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Abstract

I study the role of firm heterogeneity for the transmission of unconventional monetary pol-
icy intended to ease firms’ borrowing constraints, often referred to as “credit policy”. To
this end, I lay out a Two-Agent New-Keynesian model with financially constrained and un-
constrained firms and financial intermediaries with endogenous leverage constraints. I find
two main results: First, when firms are heterogeneous, the effectiveness of credit policy in
stimulating aggregate investment is significantly reduced compared to a representative firm
setting. Second, a credit policy shock leads to a persistent reallocation of capital between
firms even if the policy is evenly directed towards all firms. I also use my model to compare
the effects of credit policy targeted at different firms and the effectiveness of credit policy in
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1 Introduction

Since the Great Financial Crisis, central banks around the world have engaged in unprece-
dented measures intended to ease borrowing constraints for firms and thereby stimulate
investment. These policies, often referred to as “credit policy”, have also been at the centre
of efforts to mitigate deteriorations in firm financing conditions caused by the Covid-19 shock
from March 2020 onwards."

To the extent that borrowing constraints differ across firms, policy actions which affect
these constraints might lead to heterogeneous firm responses. In turn, these heterogeneous
responses potentially influence the macroeconomic effects of central bank credit policy. Mo-
tivated by this reasoning, this paper addresses the following research question: What is the
role of firm heterogeneity for the transmission of central bank credit policy?

My analysis builds on two main observations: First, central bank credit policy has
usually taken the form of purchases of specific asset classes. To the extent that there are
limits to arbitrage between these asset classes, this would give rise to heterogeneous effects
of the policy across different firms depending on the debt instruments they use (see, e.g.,
Papoutsi et al., 2021; Kurtzman and Zeke, 2020). Second, Ottonello and Winberry (2020)
document how, in the context of conventional monetary policy, differences in the degree to
which firms are affected by default risk-related borrowing constraints induce heterogeneous
sensitivities to general equilibrium increases in the price of capital. These heterogeneous
sensitivities should also play a role in the context of credit policy which raises the price of
capital by stimulating capital demand.

To the best of my knowledge, this is the first paper to simultaneously shed light on two
layers of firm heterogeneity and their respective role for the transmission of credit policy:
heterogeneity in (i) sources of debt financing and (ii) default risk and the associated borrow-
ing constraints. In particular, it is the first to consider the effects of heterogeneity in default
risk in the context of credit policy as opposed to conventional monetary policy. In doing so,
it uncovers a degree of state dependence of credit policy in the sense that the composition of
the production sector affects the policy’s effectiveness in stimulating aggregate investment.
Furthermore, my analysis shows how the presence of default risk heterogeneity may affect
the relative effectiveness of credit policy directed at different types of firms.

To address the research question, I introduce credit policy into a New-Keynesian model
which incorporates important aspects of firm heterogeneity. In particular, I divide the pro-
duction sector into two ex-ante heterogeneous subsectors, which I refer to as “constrained”
and “unconstrained”. This allows for a tractable illustration of the relevant channels in the
transmission of credit policy. In principle, firms in both subsectors can fund investment using
internal and external financing from specialised intermediaries where the latter is subject to

two forms of financial frictions.

"Woodford (2022) provides a theoretical framework to think about the differences between the Covid-
19 shock and previous crises. This theoretical framework is used to compare the efficacy of conventional
monetary policy, fiscal transfers and credit policy.



The first friction is related to firm specific default risk and originates from a costly
state verification problem as in Bernanke et al. (1999). Under the baseline calibration, only
firms in the constrained subsector are affected by this friction whereas default risk of firms
in the unconstrained subsector is sufficiently low for them to be unrestricted in this sense.
In the following, I refer to the constraint associated with this friction as a firm’s “financial
constraint”.

The second friction originates from a costly enforcement problem which limits the
amount of funds intermediaries can obtain from depositors as in Gertler and Karadi (2011).
This imposes an endogenous leverage constraint on their lending operations. By assumption,
intermediaries are specialised in the sense that their lending is confined to one of the two
firm subsectors. In steady state, the costly enforcement constraint applies equally to both
subsectors although its relative tightness may change in response to shocks.

Following Gertler and Karadi (2011), credit policy is modelled as an increase in the
scope of financial intermediation by the central bank. This eases the endogenous leverage
constraint of financial intermediaries and lowers firm financing costs.

I consider the transmission mechanism of credit policy as well as the role of implementa-
tion and the ability of credit policy to stabilise economic activity in a financial crisis. For the
latter I consider a shock to the net worth of financial intermediaries. I find that credit policy
is generally effective in stimulating investment by lowering the external finance premium
schedule which governs the investment decision of firms.

In my analysis, the presence of firm heterogeneity gives rise to two main results. First,
credit policy is less effective in stimulating investment on impact when there is heterogeneity
between subsectors. The reason for this result is that a crowding out effect via the price of
capital induces unconstrained firms to demand less capital, partly offsetting the increased
capital demand by constrained firms and dampening the aggregate investment response.
In particular, the initial increase in the demand for capital implied by an improvement in
financing conditions leads to an increase in the price of capital. This increase in the price of
capital raises firms’ net worth and further relaxes their financial constraint which leads to an
additional increase in the demand for capital. This is the well known financial accelerator
mechanism in Bernanke et al. (1999). However, the increase in the capital price also directly
raises the marginal cost of capital, reducing capital demand. Unconstrained firms are not
affected by the financial accelerator effect but strongly affected by the increase in the price of
capital and therefore react to the policy intervention by decreasing their demand for capital.?
The crowding out effect also implies that credit policy is less effective in responding to a
financial crisis.

Second, I find that credit policy leads to a persistent reallocation of capital from un-

constrained to constrained firms. In my model, the production technology is identical across

2This crowding out effect has also been identified to play a role in the transmission of conventional
monetary policy in Ottonello and Winberry (2020). Crowding out in the context of credit policy is also a
feature in Kurtzman and Zeke (2020), following directly from assumptions on the intermediation friction. In
my setting, it arises endogenously from the default risk related financial friction as discussed below.



firms in both subsectors such that relative capital holdings are entirely determined by the
relative degree to which firms are affected by financial constraints. The credit policy induced
increase in constrained firm net worth changes these relative financial constraints in a way
to induce relatively higher capital holdings by constrained firms.

Qualitatively, these effects do not crucially depend on whether credit policy is directed
at one subsector or the other. This is due to the fact that the responses to a credit policy
shock are driven by sensitivities to general equilibrium changes in the price of capital and
the financial accelerator mechanism. Differences in the implementation of credit policy only
affect the strength of these effects.

In general, my analysis suggests that the effectiveness of credit policy in inducing a
stimulative effect on aggregate investment depends crucially on the degree of default risk
heterogeneity between constrained and unconstrained firms. Moreover, credit policy effec-
tiveness is substantially affected by the choice of the subsector targeted by the central bank’s

intervention.

This paper mainly relates to three strands of the literature. First, it contributes to the
literature on unconventional monetary policy in the form of “credit policy”. Like this paper, a
substantial part of the existing literature builds on Gertler and Karadi (2011, 2013). Another
contribution in this area is Ctrdia and Woodford (2011) who take a broader perspective in
evaluating the role of the central bank balance sheet as a policy instrument. A more recent
approach, focussing on the intermediearies’ risk tolerance is Caballero and Simsek (2021). I
complement the approach by Gertler and Karadi (2011, 2013) with an explicit formulation
of default risk and thereby allow for financial heterogeneity to have a substantial effect on
the transmission of credit policy.

The presence of firm heterogeneity also allows me to capture effects of a specific im-
plementation of asset purchases. Investigating credit policy under different kinds of firm
heterogeneity, Papoutsi et al. (2021) and Kurtzman and Zeke (2020) show that the decision
on the types of assets a central bank purchases may play a role for aggregate effects of credit
policy. Adding to these observations, my approach including default risk shows that firm
heterogeneity may play a role for the aggregate effects of credit policy even when the central
bank purchases debt in equal proportions, i.e., “across the board”.

Second, my analysis builds on the literature on financial frictions related to default risk
and costly state verification. This strand of the literature can be traced back to seminal
contributions like Bernanke and Gertler (1989) and Carlstrom and Fuerst (1997). Bernanke
et al. (1999) embed this kind of financial friction in a New-Keynesian DSGE model which
provides the basic framework around which my model is constructed. While these approaches
relate borrowing constraints to the liquidation value of physical assets, recent contributions
have highlighted the relevance of earnings based borrowing constraints (see, e.g., Lian and
Ma, 2021; Drechsel, 2021; Greenwald, 2019). By adopting the approach by Bernanke et al.

(1999) T am able to directly relate my analysis to existing work on firm heterogeneity in the



transmission of monetary policy.

Third, I build more broadly on the literature on firm heterogeneity with financial fric-
tions (see, e.g., Khan and Thomas, 2013; Arellano et al., 2019). My approach particularly
relates to contributions which explore the role of these aspects for conventional monetary
policy. Empirical contributions include Jeenas (2019), Cloyne et al. (2019) and Anderson
and Cesa-Bianchi (2021). Formulating a theoretical model to rationalise their own empirical
findings, Ottonello and Winberry (2020) provide insights which are particularly relevant for
my analysis. In contrast to these contributions, my model features limited heterogeneity
across firms by allowing for perfect aggregation within firm subsectors.

My model setup is closely related to Rannenberg (2016) and Kiihl (2018) who also
combine the frictions of the kind found in Bernanke et al. (1999) and Gertler and Karadi
(2011, 2013) in one model. My framework extends these models by incorporating firm het-
erogeneity and analysing the effects of private sector credit policy instead of government
bond purchases as in Kiihl (2018).

The rest of the paper is structured as follows: Section two provides a detailed description
of the model with a particular focus on the relevant financial frictions. Section three then
presents the results of the model analysis with respect to the transmission of credit policy.
Section four sheds light on the role of implementation and the ability of the central bank to
counteract the effects of and adverse financial shock by engaging in credit policy. Section

five concludes and the appendix provides derivations as well as additional results.

2 Model

Figure 1 provides an overview of my model building on Bernanke et al. (1999) and Gertler
and Karadi (2011). In particular, I extend the framework in Bernanke et al. (1999) in two
significant ways as indicated by the light blue coloured boxes in figure 1. First, I split
the continuum of intermediate goods firms into two groups which I refer to as constrained
and unconstrained firms. I calibrate my model such that constrained firms are limited in
their investment decision by a costly state verification (CSV) friction whereas unconstrained
firms are effectively unrestricted in this regard. This distinction between constrained and
unconstrained firms lies at the heart of my analysis and allows my model to capture important
mechanisms with respect to firm heterogeneity.

As a second extension, I allow for frictions in intermediation and credit policy as a tool
to mitigate this friction as assumed in Gertler and Karadi (2011). In particular, there is a
costly enforcement problem which limits the amount of funds specialised intermediaries can
obtain from households to lend to intermediate good firms from a specific subsector. In my
model, there may be differences in the degree to which this friction limits the amount of funds
extended to the two subsectors, which introduces another dimension of firm heterogeneity.

As T will explain in more detail below, the two frictions in the process of channelling
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funds from households to firms imply that borrowing is subject to an external finance pre-
mium which consists of two components. A default risk premium associated with the CSV
friction 4 la Bernanke et al. (1999), and an excess bond premium associated with the costly
enforcement problem in Gertler and Karadi (2011).3

As in Gertler and Karadi (2011), the central bank can bypass the costly enforcement
friction and take over a certain share of intermediation by issuing riskless short-term debt
to households and extending funds to intermediate goods firms. As intermediation by the
central bank is not subject to the same financial friction as private intermediation, this eases
financing conditions for intermediate goods firms and thereby encourages investment.

The following model description focuses on financial intermediaries, intermediate goods
firms and the financial frictions governing their investment decision, and how intermediation
is affected by credit policy. The standard elements of the model, i.e., households, retailers,

capital producers and conventional monetary policy are described at the end of the section.
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Figure 1: Model overview. Light blue boxes represent extensions to the basic framework of Bernanke
et al. (1999). Financial intermediation and the role of the central bank are based on Gertler and
Karadi (2011).

2.1 Intermediate goods firms

The intermediate goods firms sector consists of a continuum of risk-neutral firms which
combine labour and capital to produce intermediate goods which they sell to retailers in
exchange for final goods. Each firm belongs to a subsector i € {c¢,u}. The share of firms
belonging to subsector ¢ is denoted by s;. In what follows, I first describe how the two
subsectors aggregate into the overall intermediate goods production sector. Subsequently, I

characterise a generic subsector ¢ intermediate goods firm j € [0, s;] and the financial contract

3Rannenberg (2016) refers to these premia as “entrepreneurial quasi-profit margin” and “bank profit
margin” respectively while Kiihl (2018) uses the terms “finance premium” and “bank profit margin”. The
term excess bond premium is taken from Gilchrist and ZakrajSek (2012) where it broadly represents the
component of credit spreads not accounted for by idiosyncratic default risk (see section 2.2 below).



governing its investment decision. I then describe how the mass of individual firms within
each subsector can be aggregated into a representative intermediate goods firm. Finally, I

lay out the determinants of default risk heterogeneity between the two subsectors.

2.1.1 Aggregation across subsectors

I assume that the quantities of intermediate goods produced in the two subsectors aggregate

into a single aggregate intermediate good according to the following CES aggregator

D=

Yi= (Y4 5uY00)"

where p is the elasticity of substitution between the two subsectors’ intermediate goods. This

implies that the relative price of the respective sectors’ intermediate good output in terms

IS AN
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where X% is the relative price of the (aggregate) intermediate good in terms of the final

of the final good is given by

good.
Firms in both subsectors are assumed to use the same type of capital such that aggregate

capital is composed of capital employed in each of the two subsectors according to
K = ScKc,t + SuKu,t-

By abstracting from sector specific capital, I am able to isolate the effects of financial het-
erogeneity from other potential dimensions of firm heterogeneity. Perfect substitutability of
capital across sectors is also crucial for a single equilibrium price of capital to affect decisions
of all firms. This way, capital demand of one subsector affects the price of capital faced by
the other.

Firms in both subsectors employ the same type of labour. Aggregate labour is thus

allocated to the two subsectors according to
H; = Sch,t + SuHu,t-

As Bernanke et al. (1999), my model also features entrepreneurial labour. This is required
for new firms without retained earnings from previous periods to enter with a certain amount
of initial net worth (see section 2.1.3 below). Aggregate entrepreneurial labour is allocated

to the two subsectors according to
Hte == Sche’t + Squ,t'

My assumptions regarding the aggregation across subsectors have important implica-

4Equivalently, X; is the gross markup of the retail good’s price over the intermediate good’s price.



tions for the relationship of factor prices between subsectors. First, households are indifferent
between supplying labour to either of the subsectors. Hence, the real wage is equalised be-
tween the two subsectors. In contrast, the supply schedule of capital differs between subsec-
tors. As described below, firms in the two subsectors potentially have different equilibrium
levels of net worth and leverage which, given the financial friction, induces different levels of
expected cost of default. This in turn implies that a marginal cost of capital in one subsector
is not the same as in the other subsector. In equilibrium, where the return on capital equals

its marginal cost, the returns in the respective subsectors are therefore not equalised.

2.1.2 Financial contract and individual firm behaviour

Each individual firm j in subsector ¢ uses net worth and borrowing from intermediaries to

finance expenditures on capital. Its balance sheet at the end of period ¢ is thus given by
QI = N{ 1+ By, (1)

where (); is the economy-wide price of capital, th+1 is the net worth of firm j at the end
of period ¢ (i.e., the net worth it carries over to period ¢+ 1) and B*g 41 Is its borrowing
due in period ¢+ 1. Kg 11 denotes the amount of capital goods of firm j purchased at the
end of period ¢t and used for production in the subsequent period.> To ease notation, I do
not include a subsector ¢ subscript when characterising the behaviour of the individual firm.
In the following exposition of the financial contract, I assume that the firm takes as given
the price @ and the return on its capital, denoted by Rfﬂ. Later, these terms will be
endogenously determined.

A given firm’s return on capital is subject to an idiosyncratic shock w’, i.e., the in-
dividual return on capital of firm j is given by w’ Rfﬂ. I assume w’ to be log-normally
distributed, i.e., In(w’) ~ N(—0.502,02) such that E;w’/] = 1.

As in Bernanke et al. (1999) lenders must pay a fixed auditing cost u to be able to observe
the idiosyncratic returns of potential borrowers. Under this costly state verification (CSV)
assumption, firm optimisation yields representations of the expected discounted return on
capital and leverage in terms of a default threshold (ZJ{ 41 (see appendix A.1 for details).

Ultimately, these imply the following relationship between the expected return on capital
discounted by the riskless lending rate RY 1 and leverage defined as the ratio of capital
expenditure to net worth ‘
E{Rf) _ (@txﬁﬂ) | )

b
Rt+1

with §'(z) > 0 if > 1. Firm j will always accumulate capital up to the point where the
marginal return on capital is equal to its marginal cost. The right hand side of equation

(2) can thus be interpreted as the marginal cost of capital expenditure discounted by the

®As in Bernanke et al. (1999), firms are modelled to repurchase capital goods in each period to ensure
financial constraint applies to the whole firm instead of marginal investment.



riskless lending rate, i.e., the default risk premium. Higher leverage implies a higher risk of

costly default and a higher default risk premium (see appendix A.2 for details).

2.1.3 Aggregation within subsectors

Following Bernanke et al. (1999), intermediate goods are produced in subsector ¢ according

to the following production function
; P\ i\ 1—a
)/i{t = Ay (Kg,t) (Lg,t) J

where KZJ , is effective capital, the labour input ijt is a composite of household and en-
trepreneurial labour by the firm owner and A;; is an exogenous technology shifter. The
assumption of constant returns to scale implies linearity of capital in net worth (i.e., iden-
tical leverage of all firms) which allows for perfect aggregation across firms with different
levels of net worth into a single representative intermediate goods firm. For a given subsec-
tor ¢, condition (2) characterising the financial contract, can thus be written as a condition
determining the relationship between the representative firm’s leverage and its expected
discounted return on capital expenditure

Et{Rf,tH} _ <Qth',t+1>

Ni 41

3)
7 (
Ry
where the function s(.) exhibits the same properties as above.

This aggregation result allows for the determination of the equilibrium default risk
premium and aggregate leverage without having to track the distribution of firms with
respect to net worth. Aggregating over firms in subsector 7, the production function for

subsector i intermediate good output is given by
Yiie= Ai,tKﬁtL%,t_a,

1-Q
where L;; = HZ% (H&) is a composite of household labour H;; and labour provided
inelastically by entrepreneurs running the intermediate goods firms, Hf,.
Given this production function, the expected return on capital expenditure in subsector

7 obtains as

(4)

-1 Yi,
i Pz’{t—l—l Ofé(i7'ttjll +(1-90)Qt1
Qt '

s
k
Et{Ri,t—H} = Et{
In this specification, the return on capital consists of two parts: the term s, lPith +1% is
the marginal product of capital employed in subsector 4 in terms of retail goods. The term

(1 —0)Q¢+1 is the marginal resale value of capital where ¢ denotes the capital depreciation

6The marginal product of capital features the term s; IPZ»f 11 to take account of the across subsector
aggregation of output and factor inputs as explained in appendix A.3.



rate.

The equilibrium leverage of the representative intermediate goods firm in subsector i is
determined by substituting (4) into (3). The corresponding equilibrium in the market for
capital for a given level of net worth is depicted in figure 2. The marginal cost of capital
is given by the right hand side of equation (3) multiplied by @;.” It is horizontal as long
as capital is entirely financed using net worth, i.e., leverage is below one. Levels of capital
expenditure which exceed net worth incur default risk and therefore a positive default risk
premium. The higher the amount of capital relative to net worth, the higher the risk of
costly default and the higher the risk premium. The existence of the possibility of costly
default therefore leads to a marginal cost curve which is upward sloping in capital. Due to
diminishing returns to capital, the marginal benefit represented by the expected return on

capital in equation (4) discounted by the riskless lending rate is downward sloping.

Marginal Benefit Marginal Cost

K" Capital

Figure 2: Equilibrium in the market for capital. The marginal cost curve is determined by the
financial contract; the marginal benefit curve plots the discounted marginal return on capital

Inferring the choice of capital in general equilibrium (that is, from the equilibrium
leverage determined by the financial contract) requires a formulation of the evolution of
firm net worth. In order to prevent firms from accumulating large levels of net worth and
thereby escape the financing constraint, I follow Bernanke et al. (1999) in introducing a
finite lifetime of individual firms. In particular, a fraction (1 —-;) of firms exit the economy
in each period and exiting firms simply consume their equity value. To keep the mass of
intermediate goods firms constant, I assume that the fraction of exiting firms is replaced by
an equal number of new entrants in each period. New entrants’ net worth is equal to their
income from entrepreneurial labour. Given this assumption, the aggregate net worth which

subsector i firms carry over to the next period (end of period ¢ net worth) is composed of

"Note that this is the marginal cost of capital only in the absence of further frictions in intermediation.
As T will explain below, the introduction of a costly enforcement problem on the part of the intermediaries
will introduce an additional marginal cost component which will shift up the marginal cost curve.



the equity value of non-exiting firms and total entrepreneurial labour income
Nigy1=iVig + H Wi, (5)

where W, is the real wage on entrepreneurial labour and V;; is the equity of firms in
subsector 7. Specifically, equity consists of realised earnings on capital net of the cost of

servicing debt

pJg wRE Qi1 KiydF (w)
Qi—1Kit— Niy

Vie= RﬁtQt—le',t - (Rt + ) (Qi—1Kit— Niy).

“wRF Qi1 K, 1 dF . .
The term Jo %tii% tl_ ’Z ©) represents the ratio of default costs to the amount of credit

extended which can equally be interpreted as the credit spread.
Finally, the intermediate goods firms’ demand for household and entrepreneurial labour

satisfies

Yi: _
Wit=(1- Q)Qﬁsi 1P¢J,ct
1y

W =(1-a)(1-Q)-2Ls P,

i.e., the marginal product of the two labour inputs (in terms of final goods) must equal
the respective real wage. Again, these terms include s; IPi{t to take account of the across

subsector aggregation of output and factor inputs (see appendix A.3).

2.1.4 Default risk heterogeneity between subsectors

As in Ottonello and Winberry (2020), the key dimension along which the two subsectors
differ in my model is the degree to which they are affected by the CSV friction. My limited
heterogeneity setup is intended to capture key aspects of the distribution of firms therein.
Broadly speaking, the universe of firms in Ottonello and Winberry (2020) can be divided
into two categories depending on their level of net worth: High net worth firms who optimally
choose a level of capital which implies zero probability of default in the next period, and
low net worth firms who choose a level of capital which may result in default depending on
the realisation of idiosyncratic shocks. Visually, firms in the former category are located on
the horizontal segment of the marginal cost curve whereas firms in the latter category are
located on the upward sloping segment (see Ottonello and Winberry, 2020, pp. 2487-2488).
My objective is to analyse differences in the behaviour of firms in these two broad
categories, i.e., between relatively high net worth firms with zero default risk premium and
lower net worth firms with a positive default risk premium. To this end, I assign two different
values to the survival rates ~; of the two subsectors where 7. < 7,. As a result, subsector

¢ firms have on average a lower steady state level of net worth according to equation (5).
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In my calibration, I set -, sufficiently high for firms in the corresponding subsector to be
effectively unconstrained, i.e., located on the flat segment of the marginal cost curve in figure
2 whereas firms in subsector ¢ are constrained. The steady state equilibrium capital choice
in the two subsectors is visualised in figure 3.

An additional implication of the heterogeneous values for ~; is that unconstrained firms
are on average older and larger (in terms of net worth) than constrained firms. This is in line
with the observation that younger and smaller firms are more severely affected by funding

constraints than their older and larger counterparts (see, e.g., Cloyne et al., 2019).

Marginal Cost

Marginal Benefit Marginal Cost
Marginal Benefit
K" Capital K Capital
(a) Constrained firm (b) Unconstrained firm

Figure 3: Equilibrium in the market for capital - default risk heterogeneity between subsectors.
The position of firms on the marginal cost curves in the respective subsectors is determined by the
calibration of survival rates ;.

2.2 Financial intermediation

Financial intermediation is conducted by two types of representative financial intermediaries
which are modelled in the spirit of Gertler and Karadi (2011). The two intermediaries are
assumed to be specialised in the sense that they exclusively lend to firms in either of the
two subsectors. In particular, the intermediary specialised in subsector ¢ lending obtains
funds from households by issuing riskless deposits and lends to intermediate goods firms in
subsector 1.

The assumption of complete segmentation between the markets for subsector debt fol-
lows Anderson and Cesa-Bianchi (2021). It is motivated by the observation, that in practice,
investors face various relevant restrictions (e.g. regulartoy constraints) with respect to the
riskiness of assets they can acquire as shown by Chernenko and Sunderam (2012). The
formulation can be viewed as a simple way to introduce local supply effects on asset prices
where a change in the supply of a specific asset (e.g., due to credit policy) leads to a change
in the price of this specific asset. Local supply effects of credit policy have been documented
by e.g., D’Amico and King (2013) and Krishnamurthy and Vissing-Jorgensen (2013). The
assumed extreme form of segmentation allows for a clear representation of the transmission

mechanisms of credit policy. In a setting with partial market segmentation, the observed
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effects would be qualitatively similar but quantitatively different depending on the degree of
market segmentation.

The balance sheet of the intermediary specialised in subsector ¢ lending is given by
sz,t+1 = Nz'b,t + D¢,

where BZ ++1 denotes total lending of the subsector 7 intermediary to intermediate goods firms
in this subsector, Nf”t is the intermediary’s net worth and D;; denotes household deposits
with the intermediary. Lending is subject to a costly enforcement problem. In particular,
the intermediary can decide to divert a certain fraction )\g’ of funds. Upon diversion, the
depositors force the intermediary into bankruptcy and recover the remaining assets while
the intermediary keeps the fraction )\? of assets. In equilibrium, households will only be
willing to provide an amount of funds which ensures that the intermediary will never divert
funds, i.e., up to the point where the continuation value of the intermediary is higher than
the value of diverting funds.

Specifically, the incentive constraint of the intermediary is given by.
b b b
Vit 2 NiB; 1

where Vi{’t denotes the continuation value of the intermediary. This incentive constraint gives

rise to an endogenous intermediary leverage multiple ¢; such that

b
B o Mt
,t+1 7 \p b
)\ - V'L,t

Nib,t = ¢i,th'b,t (6)

where 775?,15 is the marginal gain to the intermediary of net worth and ’/z'b,t is the marginal
gain of expanding assets (see appendix A.4 for details). According to leverage constraint
(6), variations in net worth of intermediary ¢ will induce changes in the supply of funds to
intermediate goods firms in subsector ¢. In order to prevent intermediaries to escape the
financing constraint, I assume that a certain fraction of intermediaries exits the economy
in each period. Aggregate intermediary net worth then evolves as the sum of net worth by

existing intermediaries and net worth of new entrants.
b b b b b bnb
Ni,t =0; [(Ri,t - Rt)¢i,t—1 + Rt} Nz‘,t—lwp(ft) +tw; Bi,t—h

where Rgt denotes the interest rate on default risk-free lending to firms in subsector ¢,
95’ is the share of surviving intermediaries and wé’ governs the start up funds of entering
intermediaries. Following Rannenberg (2016), I include 5%’ as an exogenous i.i.d. shock to
intermediary net worth. This shock will later be used to induce a tightening of firm financing
conditions to assess the effects of credit policy in a financial crisis.

By imposing a limit on the intermediary’s ability to provide funding for firms, the
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costly enforcement problem gives rise to a positive interest rate differential between the
default risk-less lending rate and the deposit rate, i.e., %’fﬁ > 0.8 As this premium does
not reflect compensation for idiosyncratic firm default risk, it can be interpreted as the
excess bond premium in Gilchrist and Zakrajsek (2012).° In my model, the total external
finance premium is the product of the subsector-specific default risk premium, determined by
expression (3), and the excess bond premium determined by the costly enforcement friction

in intermediation. . . ,
Et{Rz’,tH} . Et{Rz’,tH} Ri,t+1
Ri11 Rgtﬂ Ri1

As part of the external finance premium, the excess bond premium enters the marginal cost
of capital for intermediate goods firms. The marginal cost curve as depicted in figure 2 above
can thus be thought of as a special case where the incentive constraint of the intermediary

. . RY
does not bind, i.e., when === = 1.
t+1

2.3 Credit policy

As in Gertler and Karadi (2011), credit policy takes the form of financial intermediation by
the central bank. In particular, the central bank may issue riskless short-term debt to the
household at the deposit rate R¢y1 and lend to intermediate goods firms in either subsector
at the equilibrium riskless lending rate Rfyt H.lo Total borrowing by intermediate goods
firms in each subsector 7 is thus composed of privately and publicly intermediated funds,

Bg 1+1 and B respectively such that
b
Bitt1= B 11+ Bi 141

When conducting credit policy, the central bank decides on the fraction of total lending it
wishes to intermediate. Specifically, the central bank chooses ); ; in th 11 =YitBiti1.
Importantly, there is no costly enforcement problem with respect to the ability of the
central bank to acquire funds from households. The fact that central bank and private
intermediation are imperfect substitutes implies that the additional demand for assets by
the central bank does not completely crowd out asset demand by private intermediaries such
that overall asset demand rises. This increase in asset demand leads to a lower excess bond
premium for firms. Assuming that the central bank is willing to intermediate a fraction 1); ¢

of total assets, the effective leverage ratio for total intermediated funds is given by

1
¢?P =
w1 — (o

8In the absence of any lending limit, the intermediary would extend funds up to the point where the
riskless lending rate equals the deposit rate

9n their words, the excess bond premium reflects the “price of bearing exposure to corporate credit risk
above and beyond the compensation for expected defaults” (Gilchrist and Zakrajsek, 2012, p. 1700)

10As highlighted in Gertler and Karadi (2011), credit policy could equivalently be formulated as the
central bank financing its lending operations by issuing debt to the financial intermediary.

Gt
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By raising the amount of debt it intermediates, the central bank relaxes the leverage con-
straint of private intermediaries and allows for more lending to the production sector (see
appendix A.4).

Visually, an increase in the fraction of funds intermediated by the central bank lowers
the marginal cost of capital schedule and thereby induces higher levels of capital, i.e., it
stimulates investment by relaxing funding constraints.

Note that due to the assumption of specialised intermediaries, the effective leverage
multiple is subsector specific. An increase in central bank intermediation of debt in one of
the two subsectors will thus have no effect on the effective leverage ratio and excess bond
premium in the other subsector.

In the model analysis below, I assume ; ; to follow a log AR(1) process, i.e.

) . Py

where sgjt is the credit policy shock and 5% ~ N (O,ai). To illustrate the transmission of

credit policy, I will first consider a credit policy shock in the form of an exogenous increase
in 5%. Subsequently, I investigate the effects of an increase in 1);; in response to an adverse

shock to firm financing conditions.

2.4 Standard model components

This section describes the remaining model components, namely capital producers, retailers
and households as well as the conduct of conventional monetary policy. The formulation of

these elements of the model largely follows Bernanke et al. (1999).

Capital producers: Capital producers combine aggregate installed capital with the amount
of final goods allocated to investment to produce new aggregate capital according to the fol-

lowing production function

1,
Ktn—i-l = <K1Et> K,

where K}, is the amount of newly produced capital and ®'(.) >0, ®”(.) < 0,®(0) = 0.1

The newly produced capital is sold to intermediate goods producers at the market price

Q¢. The first order condition of profit maximisation with respect to investment then yields

o)

As the effectiveness in converting investment into new capital is decreasing in [y, higher

1-n
UTn particular, I assume @ (1%) = ﬁ (%)77 (I%) — % (%) such that in steady state, & =4,

d (%) =4§ and @’ (%) =1 as in the calibration of Bernanke et al. (1999)
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investment implies a higher marginal adjustment cost of capital and a higher capital price.

The stock of aggregate capital evolves as
Iy
Kpp = ® () K+ (1— 6K,
Ky

that is, end of period capital is the sum of new capital produced from investment activity

and non-depreciated capital from the beginning of the period.

Retailers: The introduction of a separate retail sector separates the elements required to
introduce a role for conventional monetary policy, i.e., monopolistic competition and rigid
prices, from the investment decision.

There is a continuum of retail firms, each transforming (aggregate) intermediate goods
into differentiated retail goods using a one to one technology. The aggregate quantity of the

final retail good is given by the following composite of these individual retail goods

Y

X e/(e-1)
Y;/f — [/O Y;g(z)(El)/edZ]

where Y;(z) is the output sold by retailer z. The corresponding price index is

P = Vol Pi(2)"¢d>

where P;(z) is the nominal price of a unit of retail output charged by retailer z.
Final goods are then allocated to the sectors of the economy according to the following

resource constraint
f e k “u k
Y/ = C’t—i-scCCe’t—i-squ;’t—i-It—kscu/O wdF(w)Rctht_lKgﬁ—suu/o wdF(w) Ry ;Qt—1Ku 1,

where Cy is household consumption, s.C¢;+ s,Cy ; entrepreneurial consumption and the
last two terms represent monitoring expenses caused by firm defaults in the two subsectors.
As in Bernanke et al. (1999), staggered price setting as in Calvo (1983) yields a standard

New-Keynesian Phillips curve relating output to inflation.

Households: The household sector consists of a continuum of identical households. Each
household derives utility from consumption of the final retail good and leisure. They receive
labour and dividend income to finance consumption and save in real riskless deposits with
intermediaries and debt securities issued by the central bank. The household problem is
given by

E 3 Hin(Cy) +€ln(1— H,
(CoHr D, ttgomn( )+ dinll = ) (8)

st. Cy= Wth+@;+9g+RtDt—Dt+1 Vt,
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where O are dividends from retail firms and ©f are profits from financial intermediation.!?

Dy is the sum of deposits with financial intermediaries and central bank debt securities.!

The first order conditions yield conventional Euler and labour supply equations

1 1
— —EIBR
c, t{ﬂ 41 Ct+1}
1 3
Wta A

Monetary Policy: As in Bernanke et al. (1999), the central bank sets the gross nominal

risk-free interest rate R}' according to the following policy rule

m ¢
Rp (R )\ (T
R = < R I exp(e;”),

where I1; denotes gross inflation and £/ the monetary policy shock with e* ~ N(0,02,).

3 Model Analysis

3.1 Calibration

The calibration for the standard parts of my model, i.e., households, capital producers and
retailers as well as the parameters governing firms’ production technology are directly taken
from Bernanke et al. (1999).

Parameters associated with the costly enforcement friction in intermediation are chosen
in accordance with Gertler and Karadi (2011). The elasticity of substitution between the
intermediate goods of the two subsectors, py is set to 0.9 as in Kurtzman and Zeke (2020).

The severity of the CSV friction for firms in the two subsectors is governed by the
monitoring cost i, the standard deviation of the idiosyncratic return to capital shock w’, and
the survival rates, 7. and ~,. These determine steady state values of default probabilities,
leverage ratios and default risk premia in the two subsectors. In my calibration of these
parameters, | target two key statistics from Bernanke et al. (1999), namely an average
leverage ratio of two and the annualised fraction of defaulting intermediate goods firms of
three per cent.

To induce these values for leverage and the default rate under identical subsectors, I

set the parameters relating to the CSV friction as follows: The standard deviation of the

12Note that ©Y includes profits from private and central bank intermediation alike. Essentially , the
consolidated government’s only role is that of an additional intermediary which rebates any profits directly
to the household. To the household, it makes no difference, whether it receives profits from private interme-
diaries or the central bank which is why intermediation profits enter the households budget constraint via a
single term.

13Tn Bernanke et al. (1999), monetary balances also enter household utility. These are included to allow for
seigniorage profits of the government and thereby government spending shocks. I abstract from government
purchases and therefore also from a utility role of monetary balances.
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idiosyncratic return to capital shock w’ is set to o = 0.06 and the auditing cost to p = 0.45,
close to the value in Ottonello and Winberry (2020). The survival rates in the two subsectors
are set to 7. =7, = 0.981. In a setting where the intermediate goods firms are identical, the
production sector of my model economy resembles the one in Bernanke et al. (1999). My
model then corresponds to a combination of the representative firm economies of Gertler
and Karadi (2011) and Bernanke et al. (1999) due to perfect aggregation across all firms.

For my heterogeneous subsector setting, I adjust parameters such that one subsector is
unconstrained while the mean economy-wide leverage ratio remains at around two.!> I set
the share of firms in the constrained subsector, s. to 0.5 which is close to the steady state
share of constrained firms in Ottonello and Winberry (2020). The survival rates in the two
subsectors are set to 7, = 0.973 and v, = 0.986. These values imply that constrained firms
are on average approximately half as old as unconstrained firms.

Moreover, I set the steady state value of ¥y to 0.05, which implies a moderate amount
of central bank intermediation in steady state. A complete overview of all parameter values

is provided in appendix B.1.

3.2 Credit policy transmission

This subsection considers the transmission of an expansionary credit policy shock, i.e., an
exogenous increase in the share of credit intermediated by the central bank, v;;. I analyse
a relatively persistent credit policy shock and set p,, = 0.8. Crucially, I also assume for now
that credit policy takes the form of “across the board” intermediation, i.e., 52& = 6% at all
times. This means that the central bank intermediates the same fraction of each subsector’s
debt. Later on, I will relax this assumption to assess the effects of different credit policy

implementation regimes.

3.2.1 Transmission under identical subsectors

To illustrate how a credit policy shock transmits through the economy, I first present the
impulse responses in a setting where both firms are identical.

The magnitude of the credit policy intervention is set to just below 1.3 percentage points
to induce an impact aggregate investment response identical to the one implied by a 25 basis
point monetary policy shock as considered in Bernanke et al. (1999).16 Figure 4 shows the

corresponding impulse responses of key model variables.!”

14The setup is thus similar to Rannenberg (2016) and qualitatively mimics the impulse responses to
monetary policy and technology shocks therein.

I5My objective is to construct a heterogeneous intermediate goods firm economy which is subject to the
same mean level of “constrainedness” as in the identical subsector setting. In my setting, the degree to which
firms are affected by the costly state verification friction is governed by their leverage. Alternatively, I could
target the mean level of the survival rates or capital and output.

16The dynamic responses to a monetary policy shock in the identical subsector economy are presented in
appendix B.2 and largely resemble those in Bernanke et al. (1999).

TImpulse response functions of other model aggregates are presented in appendix B.3
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Figure 4: Dynamic consequences of a credit policy shock when firms are identical. Ebp = Excess
bond premium, RoK = Return on Capital, Drp = Default risk premium, Efp = External finance
premium, Int. = Intermediary.

The increase in central bank intermediation lowers the excess bond premium and thereby
raises investment. This increases the price of capital, the ex-post realised return on capital
and firm net worth. This increase in net worth further relaxes financing constraints of firms
which has an amplifying effect on the demand for and the price of capital. This is the
well-known financial accelerator mechanism. Ultimately, the credit policy shock leads to a
reduction in leverage and the default risk premium.'® The external finance premium falls
while the amount of capital increases persistently. The lower return on capital leads to a
gradual decrease in net worth and an increase in leverage.

The policy also affects the intermediary. Initially, the intermediary leverage multiple ¢,
falls as a part of the credit is intermediated by the central bank. However, the fall in the
excess bond premium, interpretable as the intermediary profit margin, reduces intermediary
net worth. Combined with the gradual increase in lending as the credit policy shock subsides,
this leads to an increase in the intermediary leverage ratio from the second period onwards.

Overall, these effects are similar to the effects of government bond purchases in Kiihl (2018).

3.2.2 Transmission under heterogeneous subsectors

I now consider the effects of the same 1.3 percentage point credit policy shock as in the

previous subsection in a setting with heterogeneous subsectors. The corresponding impulse

18The reduction in default risk premia in response to large scale asset purchases has been empirically
documented by Gilchrist and Zakrajsek (2013).
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responses are depicted in figure 5.

While the overall transmission mechanism is similar, there are two important differences
in the response of investment and capital compared to the setting with identical subsectors.
First, the response of aggregate investment is much lower at less than one half of the re-
sponse under identical subsectors. Second, there is a persistent reallocation of capital from
unconstrained to constrained firms. While constrained subsector capital increases, capital

by the unconstrained firms is persistently lower.
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Figure 5: Dynamic consequences of a credit policy shock when firms are heterogeneous. Ebp =
Excess bond premium, RoK = Return on Capital, Drp = Default risk premium, Efp = External
finance premium, Int. = Intermediary.

To understand the mechanisms giving rise to these results, it is instructive to decom-
pose the responses of the “across the board” credit policy intervention considered above
into the parts induced by central bank intermediation 