct vs. Indirect Finance

As in the case for direct finance there is a threshold for the equity of entrepreneurs n̂t given
an investment level due to the distribution of equity G(nt) which is defined as

n̂t(
(+)
rd

t ;
(+)
ra

t ) ≡ It − qtp
Hµ

(1 + ra
t )∆p

It − qtp
H

1 + rd
t

(
R − B + µ

∆p

)
It ,

= It − an̂,t − dn̂,t ,

where an̂,t and dn̂,t denote the informed capital demand and the deposit demand that just
fulfils all participation and incentive constraint for indirect finance. Hence, only entrepreneurs
with equity nt > n̂t have access to indirect finance. Entrepreneurs with equity nt < n̂t

("poorly-capitalised firms") do not receive indirect (intermediated) finance because they
either cannot pay (1 + ra

t ) or (1 + rd
t ) to the bank or outside investors (households) or

they cannot signal to choose "no-private-benefit". These unfunded entrepreneurs make their

14 The same argument implies for increases in the private-benefit B.
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unused capital available to other entrepreneurs as uninformed capital. Note again that
n̂t(rd

t ; ra
t ) is an equilibrium outcome determined in the steady state. Furthermore, we require

n̂t < n̄t, i.e. firms can raise external funds, either directly or indirectly, which holds if

µ <
B̄ − B

1 − 1+rd
t

1+ra
t

.

2.2 Goods Production Sectors

The modelling of the final and intermediate goods sectors follows Smets and Wouters
(2003) and Christiano et al. (2005). Final good producers compete with each other and
use only intermediate goods as inputs. Intermediate-goods producers operate under
monopolistic competition. Furthermore, they are subject to nominal rigidities and use
labour and capital as inputs. Households provide labour and capital on competitive
factor markets.

The demand by final goods producers for intermediate goods yjt is given by

yjt =
(
Pjt

Pt

)ξP

Yt,

with final goods output Yt, intermediate-goods price Pjt, and the aggregate price index
Pt, which is equal to:

Pt =
(∫ 1

0
P

1−ξp

jt dj
) 1

1−ξp

, 15

and let πt = Pt

Pt−1
denote the (gross) inflation rate.

Firms produce intermediate goods under monopolistic competition and nominal
rigidities, as introduced by Calvo (1983). In particular, intermediate goods producing
firms can only adjust their prices with probability 1 − ϕP . If they cannot adjust their
prices to the optimal price (with probability ϕP ), they index prices with the inflation
rate and set Pj,t+k = Πk−1

s=0πt+sPj,t. The firm producing good j operates the following
technology:

yjt =
 kθk

jt (hh
jt)θh(he

jt)θe(hb
jt)θb − Θ , if kθk

jt (hh
jt)θh(he

jt)θe(hb
jt)θb ≥ Θ

0 otherwise.

Here, kjt, hjt, he
jt, and hb

jt are total capital and labour services from workers, en-
trepreneurs, and banks used by firm j in t. Parameter Θ > 0 represents fixed costs
(Meh and Moran 2010).

The intermediate goods firm’s minimise producer costs on factor markets taking
the prices of production factors as given: The First-order conditions for capital and
15 See Appendix A.1 for derivation of intermediate goods demand.
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labour (for entrepreneurs, bankers and households) are as follows:16

• rt = stθkk
θk−1
jt (hh

jt)θh(he
jt)θe(hb

jt)θb ,

• wt = stθhk
θk
jt (hh

jt)θh−1(he
jt)θe(hb

jt)θb ,

• we
t = stθek

θk
jt (hh

jt)θh(he
jt)θe−1(hb

jt)θb ,

• wb
t = stθbk

θk
jt (hh

jt)θh(he
jt)θe(hb

jt)θb−1 .

Variable st is the Lagrangian multiplier and equals marginal costs. Total variable costs
are styjt. Furthermore, rt is the user cost of capital; wt, we

t , and wb
t are real wages paid

to households, entrepreneurs, and bankers, respectively. The optimal price-setting
rule for intermediate goods is standard.17

2.3 Households, Entrepreneurs and Bankers

Households live infinitely, but a share τ e of entrepreneurs and a share τ b of bankers
obtains a signal to leave the economy at the end of each period.18

2.3.1 Households

Expected lifetime utility of a representative household h in t is given by:

E0

∞∑
t=0

βtU(ch
t − γch

t−1, lt) = E0

∞∑
t=0

βt

((
ln(ch

t − γch
t−1

)
− ψ

l1+η
t

1 + η

)
,

where ch
t is household consumption in t, lt is hours worked; γ measures the importance

of (internal) habit formation, β is the discount factor, ψ denotes the weight on labour,
and η denotes the inverse Frisch elasticity.

The representative household h starts period t with an endowment of capital goods
kh

t . The household generates labour income Wt

Pt
lt (with nominal wage rate Wt), receives

dividend income Πt from the firms that produce intermediate goods, and receives
rental income from lending capital stock to capital-good producers. Furthermore, a
household receives interest payments on deposits and bond holdings. Income received
is spent for consumption ch

t , investment iht into entrepreneurs project, investment in
bank deposits Dt and bonds Bt. This yields the following budget constraint in real
terms:

[rt + (1 − δ)qt] kh
t + Wt

Pt
lt + Πt + (1 + rd

t )Dt

Pt
+ (1 + rd

t )Bt

Pt
= ch

t + qtk
h
t+1 + Dt+1

Pt
+ Bt+1

Pt
, (2.5)

where δ is the rate of depreciation of the capital stock.19 The household chooses ch
t , lt,

16 For a derivation, see Appendix A.2.
17 See Appendix A.3 for the price setting rule and its derivation.
18 This assumption prevents entrepreneurs and bankers from delaying consumption and accumulat-

ing net worth until they no longer need financial markets. It ensures that a steady state with
feasible financing constraints exists. See Meh and Moran (2010).

19 Note that the law of motion of capital of households kh
t+1 = (1 − δ)kh

t + ih
t has already been

substituted in equation (2.5).
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kh
t+1, Dt+1, and Bt+1. The first-order conditions yield an intertemporal consumption

Euler equation, a labour supply equation, and a capital pricing equation.20

2.3.2 Entrepreneurs and Bankers

Entrepreneurs and bankers enter period t with holdings nt and at of equity in final
goods, respectively. Both have similar choices depending on whether a signal for
leaving the economy arrives at the end of the period. In any case, the entrepreneur
leases his initial stock of capital goods ke

t at the interest rate rt to intermediate-good
producers and receives (real) wage we

t for his inelastic labour supply of one. After
production, he receives the depreciated capital stock, which adds to his equity. Thus,
the entrepreneurs’ equity in t is given by:

nt = [rt + qt(1 − δ)] ke
t + we

t . (2.6)

The entrepreneur invests the entire amount nt into the project, and if it is successful,
he will receive a payment of Re,dr

t (or Re,ind
t ) and zero otherwise. Entrepreneurs who

leave the economy completely consume their income; the other entrepreneurs save the
income in total so that their capital stock in t+ 1 is equal to:

ke
t+1 =


Re,dr

t if bond financed, surviving and successful
Re,ind

t if bank financed, surviving and successful
0 otherwise.

Similarly, a banker can lend the newly produced capital goods to intermediate
goods producers, from which he earns an interest income that supplements his labour
income. After production, he receives the depreciated capital stock, which adds to his
equity. Accordingly, for the equity of the banker, we have:

at = [rt + qt(1 − δ)] kb
t + wb

t . (2.7)

Bankers who are not leaving the economy save their entire income and obtain capital
in t+ 1 given by:

kb
t+1 =

R
b
t , if surviving and successful

0 , otherwise,

Bankers who leave the economy consume.

20 See Appendix A.4 for the first-order conditions.
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2.4 Monetary Policy and Macroprudential Policy

The central bank chooses both the monetary policy instrument and macroprudential
instruments rule-based. The deposit rate rd

t serves as the monetary policy instrument.
The macroprudential instrument is the maximum leverage ratio, where the leverage
ratio (at the firm level) is defined as levt = It−nt

at
. Hence, maximum leverage is

the inverse of a minimum capital requirement, where equity must equal a certain
percentage of all assets; hereafter, we refrain from risk-weighting the assets. We
assume the following policy rules:

• The central bank sets the deposit interest rate rd
t according to the (linearised)

Taylor rule (Christiano et al. 2010):

r̂d
t = ρrr̂d

t−1 + (1 − ρr) [ρπ(π̂t+1 − 0) + ρdy(ŷt − ŷt−1) + ρdπ(π̂t − π̂t−1)] + M̂P t ,

where π̂t is the deviation from steady state inflation, ŷt represents output
deviations from steady state, and with ϵmp

t as an i.i.d. monetary policy shock
with standard deviation σmp. ρr is the interest rate smoothing or persistence
parameter (with 0 < ρr < 1), ρπ, ρdπ and ρdy are the weights of the respective
policy target values. Accordingly, the central bank reacts with its monetary
policy rate to differences from expected inflation to target inflation (set to zero),
changes in output, and changes in inflation.

• The central bank, as the macroprudential policy authority, sets the leverage
ratio for banks according to the feedback rule:

levt = υtlevSS +ϖ(xt − xSS), (2.8)

where levSS is the steady-state leverage ratio, and xt represents an economic
variable that regulation might respond to (with ϖ measuring the strength of
this response). In what follows, xt is equal to the credit-to-GDP ratio, following
Christensen et al. (2011). Hence, this rule allows fluctuations in bank capital-
to-asset ratios that capture euro area regulation. Finally, υt captures changes
in regulatory minimum capital requirements and follows the (linearised) AR(1)
process υ̂t = ρυυ̂t−1 − ϵυ

t .

2.5 Sequence of Events and Competitive Equilibrium

2.5.1 Sequence of Events

On each period t, the sequence of events is as follows:

1. Monetary policy shock (ϵmp
t ) and leverage shock (ϵυ

t ) are realized.

2. Households, bankers, and entrepreneurs rent their capital holdings kh
t , k

b
t , and
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ke
t to intermediate-goods producers. Households, bankers, and entrepreneurs

supply labour to goods producers; intermediate and final goods are produced.

3. Households buy bonds from entrepreneurs and deposit savings in banks; en-
trepreneurs finance projects.

4. Entrepreneurs choose the project version; banks choose to monitor.

5. Successful projects return RIt units of new capital which agents share.

6. Exiting agents sell their capital for consumption goods to households. Surviving
agents buy this capital.

7. All markets close.

2.5.2 Competitive Equilibrium and Resource Constraints

The competitive equilibrium consists of the following eight sets of conditions where
uppercase letters denote the respective aggregate variable:21

1. Decision rules for ch
t , i

h
t ,Wit, k

h
t+1, dt, bt that solve the maximization problem of

households.

2. Decision rules for p̃jt, kjt, hjt that solve the maximization problem of firms
producing intermediate goods.

3. Decision rules for Re
t , R

b
t , R

h
t , at, dt that fulfil the financial contract.

4. Savings and consumption decision rules for entrepreneurs and banks.

5. Market clearing conditions:

• Total capital stock holdings:

Kt = Kh
t +Ke

t +Kb
t

• Total capital services:

Kh
t +Ke

t +Kb
t =

∫ 1

0
kjtdj

• Labour market equilibria:

∫ ηh

0
ltdh = Lt =

∫ 1

0
hh

jtdj ,

ηb =
∫ 1

0
hb

jtdj ,

ηe =
∫ 1

0
he

jtdj

21 Appendix B provides the aggregation for the model.
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• Final goods market equilibrium:

Yt = Ce
t + Cb

t + Ch
t + It

• Market for bank deposits equilibrium:

ηbdt = ηhDt

Pt

• Bond market equilibrium:

ηebt = ηh Bt

Pt

6. Law of motion for aggregate capital with aggregate (externally funded) invest-
ment It:

Kt+1 = (1 − δ)Kt + pHRIt

7. Regulatory leverage:

levt = υtlevSS +ϖ(xt − xSS), (2.9)

with xt

xt =
It

nmax (n̄t − n̂t) − 1
nmax (n̄t − n̂t)([rt + qt(1 − δ)]Ke

t + ηewe
t ) + (1 − Γt)Rest

Yt

,

8. Resource constraints:

• The household budget constraint:

Ch
t + qtK

h
t+1 + ηbdt + ηebt = (rt + qt(1 − δ))Kh

t + Πt+
wtLt + (1 + rd

t )(ηbdt + ηebt)

• the financial resource constraint:

At + ηbdt + ηebt + N e
t = 1

nmax
(n̄t − n̂t) [It − [rt + qt(1 − δ)]Ke

t + ηewe
t ] +

1
nmax

(nmax − n̄t) (It − [rt + qt(1 − δ)]Ke
t + ηewe

t ) +

ΓtRest

Remark: The financial resource constraint ensures that all sources of external finance
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are met by credit, bonds, or bank reserves Rest. Without reserves, the calibrated
model implies a violated balance sheet identity, i.e. assets would not equal liabilities.
The reason is that the aggregate regulatory leverage restriction would not bind.22

In particular, regulatory authorities would allow for a higher leverage levtAt than
the aggregate credit supply chosen by banks 1

nmax (n̄t − n̂t) (It − Nt) in equilibrium.
Consequently, some of the (external) funds of banks—bank equity plus households’
deposits—remain unused since deposits and bank equity exceed the supply of credit
in a steady state. Thus, banks hold reserves Rest of which Γt are held in final goods
(liquid reserves). Furthermore, the demand for bonds (ηebt + N e

t ) can exceed the
supply for bonds in equilibrium. If this is the case, holdings in liquid reserves are
reduced (Γt declines) and banks invest in bonds and vice versa. In addition, solving the
model without reserves would require solution methods other than linearizing because
of the non-binding leverage restriction. Thus, we include reserves to obtain a steady
state with binding constraints and allow banks to adjust to new leverage regulations.
We solve the model by standard methods, i.e., linearising around a steady state and
using Dynare to solve a first-order approximation. Dynare uses a generalized Schur
decomposition to find policy functions for the first-order approximation described in
Villemot (2011).23

3 Calibration

Table IV.1 shows the parameter values used for calibration. The values for the real
economy are mostly taken from the literature. This applies to the discount factor
(β = 0.998), the habit parameter (γ = 0.62), the percentage of optimising firms
(ϕP = 0.58), and the elasticity of substitution between goods (ξP = 5.5).24 The
masses of households, entrepreneurs, and bankers are equal to ηh = 0.9, ηe = 0.07 and
ηb = 0.03. The share of capital in production is set to θk = 0.36, which implies a share
for labour of 1−θk = 0.64. This labour share is split between households, entrepreneurs
and bankers such that entrepreneurs and bankers contribute only a small fraction
to production, i.e. θh = 0.6399 and θe = θb = 0.0005 (Meh and Moran 2010). The
inverse elasticity of labour and the weight on labour are set to η = 0.2 and Ψ = 1.3,
respectively. Furthermore, the parameters governing the survival of entrepreneurs
and bankers are set such that the return on bank equity (ROE) ra

t matches empirical

22 Formally, the balance sheet identity is given by B.8 and the aggregate leverage restriction is
given by B.6, both in Appendix B.

23 The system of equations used to calculate the steady states can be found in Appendix C. The
system of linearised equations can be found in appendix D.

24 The Calvo parameter value of 0.58 is for export prices in Coenen et al. (2018) which we use
because for larger values the fixed costs turn negative in steady state. Furthermore, Coenen
et al. (2018) suggest a mark-up of 1.35 which would correspond to a value for the elasticity of
substitution of ξP = 3.85714 which again would result in negative fixed cost. Our calibration
results in a mark-up of 1.222.
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evidence of an average annualised return of 11.8% in Berger (2003).25 The respective
values are τ e = 0.90 and τ b = 0.965. The fixed costs follow endogenously from our
model, allowing us to match a steady state with empirically plausible capital and
investment-to-output ratios.26 The steady state fix costs are Θ = 0.17276. Finally,
the depreciation rate is set to δ = 0.025, as in Coenen et al. (2018).

The financial contract’s parameters (R , pH , pL , nmax , b , B̄ , and µ) determine
the production of capital goods and investment. They are calibrated to match
the steady state investment-to-output ratio and the capital stock-to-output ratio of
I/Y = 0.2098 and K/Y = 12.52, respectively. These numbers are relatively close to
the values (0.21 and 12.5) estimated by Christiano et al. (2010) and Coenen et al.
(2018). Since many of the remaining parameters do not have empirical counterparts,
the values are set to support the two steady-state ratios mentioned above. In particular,
we have chosen R = 1.507, pH = 0.99, pL = 0.83, nmax = 1, b = 0.08, B̄ = 0.22
and µ = 0.024.27 Having fixed all parameters, the steady states are computed by a
standard solver for non-linear equation systems using Octave. Note that it is necessary
to allow banks to hold reserves to obtain a steady-state value. Reserve holdings ensure
that the financial constraints are binding, and the model can be linearised around
a steady state and solved by standard methods. Furthermore, intermediate goods
producers make profits, ensuring all markets are closed.

The calibration of the policy parameters follows a mixed procedure. The parame-
ters of the Taylor rule are taken from Coenen et al. (2018) and are set to ρr = 0.93,
ρπ = 2.74, ρdπ = 0.04, and ρdy = 0.1 respectively. The steady-state value for the
leverage ratio follows endogenously from the model and is given by levSS = 1.1271.
The coefficient measuring the strength of the reaction in the macroprudential feedback
rule is set to ω = −400 to ensure that leverage fluctuates sufficiently by at least
2.1%.28 This ensures that the capital buffers can be depleted sufficiently to show the
mechanics of the model.29

25 Berger (2003) investigates the influence of technological change on the U. S. banking industry
and find a ROE of 11.65%. They report performance indicators among which the return on
equity is calculated for the period from 1984 to 2001. Using the entrepreneurs’ and bankers’
survival rate to match the ROE closely follows the calibration strategy of Meh and Moran
(2010).

26 Note that households still receive profits despite using fix costs.
27 Christensen et al. (2011) and Meh and Moran (2010) report values for these parameters but

using their values results in implausible steady state ratios or in an unstable equilibrium, i.e. no
steady state. For informational purpose only the respective values from Christensen et al. (2011)
are given: R = 1.05, pH = 0.99, pL = 0.64, B̄ = 0 and b = 0.1575. Meh and Moran (2010) use
R = 1.21, pH = 0.99, pL = 0.75, b = 0.16 and µ = 0.025.

28 2.1% is the maximum value for fluctuations of regulatory leverage in our model. 62.5% would be
allowed according to Capital Requirement Regulation II and Capital Requirement Directive IV
which codifies the regulation for European banks. In particular, taking a total capital ratio of 8%
as the lower bound and assume that the capital conservation buffer as well as the counter-cyclical
capital buffer (in sum a total of 5% of Tier 1 capital) are depleted completely at once. Hence,
the upper bound of the capital ratio is 13% which translates to a maximum fluctuation of 62.5%.

29 Nevertheless, 2.1% is an arbitrary number which is not tied to an empirical value. Our counter-
cyclical macroprudential policy regime equation (2.9 in Appendix B) reacts instantaneous to
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The standard deviation of the monetary policy shock is set to σMP = 0.11, which
is an estimation of Coenen et al. (2018). Furthermore, the standard deviation for
the adverse macroprudential policy shock is set to συ = 6. We set the persistence
parameter of ρυ = 0.99 to achieve an almost permanent change in macro-variables for
the macroprudential policy regime.

Description Parameter Value Source
Policy Parameters
Output weight ρdy 0.1 Coenen et al. (2018)
Inflation weight ρπ 2.74 Coenen et al. (2018)
Weight on changes in
inflation ρdπ 0.04 Coenen et al. (2018)

Interest rate persistence ρr 0.93 Coenen et al. (2018)
Leverage levSS 1.1271 own calibration
Macroprudential response ϖ -400/0 own calibration

Shocks: standard deviations and persistence parameters
Standard deviation
Monetary policy shock σMP 0.11 Coenen et al. (2018)

Leverage shock persistence ρυ 0.99 Cozzi et al. (2020)
Standard deviation leverage
shock συ 6 own calibration

Steady State Ratios and Values

Investment-to-output ratio I
Y

0.2098 Target ratio of 0.21
(Coenen et al. 2018)

Capital-to-output ratio K
Y

12.52 Target ratio of 12.5
(Christiano et al. 2010)

Return on bank equity ra 0.11789 Target value of 0.1165
(Berger 2003)

Fixed costs Θ 0.17276 No target value
Households
Weight on leisure ψ 1.3 own calibration
Inverse elasticity of
labour η 0.2 own calibration

Habit parameter γ 0.62 Coenen et al. (2018)
Fraction of households ηh 0.9 Meh and Moran (2010)
Discount factor β 0.998 Coenen et al. (2018)

changes in the credit-to-GDP ratio. This policy rule seems to be more responsive than European
regulators are reacting to their target rate (deviations from the long-term growth rate of the
credit-to-GDP ratio) in the past. Since their full implementation in 2019, counter-cyclical capital
buffers have been adjusted only once during the Corona pandemic. However, our rule would
imply more frequent adjustments given a long-term growth rate of 1.6 percent per year of the
(nominal) credit-to-GDP ratio year for the euro area and an increase in the growth rate by 18
percent in the second quarter of 2020 and a decline by 11 percent in the second quarter of 2021
(see figure 8 in Appendix E).
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Description Parameter Value Source
Entrepreneurs
Probability of success pH 0.99 Meh and Moran (2010)
Probability of success in
a private benefit project pL 0.83 own calibration

Project return R 1.507 own calibration
Entrepreneur‘s maximum
capital endowment nmax 1 own calibration

Low private benefit B 0.08 own calibration

High private benefit B̄
0.22
0.151 own calibration

Surviving probability
entrepreneur τ e 0.90 own calibration

Fraction of entrepreneurs ηe 0.07 Meh and Moran (2010)
Bankers
Monitoring cost µ 0.024 own calibration
Surviving probability
banker τ b 0.965 own calibration

Fraction of bankers ηb 0.03 Meh and Moran (2010)
Intermediate Goods Producer
Elasticity of substitution
between goods ξP 5.5 own calibration

Percentage of reoptimizing
Firms ϕP 0.58 Coenen et al. (2018) for

import prices
Capital share of
production θk 0.36 Meh and Moran (2010),

Coenen et al. (2018)
Entrepreneur labor
share of production θe 0.00005 Meh and Moran (2010)

Banker labor share
of production θb 0.00005 Meh and Moran (2010)

Household labor share
of production θh 0.6399 Meh and Moran (2010)

Depreciation rate δ 0.025 Coenen et al. (2018)

Table 1. Parameter Calibration
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4 Impulse Response Functions (IRFs)

The economy is subject to two different shocks: 1) an expansionary monetary policy
shock; and 2) a negative leverage shock accounting for changes in macroprudential
policies. Both are policy shocks and we show the IRFs for two model economies. The
first economy is subject to a counter-cyclical macroprudential policy regime (solid
lines), and the second to a time-invariant macroprudential policy (dashed lines) regime.
Note that the deviation from the steady state of the leverage ratio is always zero in
the latter case.

4.1 Monetary Policy Shock

Figures 3a and 3b show the impulse responses to an expansionary monetary policy
shock (rd is lowered). Figure 3a presents real sector variables (including inflation),
and figure 3b variables governing external finance. The interest rate shock implies
that output, consumption, and inflation increase. Consumption increases because a
lower policy rate induces households to consume more today and less in the future.
Furthermore, the capital good price q increases on impact, increasing banks’ and
entrepreneurs’ equity. Thus, entrepreneurs’ access to external financing improves
because they gain wealth and the increase of the critical equity limits n̄ and n̂ is
small enough. Thus, bank lending BL and direct funding (financial market funding)
CML increase while bank reserve holdings decline. These IRFs are standard and
qualitatively in line with previous research (e.g. Christiano et al. (2010), Coenen et al.
(2018), Gertler and Karadi (2011), Meh and Moran (2010), and Smets and Wouters
(2003)).

Comparing the IRFs for counter-cyclical macroprudential policies with those of
time-invariant policies reveals that major differences are only visible for the stock of
capital and external finance variables (bank credit, direct funding, reserves and liquid
reserves). However, only the quantitative magnitudes differ. Under a counter-cyclical
policy regime, the regulatory authority tightens macroprudential policies (i.e. reducing
the maximum leverage ratio) since the credit-to-GDP ratio increases. Consequently,
bank credit expands less than in a time-invariant regime. Furthermore, banks hold
a larger fraction of their reserves in "cash" (Γ increases and Res decreases). Hence,
financial market funding by banks declines, contributing to a smaller increase in BL.
Furthermore, direct funding increases on impact of the monetary policy shock, but
this increase is smaller than in a time-invariant macroprudential regime due to a
lower demand for external funding. Consequently, investment increases less in the
case of counter-cyclical macroprudential policies since banks also have to obey stricter
leverage restrictions.30 Thus, stricter bank regulation is felt in financial and credit
markets since banks must obey new rules, affecting their ability to lend in both markets.
30 This especially is visible for periods 10 to 30 in figure 3a.
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Figure 3. shows IRFs for an expansionary monetary policy shock. Source: own calculation.
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Nevertheless, the effect on output is negligible since well-capitalised entrepreneurs
can rely on internal finance, which reduces demand for bonds because their equity
increases sufficiently.

4.2 Leverage Shock

Figures 4a and 4b show the IRFs to a negative leverage shock, i.e. permanently lower
leverage ratio for the real and financial variables, respectively. We only consider a
counter-cyclical macroprudential policy regime since the IRFs are qualitatively the
same in both policy regimes.31

The central bank reduces maximum leverage by one percent, and banks must
deleverage. Banks achieve this by cutting credit supply, which lowers investment I of
entrepreneurs, bankers, and households and reduces household savings b and d. Note
that banks increase their holding in liquid reserves as alternatives for investments are
missing (both Γ and Res increase). Declining investment results in declining capital
formation, bank equity, and entrepreneurial equity, which results in lower output and
consumption (in the long-run).

Furthermore, a lower leverage ratio causes deflationary pressure for two reasons.
First, declining output implies declining wages. Second, output declines faster than
capital initially. However, over the transmission period, capital declines more than
output, which implies first a decline and later an increase in the rental rate of capital.
Hence, marginal costs first decline, which results in lower inflation. However, as the
rental rate of capital returns to and above its steady state value, inflation returns to
its steady state.

Finally, financial market funding can only partially substitute bank funding if the
leverage ratio declines. Low demand for investments spills over to financial markets,
i.e. the demand for financial market funding declines similarly to bank funding.
Furthermore, as banks hold more "cash", they also reduce their bond investment. Still,
financial market funding declines less than bank funding.

31 However, note that the central bank undermines its own policy goal if it reduces maximum
leverage and at the same time reacts dynamically to changes in the credit-to-GDP ratio as
modelled in equation (2.8). Hence, we assume that the policy maker anticipates its own behaviour.
This requires that the size of the shock is increased such that a reduction by one percent in
leverage is accomplished which requires a standard deviation of σν = 2.9. To achieve a permanent
reduction of maximum leverage in the counter-cyclical regime, we set the persistence parameter
ρν to 0.99, which results in a prolonged transition to the steady state (Cozzi et al. 2020). In
particular, it takes output over 90 years to return back to its steady state value.
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Figure 4. shows IRFs for a negative leverage shock. Source: own calculation.
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5 Discussion

This section investigates the influence of the investment externality, the influence of
direct finance in the first and second subsection and the response of our model to
simultaneous policy shocks in the third subsection. The latter experiment is motivated
by the recent period of central bank history where, e.g. the ECB and its constituents
extended their set of instruments by macroprudential policies to ensure financial
stability while maintaining their primary target of price stability. In particular, the
ECB kept the main refinancing rate close to or at zero while macroprudential policy
pursued tighter capital requirements.

5.1 Investment Externality

The investment externality allows us to model a firm (capital goods producer) that
can use indirect or direct finance and has varying investment levels. We achieve this
by assuming that firms do not choose an individual investment level it but rather take
an average investment It as given. If firms could choose it, only indirect finance would
be used since firms adjust their project size it to match their net worth nt.

As a result, the investment externality increases (aggregate) investment beyond
the level which would have been implied by an economy where each entrepreneur
chooses investment at the firm level individually. The main reason is that indirect
finance is more expensive (ra

t > rd
t ) than direct finance. Hence, more firms which

would otherwise use direct finance are using indirect finance in an economy without
the externality since they adjust their project size downward to fit their net worth.
While this implies that more firms are obtaining funding, the aggregate effect is that
overall investment demand declines. Investment demand declines since the price of
capital increases due to more expensive bank finance. As a result the economy without
the externality is also less capital intensive and produces less output.

Note that the uniform distribution of firm net worth may drive this result. This
distribution implies a large fraction of well-capitalised firms in the total set of firms.
Hence, a relatively large number of firms could use a more favourable type of funding.
If the distribution were more skewed towards less capitalised firms, the advantage of
more firms obtaining funding could outweigh the higher cost.

The model dynamics do not severely change if the externality is not included in
the case of both policy shocks. Generally, the counter-cyclical macroprudential policy
regime becomes less volatile, whereas the time-invariant macroprudential policy regime
becomes more volatile as compared to the model with the investment externality.
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Figure 5. Expansionary monetary policy shock for baseline economy (solid lines) and low-moral
hazard economy (dashed line). Source: own calculation.

5.2 The Influence of Direct Finance

In order to better assess the implications of direct finance for macroeconomic stability,
we alter the degree of moral hazard in the economy and reduce the private benefit
to B = 0.151 (from 0.22). This has two opposing effects. First, a lower private
benefit implies a lower return for entrepreneurs who fund their projects through
capital markets. As a result, steady-state values for investments, capital stock and
output are lower than in the baseline model because the return on investment declines
and entrepreneurs are less induced to invest at a large scale on an aggregate level.
The lower incentive to invest also shows in a lower investment-to-output ratio (now
I/Y = 0.17344) and a lower capital intensity (K/Y = 10.35).32 Hence, the low-moral-
hazard economy is relatively poor on capital and lacks investments compared to the
baseline economy. Second, more investments are funded through financial markets
(direct funding) since information asymmetry is less pronounced, and households are
more willing to supply capital directly.

Note that the figures of this subsection only show the transmissions for counter-
cyclical macroprudential policies if the results are not affected by the type of macro-
prudential policy. The solid lines now show the IRFs for the baseline model, and the

32 In the baseline model the respective ratios were I/Y = 0.2098 and K/Y = 12.52.
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Figure 6. Negative leverage shock (counter-cyclical regulation) for baseline economy (solid lines)
and low-moral hazard economy (dashed line). Source: own calculation.

dashed lines show the IRFs for the model economy with lower moral hazard (more
direct funding).

In the case of an expansionary monetary policy shock, less moral hazard causes
lower fluctuations in direct funding (CML) but larger in investment and bank lending
(BL) (see Figure 5). Larger investment results from a stronger increase in banks’ and
entrepreneurs’ equity as a consequence of a higher price of capital, resulting in a larger
increase in the capital stock. The lower volatility in direct funding results from a
stronger increase in lending standards for direct funding(n̄, not shown) when firms rely
more on direct finance. Bank lending is more volatile since banks fund a smaller share
of external finance, which reacts more sensitively to changes in investment. Finally,
inflation responds almost the same since more direct funding does not affect marginal
costs.

A tightening of leverage restrictions is causing a more pronounced response in
every variable in the economy with less moral hazard (see Figure 6). As expected,
bank lending declines under the new regulation. Since banks fund less indirectly,
their equity is smaller and reacts more volatile to changes in investment, causing
a stronger decline in BL. This decline in BL is amplified by the response of the
regulatory authority, which reduces the maximum leverage (not shown) more in a
low-moral hazard economy due to the higher volatility of bank equity. Furthermore,
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a higher dependency on financial market finance makes banks hold more bonds in a
steady state.33 Since bond investments also fall under regulation, these also have to
be reduced permanently under the new regulatory target, which further reduces BL.
Financial market funding CML declines more due to a lower demand for external
funding. Hence, a reduction in bank lending and financial market funding from banks
causes a stronger decline in investment. Thus, capital accumulation is more affected,
and the capital stock declines more strongly. Note that this makes capital more scarce
and causes higher persistency in the price of capital q (not shown), which results in
more persistent inflation.

5.3 Interdependencies between Macroprudential and Mone-
tary Policy

The following subsection assumes a perfect correlation (ρCorr = 1) between a monetary
policy and macroprudential shock. Consequently, whenever policymakers change
the target rate unanticipatedly, they also change the maximum leverage. Hence, we
investigate the consequences of an expansionary monetary policy shock accompanied
by increased capital requirements (reduction in maximum leverage). Figure 8 shows
the IRFs for our experiment only in the case of a counter-cyclical macroprudential
policy regime and reveals no conflicts between the monetary policy target and the
conduct of macroprudential policies. In particular, inflation responds as in the case
of an uncorrelated monetary policy shock while output, consumption, investments
and the capital stock indicate permanent losses (the dashed lines indicate IRFs for
correlated shocks). One reason for this response of inflation is the almost identical
reaction of marginal costs in the experiments with and without correlated shocks. The
second reason is that monetary policymakers keep the interest rate slightly lower if
they simultaneously conduct macroprudential policies as output permanently is below
its steady-state value. The lower interest rate stabilises inflation and keeps inflation
closer to its target.

The adverse effect on financial variables (CML, BL, A and N) is more pronounced
than on real variables (Y and C), manifesting in slightly less capital accumulation and
investment. Hence, despite accommodative interest rate policies, bank and financial
market finance is lower in the economy with correlated shocks. As expected, banks cut
on lending by granting less credit, which contributes to less investments. Furthermore,
higher capital requirements also affect bond investment by banks, which becomes
apparent by banks’ higher share of "cash" holdings (Figure 7b). Financial market
funding (CML) declines mainly due to spill-overs of lower investment activity by
firms.

33 In particular, ÃB̄=0.151 = 0.011 769 vs. ÃB̄=0.22 = 0.017 61 and (1 − Γ̃B̄=0.151)R̃esB̄=0.151 =
0.004 542 1 vs. (1 − Γ̃B̄=0.22)R̃esB̄=0.22 = 0.000 103 743.
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Figure 7. shows IRFs for a correlated monetary policy shock and leverage shock (dashed line) and
IRFs for a monetary policy shock only (solid line). Source: own calculation.
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6 Conclusions

This paper investigates the transmission of policy shocks in an economy with direct
and indirect finance as well as a macroprudential policy regime. Therefore, we use
two different macroprudential policy regimes: a time-invariant and a counter-cyclical.
Finally, we investigate how the simultaneous conduct of monetary and macroprudential
policies affects the model economy.

We find that neither macroprudential policy regime significantly affects the conduct
of monetary policy; i.e. the transmission of a monetary policy shock delivers usual
responses in output and inflation. Hence, an expansionary monetary policy shock
raises output and inflation. Furthermore, both types of external funding respond
qualitatively similarly to a monetary policy shock irrespective of the macroprudential
policy regime.

Tightening capital requirements causes permanent declines in output, investment
and capital stock but only a transitory decline in inflation. Thus, our model confirms
intuition over higher capital buffers for banks, i.e. banks reduce lending if forced to
hold more capital, which causes lower economic activity. However, given the small
effects of higher capital buffers on economic activity and no permanent effect on
inflation, the concerns over higher capital buffers should not be overstated according
to our model.

Finally, the simultaneous conduct of monetary and macroprudential policy causes
an insignificant permanent loss in output, investment and capital stock in the long run
and only temporarily lowers inflation. In the short run, macroeconomic variables are
driven by the monetary policy shock, i.e. output, investment and inflation increase
after a decrease in the interest rate. Hence, the simultaneous conduct of monetary and
counter-cyclical macroprudential policy poses no threat to central banks’ traditional
aim of guaranteeing price stability (and sometimes stable economic performance).
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A Program Solutions

A.1 Derivation of Intermediate-Goods Demand and the Price
Index for the Final Good

The final good is produced under perfect competition by firms which only use inter-
mediate products indexed by j ∈ (0, 1) .A continuum of final goods producers use
intermediate goods as input and produce final goods according to the Dixit-Stiglitz
aggregation function :

Yt =
(∫ 1

0
y

ξp−1
ξp

jt dj

) ξp
ξp−1

.

Each final good producer tries to minimize the costs which implies the demand for
input good j by a final good producer:

yjt =
(
Pjt

Pt

)−ξP

Yt. (A.1)

A.2 Intermediate Goods Producers - Optimal Factor Price
Setting

Firms producing intermediate products take factor prices as given and minimize
production costs, given the production technology:

yjt =
 kθk

jt h
θh
jt h

eθe

jt h
bθb

jt − Θ if ztk
θk
jt h

θh
jt h

eθe

jt h
bθb

jt ≥ Θ
0 otherwise

Cost minimization implies the program:

min
kjt,hh

jt,he
jt,hb

jt

− (rtkjt + wth
h
jt+we

th
e
jt + wb

th
b
jt)

s.t.:

kθk
jt

(
hh

jt

)θh
(
he

jt

)θe

h

(
hb

jt

)θb − Θ − yjt.

This implies first-order conditions are as follows:

• for capital:

rt = θkst
yjt + Θ
kjt

, (A.2)
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• for household labour:

wt = θhst
yjt + Θ
hh

jt

, (A.3)

• for entrepreneurial labour:

we
t = θest

yjt + Θ
he

jt

, (A.4)

• for banker labor:

wb
t = θbst

yjt + Θ
hb

jt

. (A.5)

The term st denotes the marginal costs of an intermediate goods producing firm
and is given by

st = θ−θk
k θ−θh

h θ−θe
e θ−θb

b (rt)θk(wt)θh(we
t )θe(wb

t )θb .

A.3 Intermediate Goods Producers: Optimal Price Setting

Profits for a representative intermediate firm are given by:

Πjt = Et

∞∑
k=0

(βϕp)kλt+k

[
Pj,t+k

Pt+k

yj,t+k − st+kyj,t+k

]
,

with the marginal utility λt+k as discount factors. Given the demand for intermediate
goods by final good producers

yj,t =
(
Pj,t

Pt

)−ξP

Yt ,

profits are given by:

Πjt = Et

∞∑
k=0

(βϕp)kλt+k

( Pt+k−1

Pt+kPt−1

)1−ξP

P̃ 1−ξP − st+k

(
Pt+k−1

Pt+kPt−1

)−ξP

P̃−ξP

Yt+k .

Finally, using Pj,t+k = Πk−1
s=0πt+sPj,t, the definition of (gross) inflation πt+1 = Pt+1

Pt
, and

Pj,t = P̃ profits can be written as

Πjt = Et

∞∑
k=0

(βϕp)kλt+k

[
πξP −1

t+k

P̃ 1−ξP

Pt−1
− st+kπ

ξP
t+kP̃

−ξP

]
P ξP

t−1Yt+k .
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The maximization problem is then given by:

max
P̃

Et

∞∑
k=0

(βϕp)kλt+k

[
πξP −1

t+k

P̃ 1−ξP

Pt−1
− st+kπ

ξP
t+kP̃

−ξP

]
P ξP

t−1Yt+k .

The first-order condition is as follows:

0 = Et

∞∑
k=0

(βϕp)kλt+k

[
(1 − ξP )πξP −1

t+k

P̃

Pt−1
+ ξP st+kπ

ξP
t+k

]
Yt+k . (PS-10)

A.4 Household’s First-Order Conditions

The program for a representative household is given by:

max
{ch

t ,Dt,kh
t+1,Bt+1,lt}

E 0

∞∑
t=0

βt

((
ln(ch

t − γch
t−1

)
− ψ

l1+η
it

1 + η

)

s.t.

(1 + rd
t )Dt

Pt
+ (rt − qt(1 − δ))kh

t + Wt

Pt
lt + Πt + (1 + rd

t )Bt

Pt
= ch

t + qtk
h
t+1 + Dt+1

Pt
+ Bt+1

Pt
.

It results in the following first-order conditions:

• for consumption ch
t :

λt = 1
ch

t − γch
t−1

− γβ

E t

[
ch

t+1

]
− γch

t

(A.6)

• for deposits Dt:

λt = βE t

{
λt+1(1 + rd

t+1)
(
Pt

Pt+1

)}
(A.7)

• for capital kh
t+1:

λtqt = βE t {λt+1 [qt+1(1 − δ) + rt+1]}

• for bond holdings Bt:

∂Lt

∂Bt+1
= 0 ⇔ λt = βEt

{
λt+1(1 + rd

t+1)
(
Pt

Pt+1

)}

• Labour supply:

Wt

Pt

λt = ψlηt
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• Let πt = Pt

Pt−1
denote the (gross) inflation rate and combining the first-order

condition for household consumption (A.6) as well as the first-order condition
for deposit holdings (A.7) yields a typical Euler equation:

1
ch

t − γch
t−1

− βγ

Etch
t+1 − γch

t

= βEt(1 + rd
t+1) 1

πt+1

{
1

ch
t+1 − γch

t

− βγ

Etch
t+2 − γch

t+1

}
.

B Aggregation and Laws of Motion for Capital
Stock and Equity

Since banks and households are all identical, the distribution of bank equity and
household net worth within both sectors is irrelevant for aggregate investment. In
contrast to banks and households, entrepreneurs differ in their net worth.

Externally funded aggregate investment It is given by:

It = Nt︸︷︷︸
equity

+ At︸︷︷︸
informed capital

+ ηbdt + ηebt︸ ︷︷ ︸
uninformed capital

−ΓtRest ,

Banks hold total reserves Rest of which they invest a fraction 1 − Γt in bonds while
the remaining fraction 0 < Γt < 1 is held in final goods. Note that externally funded
aggregate investment is also given by It = 1/nmax(nmax − n̂t)It. Furthermore,

Nt := ηe

nmax∫
0

ntdG(nt) ,

is aggregate equity of entrepreneurs and let

N e
t := ηe

n̂t∫
0

ntdG(nt) ,

denote the equity of entrepreneurs who do not get any external funding. These
entrepreneurs invest their excess capital as uninformed capital in the open market
and lend it to other entrepreneurs (with access to finance).34 Then, the following
identity proves useful Nt = ηe

nmax∫
0
ntdG(nt) = 1

nmax (nmax − n̂t)Nt +N e
t to distinguish

between entrepreneurial equity used by externally funded entrepreneurs and unfunded

34 Given that entrepreneurs with equity less than n̂t do not obtain external finance, these en-
trepreneurs still fund projects through financial markets and therefore invest indirectly as well
which amounts to 1/nmaxn̂tIt or the missing fraction of aggregate investment It. The lack in
external funding is the reason why it is necessary to distinguish between It and It.
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entrepreneurs (N e
t ). The aggregate debt of entrepreneurs is given by:

Dt := 1
nmax

(nmax − n̂t)(It −Nt) = At︸︷︷︸
informed capital

+ ηbdt + ηebt +N e
t︸ ︷︷ ︸

uninformed capital

−ΓtRest , (B.1)

where we assume that entrepreneurs without access to external funding (nt < n̂t) invest
in bonds. Total bank equity and total entrepreneurial equity result from aggregating
(2.6) and (2.7) over all firms and banks:

At = [rt + qt(1 − δ)]Kb
t + ηb

tw
b
t ,

Nt = [rt + qt(1 − δ)]Ke
t + ηe

tw
e
t ,

where Kb
t = ηbkb

t and Ke
t = ηeke

t are aggregate capital-good holdings by bankers and
entrepreneurs.

The aggregate capital stock follows from the law of motion

Kt+1 = (1 − δ)Kt + pHRIt ,

with aggregate capital-good holdings by bankers and entrepreneurs at the beginning of
period t+1 are determined by the project return of surviving bankers and entrepreneurs,
τ b and τ e, respectively:

Kb
t+1 = τ bpH µ

∆p
It

nmax (n̄t − n̂t) ,

and

Ke
t+1 = τ epH

 n̄t∫
n̂t

Re,ind
t dG(nt) +

nmax∫
n̄t

Re,di
t dG(nt)

 , (B.2)

⇔ Ke
t+1 = τ epH

nmax

[
(n̄t − n̂t)

B

∆p + (nmax − n̄t)
B̄

∆p

]
It . (B.3)

Note that the depreciation of banker and entrepreneurial capital stock is conducted
after intermediate goods production and captured in the respective net worth of bankers
and entrepreneurs. Finally, aggregate consumption by bankers and entrepreneurs is
given by the remaining share of exiting bankers and entrepreneurs, respectively:

Cb
t =

(
1 − τ b

)
qtp

H µ

∆p
It

nmax (n̄t − n̂t) ,

Ce
t = (1 − τ e) qt

pH

nmax

[
(n̄t − n̂t)Re,ind + (nmax − n̄t)Re,di

]
It.
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Aggregate household consumption and capital holdings are equal to:

Ch
t = ηhch

t ,

Kh
t = ηhkh

t .

The equity threshold for direct finance is derived from aggregating investment of
directly funded entrepreneurs and aggregating uninformed capital, i.e.

n̄t =
∫ nmax

n̄t

ItdG(nt) − ηe p
Hqt

1 + rd
t

(
R − B̄

∆p

)∫ nmax

n̄t

ItdG(nt) ,

⇔ n̄t = χtIt

1 + χtIt

, (B.4)

where equation (B.4) uses nmax = 1 and defines χt ≡ 1 − ηe qtpH

1+rd
t

(
R − B̄

∆p

)
. The equity

threshold for indirect finance is obtained in a similar manner. Thus, aggregating
indirectly funded investment, deposit demand and informed capital yields

n̂t(·) =
∫ n̄t

n̂t

ItdG(nt) − qtp
Hµ

(1 + ra
t )∆p

∫ n̄t

n̂t

ItdG(nt) − qtp
H

1 + rd
t

(
R − B + µ

∆p

)∫ n̄t

n̂t

ItdG(nt) ,

⇔ n̂t(·) = n̄tItζt

1 + ζtIt
, (B.5)

where equation (B.5) again uses nmax = 1 and defines ζt ≡ 1 − qtpHµ
(1+ra

t )∆p
−

ηbqtpH

1+rd
t

(
R − b+µ

∆p

)
. Aggregate return on bank equity (or on informed capital) is

given by:

1 + ra
t = qtµp

H

∆pAt

It

nmax (n̄t − n̂t).

The aggregate bond demand is derived by integrating the equity of entrepreneurs
given the limits for investments required by the respective type of finance. Hence:

bt = qtp
H

1 + rd
t

(
R − B̄

∆p

)
It

nmax (nmax − n̄t).

Aggregate deposit demand is derived analogously to bond demand, which yields

dt = qtp
H

1 + rd
t

(
R − b+ µ

∆p

)
It

nmax (n̄t − n̂t),

where the right-hand side denotes the deposits used for indirect finance.
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The maximum leverage restriction is given by

levtAt = It

nmax (n̄t − n̂t) − 1
nmax (n̄t − n̂t)([rt + qt(1 − δ)]Ke

t + ηewe
t ) + (1 − Γt)Rest︸ ︷︷ ︸

≡BLt

,

(B.6)

which restricts lending activities and bond purchases of the banking sector to a leverage
limit levt of bankers’ equity. Note that the restriction targets both types of external
funding where only intermediate-rich firms (the second term on the right-hand side)
obtain indirect funding and banks investing (1 − Γt)Rest in bonds.

The market for financial market investments (bond finance) clears if

Ne
t + ηebt + (1 − Γt)Rest = It

nmax (nmax − n̄t) − 1
nmax (nmax − n̄t)([rt + qt(1 − δ)] Ke

t + ηewe
t )︸ ︷︷ ︸

≡CMLt

,

(B.7)

holds. Note that the right side of the equation denotes bond issuance CMLt. Fur-
thermore, using equations (B.1), (B.6) and (B.7), a bank’s balance sheet identity is
derived

At + ηbdt︸ ︷︷ ︸
Liabilities

= It

nmax (n̄t − n̂t) − 1
nmax (n̄t − n̂t)([rt + qt(1 − δ)]Ke

t + ηewe
t ) + Rest︸ ︷︷ ︸

Assets

.

(B.8)

Note that the right-hand side denotes bank assets which is equal to bank lending
through indirect funding BLt. The (banking) credit-to-GDP ratio as the regulatory
target variable xt is defined as

xt =
It

nmax (n̄t − n̂t) − 1
nmax (n̄t − n̂t)([rt + qt(1 − δ)]Ke

t + ηewe
t ) + (1 − Γt)Rest

Yt

.

Finally, aggregate output is given by

vtYt = Kθk
t H

θh
t (ηe)θe(ηb)θb − Θ ,

with the price dispersion

vt =
∫ 1

0

(
Pjt

Pt

)−ξP

dj ,

which is zero in a first-order approximation (Galí 2014, p. 59). Note that the derivation
uses the intermediate-goods demand (A.1), aggregate banker labour supply—given by
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ηb∫
0

1db = ηb—and aggregate entrepreneurial—given by
ηe∫
0

1de = ηe.35 Furthermore, note
that market clearing for banker labour demand and entrepreneurial labour demand
are given byηb =

1∫
0
hb

jtdj and ηe =
1∫
0
he

jtdj.

C Steady State Values

We call a variable Xt to be in the steady-state, for all t, if EtXt+1 = Xt = Xt+1 = X̃.
In our model, we have the following steady-state values:

• Capital good producing entrepreneurs:

R̃e,di = B̄

∆p
1

nmax

(
nmax − ˜̄n) Ĩ ,

R̃e,ind = B

∆p
(˜̄n− ˜̂n) Ĩ ,

R̃b = µ

∆p
(˜̄n− ˜̂n) Ĩ ,

levSSÃ+ Γ̃R̃es = Ã+ ηbd̃ ,

levSSÃ = Ĩ

nmax (˜̄n − ˜̂n) − 1
nmax (˜̄n − ˜̂n)

(
q̃

β
K̃e + ηew̃e

)
+ (1 − Γ̃)R̃es ,

Ñ = q̃

β
K̃e + ηew̃e ,

Ñ e = ˜̂n q̃
β

K̃e

nmax +
˜̂n

nmax η
ew̃e ,

Ã = q̃

β
K̃b + ηbw̃b ,

1 + r̃d = 1
β
,

1 + r̃a = q̃pHµ

∆pÃ
Ĩ

nmax (˜̄n− ˜̂n) ,

Ỹ = K̃θkL̃θh(ηe)θe(ηb)θb − Θ ,

˜̄n =
Ĩ
(
1 − q̃pHηeβ(R − B̄

∆p
)
)

1 + Ĩ
(
1 − q̃pHηeβ(R − B̄

∆p
)
) ,

˜̂n =
˜̄nĨ (1 − q̃pHµ

∆p(1+r̃a) − q̃pHηbβ
(
R − B+µ

∆p

))
1 + Ĩ

(
1 − q̃pHµ

∆p(1+r̃a) − q̃pHηbβ
(
R − B+µ

∆p

)) ,

abusing the notation ˜̄n and ˜̂n denote the steady states of the equity limits for
direct and indirect finance, respectively.

35 Remember, banker and entrepreneurs supply one unit of labour inelastically.
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• Intermediate goods producing firms:

P̃ = 1 ,

s̃ = ξP − 1
ξP

,

r̃ = q̃

β
− (1 − δ)q̃ ,

r̃ = s̃θkK̃
θk−1L̃θh(ηe)θe(ηb)θb ,

w̃e = s̃θeK̃
θkL̃θh(ηe)θe−1(ηb)θb ,

w̃b = s̃θbK̃
θkL̃θh(ηe)θe(ηb)θb−1 ,

w̃ = s̃θhK̃
θkL̃θh−1(ηe)θe(ηb)θb

• Households:

λ̃ = 1 − γβ

(1 − γ)C̃h
,

λ̃w = ψlη ,

l̃ = L̃ ,

d̃ = q̃βpH

(
R − B + µ

∆p

)
Ĩ

nmax (˜̄n− ˜̂n) ,

b̃ = q̃βpH

(
R − B

∆p

)
Ĩ

nmax (nmax − ˜̄n) ,

Π̃ = (1 − s̃)Ỹ

• Entrepreneurs and bankers:

C̃e = q̃(1 − τ e)pH

nmax

(
B

∆p(˜̄n− ˜̂n) + B̄

∆p(nmax − ˜̄n)
)
Ĩ ,

C̃b = q̃(1 − τ b)pH µ

∆p
Ĩ

nmax (˜̄n− ˜̂n) ,

K̃e = τ epH

nmax

(
B

∆p(˜̄n− ˜̂n) + B̄

∆p(nmax − ˜̄n)
)
Ĩ ,

K̃b = τ bpH µ

∆p
Ĩ

nmax (˜̄n− ˜̂n)
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• Equilibrium Conditions:

K̃ = K̃h + K̃e + K̃b ,

Ỹ = C̃ + Ĩ ,

Ĩ = δ

pHR
K̃ ,

C̃ =C̃h + C̃b + C̃e ,

Ĩ = 1
nmax (nmax − ˜̂n)Ĩ ,

ηeb̃ + Ñ e + (1 − Γ̃)R̃es = 1
nmax (nmax − ˜̄n)

(
Ĩ − q̃

β
K̃e − ηew̃e

)
,

C̃h + K̃h + ηbd̃+ ηeb̃ = (r̃ + q̃(1 − δ))K̃h + Π̃ + w̃L̃+ (1 + r̃d)(ηbd̃+ ηeb̃) ,

ηeb̃+Ñ e +Ã+ηbd̃+(1− Γ̃)R̃es = 1
nmax (nmax − ˜̂n)

(
Ĩ − q̃

β
K̃e − ηew̃e

)
+R̃es

• Bond issuance (Financial market funding)

C̃ML = 1
nmax

(
nmax − ˜̄n) (Ĩ − Ñ

)

• Bank lending

B̃L = 1
nmax

(˜̄n− ˜̂n) (Ĩ − Ñ
)

+ (1 − Γ̃)R̃es

D Linearised Model

We denote by X̂t the percentage deviation of the variable Xt from its steady-state
value X̃. Then, we get the following system of equations:

D.1 Capital Good Production:

• Net wealth available:

– to the entrepreneur

N̂t = K̃e

Ñ

[
r̃r̂t + q̃(1 − δ)q̂t + q̃

β
K̂e

t

]
+ ηe w̃

e

Ñ
ŵe

N̂ e
t = ̂̂nt +

˜̂nK̃e

nmaxÑ e

(
q̃

β
K̂e

t + r̃r̂t + q̃(1 − δ)q̂t

)

X



– to the banker:

Ât = q̃K̃b

βÃ
K̂b

t + K̃b

Ã
[r̃r̂t + q̃(1 − δ)q̂t] + ηb w̃

b

Ã
ŵb

t

• Deposit demand:

d̂t = q̂t + Ît − (1 − β)r̂d
t + 1˜̄n− ˜̂n

(˜̄nˆ̄nt − ˜̂nˆ̂nt

)

• Bond demand:

b̂t = q̂t + Ît − (1 − δ)r̂d
t −

˜̄n
nmax − ˜̄n ˆ̄nt

• Interest rate on uninformed capital using Ra
t = 1 + ra

t :

R̂a
t = q̂t + Ît − Â+ 1˜̄n− ˜̂n

(˜̄nˆ̄nt − ˜̂nˆ̂nt

)

• Minimum entrepreneurial equity for indirect finance deviation from steady state
ˆ̂nt is given by:

ˆ̂nt = ˆ̄nt + 1
(1 + ζ̃ Ĩ)

Ît + ζ̃ − 1
ζ̃(1 + ζ̃ Ĩ)

q̂t + q̃pHµ

ζ̃(1 + ζ̃ Ĩ)∆pR̃a
R̂a

t

+
(1 − β)pHβηbq̃

(
R − B+µ

∆p

)
ζ̃(1 + ζ̃ Ĩ)

r̂d
t

• Minimum entrepreneurial equity for direct finance deviation from steady state
ˆ̄nt is given by:

ˆ̄nt = 1
(1 + χ̃Ĩ)

Ît + χ̃− 1
χ̃(1 + χ̃Ĩ)

q̂t + (1 − β)(χ̃− 1)
χ̃(1 + χ̃Ĩ)

r̂d
t

D.2 Household Sector

• (Aggregate) consumption:

Ĉh
t = 1 + γβ + γ2β

1 + γ + γ2β
EtĈ

h
t+1 − γβ

1 + γ + γ2β
EtĈ

h
t+2

+ γ

1 + γ + γ2β
Ĉh

t−1 − (1 − γβ)(1 − γ)
1 + γ + γ2β

Et

(
(1 − β)r̂d

t+1 − π̂t+1
)
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• Household capital decision:

q̂t = Etπ̂t+1 − (1 − β)r̂d
t+1 + (1 − β(1 − δ))Etr̂t+1 + β(1 − δ)Etq̂t+1

• Capital law of motion:

K̂t+1 = (1 − δ)K̂t + δÎt

D.3 Final Good and Intermediate Goods Production

• Aggregated future entrepreneur and banker capital:

K̂e
t+1 = κ̂t + Ît + pHτ e ˜̄nĨ

nmaxK̃e

(
B

∆p − B̄

∆p

) ̂̄n− pHτ e ˜̂nĨ
nmaxK̃e

B

∆p
̂̂nt

K̂b
t+1 = κ̂t + Ît + 1

n̄− n̂

(˜̄nˆ̄nt − ˜̂nˆ̂nt

)

• Aggregated consumption of the entrepreneur and the banker:

Ĉe
t+1 = κ̂t + q̂t + Ît + q̃pH(1 − τ e)˜̄nĨ

nmaxC̃e

(
B

∆p
− B̄

∆p

) ̂̄nt − q̃pH(1 − τ e)˜̂nĨ

nmaxC̃e

B

∆p
̂̂nt

Ĉb
t+1 = κ̂t + q̂t + Ît + 1˜̄n− ˜̂n

(˜̄nˆ̄nt − ˜̂nˆ̂nt

)

• Aggregate investments:

Ît = 1
nmax

(
nmax − ˜̂n) Ĩ Ît −

˜̂nĨ
nmax

ˆ̂nt

• Resource constraint:

Ŷt = C̃

Ỹ
Ĉt + Ĩ

Ỹ
Ît

• Aggregate consumption:

Ĉt = C̃e

C̃
Ĉe

t + C̃h

C̃
Ĉh

t + C̃b

C̃
Ĉb

t

• Aggregated output:

Ŷt = φθkK̂t + φθhL̂t
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with φ = 1 + Θ
Ỹ

• Aggregated capital:

K̂t = K̃h

K̃
K̂h

t + K̃e

K̃
K̂e

t + K̃b

K̃
K̂b

t

• New-Keynesian Phillips curve:

π̂t = β

1 + β
Etπ̂t+1 + π̂t−1

1 + β
+ κ

1 + β

(
θkr̂t + θhŵt + θbŵ

b
t + θeŵ

e
t − ẑt

)

with κ = (1−βϕP )(1−ϕP )
ϕP

.

• Capital-to-household-labour-ratio:

L̂t = r̂t + K̂t − ŵt

• Capital-to-entrepreneur-labour-ratio:

0 = r̂t + K̂t − ŵe
t

• Capital-to-banker-labour-ratio:

0 = r̂t + K̂t − ŵb
t

• Wage rate:

ŵt = ηl̂t −
(

γβ

(1 − γβ)(1 − γ)EtĈ
h
t+1 − 1 + γ2β

(1 − γβ)(1 − γ) Ĉh
t + γ

(1 − γβ)(1 − γ) Ĉh
t−1

)

• Marginal costs:

ŝt = θkr̂t + θhŵt + θbŵ
b
t + θeŵ

e
t − ẑt

D.4 Regulatory Authority

• Aggregate leverage restriction:

l̃evÃ(l̂evt + Ât) = 1
nmax

(˜̄n− ˜̂n) (Ĩ Ît − ÑN̂t

)
+ 1
nmax

(
Ĩ − Ñ

) (˜̄n̂̄nt − ˜̂n̂̂nt

)
+
(
1 − Γ̃

)
R̃esR̂est − Γ̃R̃esΓ̂t
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• financial resource constraint:

ÃÂt + ηbd̃d̂t + ηeb̃b̂t + Ñ eN̂ e
t

+
(
1 − Γ̃

)
R̃esR̂est − Γ̃R̃esΓ̂t = − 1

nmax

(
Ĩ − Ñ

) ˜̄n̂̄nt

+ 1
nmax

(
nmax − ˜̄n) (Ĩ Ît − ÑN̂t

)
+ 1

nmax

(˜̄n − ˜̂n) (Ĩ Ît − ÑN̂t

)
+ 1

nmax

(
Ĩ − Ñ

) (˜̄n̂̄nt − ˜̂n̂̂nt

)
+ R̃esR̂est

• bond market clearing condition:

ηeb̃b̂t + Ñ eN̂ e
t +

(
1 − Γ̃

)
R̃esR̂est − Γ̃R̃esΓ̂t = − 1

nmax

(
Ĩ − Ñ

) ˜̄n̂̄nt+
1

nmax

(
nmax − ˜̄n) (Ĩ Ît − ÑN̂t

)

• Bond issuance (Financial market funding)

C̃MLĈMLt = − 1
nmax

(
Ĩ − Ñ

) ˜̄n̂̄nt + 1
nmax

(
nmax − ˜̄n) (Ĩ Ît − ÑN̂t

)

• Bank lending

B̃LB̂Lt = 1
nmax

(˜̄n− ˜̂n) (Ĩ Ît − ÑN̂t

)
+ 1
nmax

(
Ĩ − Ñ

) (˜̄n̂̄nt − ˜̂n̂̂nt

)
+
(
1 − Γ̃

)
R̃esR̂est − Γ̃R̃esΓ̂t

• Leverage:

l̂evt = υ̂t + ωx̃

levSS

x̂t

with

x̂t = 1
x̃Ỹ

( 1
nmax

(˜̄n− ˜̂n) (Ĩ Ît − ÑN̂t

)
+ 1
nmax

(
Ĩ − Ñ

) (˜̄n̂̄nt − ˜̂n̂̂nt

))

+ 1
x̃Ỹ

((
1 − Γ̃

)
R̃esR̂est − Γ̃R̃esΓ̂t

)
− B̃L

x̃Ỹ
Ŷt

• Taylor Rule:

r̂d
t = ρrr̂

d
t−1 + (1 − ρr) [ρπ(π̂t+1) + ρdy(ŷt − ŷt−1) + ρdπ(π̂t − π̂t−1)] − ϵmp

t
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• Shock Process:

υ̂t = ρυυ̂t−1 + ϵυ
t (D.1)

E Supplementary Figures

• The following Figure 8 shows the growth rates of (nominal) credit-to-GDP
ratio in the Euro area from 2000 to 2022. Credit is measured by total bank
credits to the non-financial sector (public and private-owned companies). The
average growth rate over that period is 1.6% per year which implies that the
credit-to-GDP ratio has been growing since the start of the common currency
union. However, the credit-to-GDP ratio remained relatively stable after the
Great Recession of 2008 (the average growth rate is zero from 2010 to 2022).
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Figure 8. Growth rates of the credit-to-GDP ratio in the Euro area. Source: own calculation.
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