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Abstract

This paper examines the effect of monetary policy on the extensive margin of
the production sector when the borrowing cost of the firm differs by its produc-
tivity. Consistent with the literature and the empirical findings, (i) monetary
policy stimulates the entry of the firms not only through the trade-off between
increased demand and increased cost, but also directly through reducing the
borrowing cost. However, in the current calibration of the model, (ii) monetary
policy might offset the initial increase in output through the demand channel
by directly attracting less efficient firms. In contrast, a model without size
dependent interest rate exhibits a pronounced output response and moderate
inflation sensitivity, lacking the economic stabilization conferred by differenti-
ated borrowing costs. Moreover, a model without size dependent interest rate
and firm entry/exit mechanisms displays amplified output and inflation re-
sponses, indicative of a standard New Keynesian approach that abstracts from
firm dynamics. Inclusion of size dependent borrowing costs and dynamic firm
behavior in our model dampens these responses, suggesting a stabilizing effect
on the economy and highlighting the transitory nature of policy impacts, which
are absent in the standard framework.

Keywords: firm exit, firm entry, monetary policy, variable interest rate, interest
rate gap
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“The Federal Reserve System helps foster growth in local and regional
communities by connecting small businesses --- These connections am-
plify our understanding of challenges that small businesses and startups
can face, and underscore that creditworthy small businesses and startups
need adequate and affordable access to credit in order to form, grow, and

succeed.”

- Randal K. Quarles, Former Federal Reserve Board Vice Chair for Supervision

1 Introduction

The transmission of monetary policy is a vital topic for central banks and macroe-
conomic theory. The New Keynesian model has been instrumental in understanding
how interest rate policies affect the broader economy, especially through price and
wage stickiness. Building upon the foundational understanding of monetary policy
transmission within the New Keynesian framework, this discussion further explores
different mechanisms through which central banks influence economic cycles. The
New Keynesian model, with its emphasis on price and wage stickiness, provides a
crucial backdrop for investigating the countercyclicality of price markups and its role
in mediating aggregate demand shocks. This theoretical basis sets the stage for a
deeper examination of firm dynamics, particularly entry and exit decisions, as critical
components in the transmission of monetary policy.

The literature points to the importance of firms’ entry decisions in understand-
ing the transmission of monetary policy over the business cycle. Predominantly, the
literature has centered on the firm’s entry decision in response to a monetary pol-
icy Beaudry et al. (2011); Bilbiie et al. (2012); Lewis and Poilly (2012), with seminal
works focusing on the default (exit) decision as well Hartwig and Lieberknecht (2020),
looking at the both side of the margin. However, the possibility of qualitatively dis-
tinct financing options for small businesses Guo (2020) has not been fully explored. *
propose a model where business cycle fluctuations are primarily driven by inefficient
investment movements around a stochastic trend, akin to economic booms and busts
following gold rushes. This approach emphasizes the role of expectations and market
opportunities in driving economic expansions. In contrast, our paper focuses on the

transmission mechanisms of monetary policy through the lens of borrowing costs and

Ishows the different channel of financing by size. Small firms mainly rely on the equity financing,
while large firms are not constrained by the financing options.Appendix A



firm productivity. While Beaudry et al. (2011) highlight the importance of market ex-
pectations and investment dynamics in shaping business cycles, our study contributes
to the understanding of how monetary policy differentially influences firms based on
their productivity levels.

While Beaudry et al. (2011) explore the macroeconomic effects of investment dy-
namics and market expectations, our study focuses on the borrowing costs and pro-
ductivity, as highlighted by Bilbiie et al. (2012). They emphasize on how expansions
induce higher entry rates due to sunk investment costs, and the sluggish response of
the number of producers acts as an endogenous propagation mechanism for business
cycle models. We complement and extend this analysis by specifically considering
the differential impact of monetary policy on firms based on their productivity lev-
els, thereby offering a more detailed examination of the transmission channels of
monetary policy. This focus on borrowing costs and firm productivity in response
to monetary policy provides a novel understanding of economic cycles, particularly
enhancing the discussion on how policy influences firm dynamics beyond the scope
of Bilbiie et al. (2012), which focuses on product creation and destruction as major
drivers of aggregate output changes.

Building upon the insights from Bilbiie et al. (2012) on firm entry driven by
monetary expansions, Lewis and Poilly (2012) examine the dynamics of firm entry
and its implications for monetary policy transmission within a general equilibrium
framework. They highlight the importance of understanding the entry decisions of
firms to fully appreciate the effects of monetary policy on the economy. Our study
expands on this by focusing on how differences in borrowing costs, influenced by firm
productivity, are crucial in shaping the entry and exit dynamics across the economic
landscape. Incorporating this aspect with an emphasis on the extensive margin of
the production sector, our research provides a thorough analysis of how monetary
policy affects firm behavior, significantly enriching examination of firm entry and the
broader economic implications of monetary policy.

Further, the examination of firm heterogeneity in productivity and its implica-
tions for borrowing costs, as suggested by Guo (2020), introduces a critical layer of
complexity to the analysis, where the author discusses the qualitative differences in
financing options available to small businesses. Our study examines how these vari-
ations in borrowing costs among firms with different productivity levels may affect
their decisions to enter or exit the market. This enhanced perspective on the influ-

ence of monetary policy through the framework of firm dynamics contributes to the



existing body of research by offering a comprehensive examination of the economic
environment influenced by central bank policies.

In line with the above discussion, Hartwig and Lieberknecht (2020) present a
model where an expansionary monetary policy shock yields a one percent increase
in output while inflation modestly ascends by 0.06 percentage points. Such findings,
though aligning with optimistic monetary policy efficacy narratives, diverge from em-
pirical expectations by underrepresenting the complex interplay between monetary
policy and firm-level responses. In contrast, our model, through the incorporation
of size-dependent nominal interest rates, offers a recalibration closer to empirical
evidence and established economic theories. By embedding size dependent borrow-
ing costs, our analysis not only addresses the limitations observed in Hartwig and
Lieberknecht (2020)’s outcomes but also enriches the analysis on monetary policy’s
distributive effects across firms of different productivity levels. In extending the dis-
cussion with empirical and theoretical insights on firm exit and entry dynamics, our
analysis highlights the importance of considering both sides of the margin in un-
derstanding monetary policy’s full spectrum of effects. The integration of firm-level
heterogeneity and differential borrowing costs into our model not only complements
the seminal works in the field but also advances the dialogue by highlighting the
intricate mechanisms through which monetary policy influences the economic cycle.

This paper builds upon the existing body of research, offering a novel perspective
on the transmission of monetary policy, by incorporating a detailed examination of
firm entry and exit dynamics, borrowing costs, and productivity. We enhance the
existing body of research by studying the effect of monetary policy on the extensive
margin of the production sector, when the borrowing cost of the firm differs by its
productivity. Our approach involves developing a model that encapsulates both firm
entry and exit (Hopenhayn, 1992) within a general equilibrium framework, as de-
scribed by Lewis and Poilly (2012), and incorporates the type of credit constraints
articulated by Jermann and Quadrini (2012). The model is otherwise standard New
Keynesian model with representative household and monetary authority. Within this
model, we identify three inter-related monetary policy transmission channels: demand
channel, the secondary increase in costs, and the borrowing cost channel.

Therefore, the main contribution of our study to the literature is twofold. Initially,
our findings indicate that monetary policy stimulates firms’ entry not only through
the trade-o! between equity and bond purchases, but also directly through reducing

the borrowing cost. However, the current calibration suggests that monetary policy
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Figure 1. Entry and exit rate in the United States, 1978 to 2014. The shaded area
represents the NBER business cycles.

might olset the initial increase in output, through the demand channel, by directly
attracting less efficient firms.

Figure 1 and Figure 2 illustrate the patterns of firm entry and exit as observed in
the data. Using the entry and exit data from Business Dynamics Statistics database,
we estimated local projection based on the extended Romer and Romer narrative
monetary policy shocks, initially proposed by Romer and Romer (2004) and further
extended by Miranda-Agrippino and Ricco (2021).2

The findings present a novel scenario. An initial assessment of the data in Figure 1
suggests that monetary policy likely exerts an expansionary impact on firm entry. Yet,
this observation becomes less definitive upon employing local projection techniques
(Figure 2); the influence of monetary policy on business dynamics is not as clear-
cut. While the entry rate responds notably to monetary policy shocks, the exit rate’s

reaction is comparatively muted, and interestingly, appears to decline over a three-

2More precisely, we estimated the following model:

Yerh — Yp = 0 + APLS + €qn,

where h = {0, 1, ..., 16}, y is a outcome variable (entry and exit), and A#; is an instrumented change
in the interest rate.
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Figure 2. Impulse response of business dynamism with respect to extended Romer
and Romer monetary policy shock using local projection.

year horizon. This pattern prompts further inquiry into whether and how monetary
policy shapes the landscape of firm entry and exit. Therefore, in this paper, we
examine whether monetary policy affects firms’ entry and exit, and if so, through
which channel it is more effective.

The remainder of the paper is organized as follows: Section 2 describes the model,
highlighting its structure and the dynamics it captures. Section 3 presents the re-
sults, analyzing the effects of monetary policy shocks within the model’s framework.
Concluding remarks and discussions of the findings’ implications for monetary policy

and economic theory are provided in Section 4.

2 Model

We construct a dynamic stochastic general equilibrium model with endogenous entry
and exit similar to Lewis and Poilly (2012) and Bilbiie et al. (2012). Our model
extends the prior literature by incorporating idiosyncratic productivity heterogeneity,
similar to Hartwig and Lieberknecht (2020) and introduces a productivity-dependent
interest rate.

Within the model, entry is determined in the flavor of Hopenhayn (1992), where

firms compare potential profits against the fixed costs associated with entry. Simi-



larly, firms opt to exit when their anticipated profits turn negative. The demand-side
structure of the economy adheres to the textbook-standard New Keynesian frame-

work.

2.1 Final Goods Retailer

There is a final goods retailing firm that bundles intermediate goods and sells con-

sumption goods to the households. Bundling technology is given by CES production

}/t = (/ yt(z>6dz>
ZEZ

, where 6§ > 1. The optimization problem retailer faces is to maximize profit by

function:

choosing the inputs y,(7):

max Pth—/ pe(2)y(2)dz
2€Z

{ye(i)}zez
Retailer’s profit maximization implies the following demand schedule for interme-

diate varieties:

yi(2)" = (%Z)) X Y, (1)

Plugging Equation (1) into the CES production yields the aggregate price index:

= ([ mera)” @)

2.2 Intermediate Goods Wholesaler

The economy is populated with a continuum of wholesale firms on the interval [z,,, 00),
indexed by z € Z. Each wholesale firm produces differentiated intermediate good
y+(2) using labor [;(2) as input. Each firm is endowed with the aggregate productivity
Ay and firm-specific technology z. Notice that z is without a time subscript, implying
that z remains unchanged along the wholesaler’s lifetime. * The production function

is linear in labor and is given as follows:

yi(2) = Aszli(2) (3)

3More description of the idiosyncratic productivity z is given at the Entry and Exit section.




The log of aggregate productivity A; follows AR(1):

InA; =palnA; 1+ ef‘ (4)

To solve for the optimal price setting and labor demand, let us divide the problem
into two parts: cost minimization of choosing optimal input and profit maximization

through optimized input.

2.2.1 Labor Demand

First, we solve the intermediate firm’s cost minimization problem. Wholesale firms
choose the optimal amount of labor to minimize the cost. To finance the cost of pro-
duction, wholesalers need to raise funds with a loan b, (2). At the end of the period,
by (z) is repaid with the gross interest rate R;(z). Firm’s productivity bounds the
ability to borrow. This variable interest rate is set up in the spirit of the working
capital limited enforcement constraint as in Jermann and Quadrini (2012). The key
difference between Jermann and Quadrini (2012) and the model introduced, however,
is that the variable interest rate is directly a function of productivity z, rather than
an enforcement constraint that can be recovered when default. The observed dif-
ferences can be partly attributed to the model’s simplification, which omits capital
to maintain computational tractability. Additionally, the presence of positive profits
among intermediate goods firms stems from the inherent characteristics of monopo-
listic competition.

Specifically, the intermediate firm must borrow funds to cover the fixed opera-
tional cost f of effective labor at the gross interest rate R; (z), which varies with the
firm’s idiosyncratic productivity z. Therefore, wholesalers cost minimization problem
involves minimizing the real total cost by selecting the labor input l;(z2):

S

e () — i (o L
min ce(2) gl(lzr)lpt(Z)yt(Z) wily(z) Ath(Z)

, subject to the production technology (3). Cost minimization then implies that:

Wy

mey(z) = - (5)

, conditional on Equation (3) and the idiosyncratic productivity z. Notice that the
primary effect of entry and exit is pronounced through the marginal cost, thus showing

heterogeneity in the responses of each firm.



2.2.2 Optimal Pricing

Given the optimal input decision, the firms maximize profit by choosing the optimal

price subject to the relative demand (1). The real profit of the firm is given by:

= pt(z)yt(z) —tey(2) — pacy(z2) (6)

, where unit marginal cost mc; is given by (5) and price adjustment cost is given

according to Rotemberg (1982):

pwf:g(ﬁﬁl—1>ﬁﬁ%4@

Di—1(z) P,

Solving the dynamic optimal pricing problem will yield:

pi(2) = Mi(z)mey(2) (7)
, where the markup M;(z) is as follows:

0
Mile) = o o (8)
(0 —1)(1 - pac) + 7 ( pac _ EtAt—WCtH)

Ipt Opt

, where A, is a household’s stochastic discount factor. Similar to the marginal cost,
markup M,(z) is a function of the idiosyncratic productivity z. Further notice that
without the presence of a price stickiness 7, Equation (8) can be reduced to:

My(z) = 9;:
, which is identical to the markup in the canonical RBC model. By solving the
optimal pricing problem, we can have a mapping from the idiosyncratic productivity
z to the real profit II, characterized by equations (5), (6), (7), and (8). The results

are summarized in the following proposition.

Proposition 1. Assuming Ri(z) is decreasing in z, the mapping m(z) : 2 — R is

MNCreasing in z.

Proof. Notice that combining equations (5), (6), (7), and (8) yields the following

expression for the real profit:

m@:M”u—Mpﬂ—mqm%@——m@



Since real price pi(z) and relative demand y;(z) is an increasing function of z

and inverse of a markup M;(z)!

and price adjustment cost pac,(z) is a decreasing
function of z, the first term in the right hand side is a increasing in z. Hence, if R;(z)

is decreasing in z, m(z) is increasing in z. O

2.2.3 Firm Entry

Starting each period, entering wholesale firm draws idiosyncratic productivity z from

the known Pareto distribution z.

Gz)=1- () (9)
z

Notice that z is public information, and therefore every agent in the economy
observes z and infers m;(z), with the help of the mapping Equation (6). The rest
of modeling largely follows Lewis and Poilly (2012) and Hartwig and Lieberknecht

(2020) in the Hopenhayn (1992) fashion.
Upon observing z, each potential entrant firm finances their sunk cost of entry, fg,
measured in units of effective labor, from households. Subsequently, only a fraction,
denoted as, Sy, of these entering firms become operational. Entry success probability

is given as follows:

N,
Snt(Npt, Npi—1) =1 — Fn (—N i ) (10)
Ei-1

, where Fiy(-) denotes a failure rate (hazard rate). Following Lewis and Poilly (2012),

F,, has a adjustment cost structure:

Fv(a) = g1 (exp (nlo — 1) + 2 exp (~gulo — 1) - 2)

, with the steady-state property Fy(1) = Fy(1) = 0. For adjustment cost parameter
F'"(1) = q193(q1 + g2) = ¥, we restrict ¥ to be greater than 0. Following property

holds from the assumption:

OSn: o 1
ONE, Ngi1
*Sny , Negy
ONE,, N
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, with the steady-state property 8§Z'i

0

= 0. Notice that Sy.(-) is a
SS
decreasing function of the current entry and increasing function of entry last periods.

Hence, as the hazard rate is modeled, incumbents’ failure can be interpreted similar

to the investment adjustment cost.*

2.2.4 Firm Exit

Firm exit follows the framework established by Jermann and Quadrini (2012) and
Hartwig and Lieberknecht (2020). First, every period, fixed proportion of firms face

an exogenous exit shock 0. Thus, the law of motion for the total number of firms is:

Ny = (1—=0) (N1 + Snt(Net, Ngg—1)NEs-1) -

After the shock, incumbent firms decides to exit the market or not by observing

their profit. If profit of a firm foreseen to be positive, the firm stays in the market:

m(2) >0

From the Proposition 1, we know that for a reasonable value of z,,;,, there exists

a threshold value z such that the exit condition holds with the equality:

(%) =0 (11)

Equation (11) implicitly defines the value for the cutoff productivity z, and thus
endogenously determine the exit. Only the firms with idiosyncratic productivity
Zy > 0 will achieve non-negative profits and therefore remain in the market. Also
notice, that while z is time-invariant, z; is time-varying. The number of surviving

firms is given by the exit combined with the Pareto distribution:
Ny =(1-G(2)N,

2.2.5 Timing of a Intermediate Firms

The timing of firms’ decisions is summarized in Figure 3. Starting of a period, po-
tential entrants draw idiosyncratic productivity z from a Pareto distribution G(z).

Aggregate productivity A; is also drawn and known to the firms. After learning z,

4The modeling technique allows firm’s entry and exit to gradually adjust for the shock. See
Appendix of Lewis and Poilly (2012) for further discussion.
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potential entrants decide whether to enter or not. Notice, that z is a public infor-
mation. Entry decision is subject to their financing ability, which is determined by
productivity and the entry (fixed) sunk cost fg. After they enter into the market, all
firms decide whether to exit or not. First, the firms will face an exogenous exit shock,
and then they will see the mapping m,;(z) to determine whether to exit the market or

not.

Entry Default

Draws z Production

Decision Decision

Figure 3. Timing of a intermediate firm’s decision.

In optimum, only the firms with non-negative profit will operate, and the threshold
productivity is implicitly determined by Equation (11). Once the firm decides whether
to exit or to stay, they start the production. In each period, firms need to finance
their fixed cost f using intraperiod loan. Financing of a fixed operation cost f is

subject to their ability to borrow, represented by the individual interest rate Ry(z).

2.3 Household

The household’s problem is standard. Infinitely-lived representative household max-

imizes its expected lifetime utility:

ooty
max Eg Bl InC, —x —
t=0 L+

, where C; is consumption, L; is a labor supply, 7 is a Frisch elasticity, subject to the

budget constraint:
Cy + ey (Ny + Hy) + By = wi Ly + 2 Nyvy + 1Sy E (di(2)) + Rio1 By

, where x; is an equity holding, B; is a bond holding, v, is a value of a share. Notice,
that in the model there are two types of financial instruments, bonds and equity.
Bonds’ price is determined at R;, and the equity price is determined by the the firm’s
value, v;. Acquisition of both instruments are assumed to be competitive. The first-

order conditions associated to the household’s maximization problem are as follows:

11



Ay = B(1 - OE, ( Gi > (12)

Cia
1
L= M—E(R) (13)
1 S
L= AE (yt + leEz(dt(z)O (14)
N

t o 1
) (15)

2.4 Monetary Policy

The central bank conducts monetary policy according to Taylor Rule:

R, Ry
In—— = In
Rgs or Rgss

s Y,
+ (1 — ¢r) (qbﬁln?t—i-qbylnﬁ) +eM

2.5 Aggregation
2.5.1 Pareto Distribution and the Variable Interest Rate

We assumed that the individual productivity z is drawn from the Pareto distribution

G(z). The conditional probability distribution of a surviving firm is:

_ dG(z)
> = —
G(z|z > z) 1= G(z)
Then, following from Ghironi and Melitz (2005) and Lewis and Poilly (2012), the

surviving firms’ average productivity Z; is given by:

o0 = o=
3 = (/ 29_1dG(2|Z > Zt)) = Z (—/i _/;_'_ 1) (17)

According to Proposition 1, R;(z) decreases in z. For simplicity, we modeled R;(z)

(16)

such that in aggregate, R, = Ry:

R, =E.[R(2)|z> % =R, (18)

One possible simple specification is to model R;(z) in a linear form:

Ry(z) =R, +C (37" —2) (19)

12



, where C' is a constant. Thus, from the specification it follows:

Proposition 2. Assuming Ri(z) has a form of Equation (19). Then, E.[Ri(z)|z >
2] - Rt'

Proof.
E.[Ri(2)|z > Z] = /OO Ri(2)dG(z|z > z) = /OO (R +C (20 — 1 —2))dG(z|z > z)

— R +C (,591 - / 2dG(z|z > zt)) =R, +C (27 =2

:Rt

2.5.2 Start-up Financing

Notice that household’s utility value of Ng, in equilibrium can be given as follows:

oS C 0S8
vy (SN,t + N Nt) + PE, ( - NN ) (20)

Vi1 3 Et+1
a]VE‘JE Ct—l—l aNEﬂg

Note that the first term of Equation (20) represents the immediate success rate, while
the second and third terms refer to the marginally decreased success rate today due
to entry and the marginally increased success rate due to entry in the next period,
respectively. Therefore, household’s overall marginal benefit, in terms of consumption
good from investing in the start up firm, is determined by Equation (20). Equating

the marginal cost and benefit of investment give us the following free entry condition:

2
w_fE L wfE —, (SNt+ OSn Nt) + BE, ( C 0°Sn+ ) (21)

— Vvl 5 NE 11
ez Az Az Cii1 ONg,

Finally, we define the competitive equilibrium in the model.

Definition 1. The competitive equilibrium consists of a sequence of quantities {Y;, Ct,
L., S,, H,, Ny, d,, fis, dy, iz} and prices {wy, Ry, vy, Py, wy, Pr, Py} and exogenous variables
{Ay, R;} that is characterized by the following:

1. Households maximize their utility subject to the budget constraint:

13



. Fach firm maximizes its profit subject to cost minimizing input conditional on
variable interest rate and entry and exit decision: pricing, markup, marginal

cost 1s individually satisfied.

. Goods market clears:

Y, = Cy + Snypac, + vNgy = de Ny + we Ly

. Labor market clears:

O /(0w —1)
L, = ( / lt(z)(aw_l)/ewdz)
zZ

. financial market clears.

14



3 Results

3.1 Calibration

Parameters Value Interpretation and Source

0 3.8 Elasticity of substitution (Ghironi and Melitz, 2005)

Ow 21 Elasticity of substitution of Labor Hartwig and Lieberknecht (2020)
fE 1 Fixed cost of entry (Ghironi and Melitz, 2005)

B 0.99  Time discount (Ghironi and Melitz, 2005)

K 3.4 Pareto distribution parameter (Ghironi and Melitz, 2005)

Zm 1 Minimum level of technology (normalized)

n 2 Frisch elasticity (Lewis and Poilly, 2012)

X 12.5 Calibrated to match the steady state

f 0.03 Calibrated to match the steady state

Exit rate 12.06  Business Dynamics Statistics (1978-2014)

Entry rate  10.73  Business Dynamics Statistics (1978-2014)

T 7 Price Stickiness (Bilbiie et al., 2012)

DR 0.8 Taylor Rule Parameter (Del Negro et al., 2015)
o 1.5 Taylor Rule Parameter (Del Negro et al., 2015)
by 0.125 Taylor Rule Parameter (Del Negro et al., 2015)

Table 1. Parameters used to calibration.

Table 1 describes the parameters used in the calibration of the model. Entry rate
and exit rate are matched to the Business Dynamics Statistics data in the steady-
state. Two parameters y and f are calculated from the steady-state to match the

market clearing condition. °

3.2 Benchmark Model

The analysis of the monetary policy transmission mechanism within the context of

firm entry and exit provides compelling insights into the interplay between policy

5Calculation of steady-state is presented in the Appendix B.
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interventions and market dynamics. The model’s response to an expansionary mone-
tary policy shock, as depicted in Figure 4, illustrates a complex pattern in responses
across various macroeconomic variables, suggesting that the dynamics of average pro-

ductivity are instrumental in understanding these responses.

Policy Rate Output Inflation
0 0.1 0.6
0.4
0.2
-1 0
0 10 20 30 40 0 10 20 30 40
0.4 Active Firms 0.2 Firm Entry Rate Firm Exit Rate
0.3r
0.2r
01r
0 -0. -
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
01 Average Profit 9 Average Markup 1 Average Productivity
1.5
1
0.5
0 -3
0 10 20 30 40 0 10 20 30 40

Figure 4. Impulse responses of the macroeconomic variables under expansionary
monetary policy.

Number of active firms initially increase, indicating a surge in market participa-
tion as borrowing costs diminish. This increase is, however, not persistent and is
followed by a decline, which may reflect market capacity constraints or the dimin-
ishing stimulatory effects of the policy. The firm entry rate shows a significant peak
before declining, indicating the temporary impact of the policy. Interestingly, the
firm exit rate inversely mirrors the entry rate’s trajectory, suggesting that the policy
may have temporarily deterred exits, only for them to resume as the policy’s effects
wane.

In terms of profitability, the initial decline in average profit following the policy
shock suggests that while entry barriers may be lowered, the consequent competition
or cost pressures could erode profit margins. This is followed by a recovery, likely
as a result of market adjustments and firm exits, which restore equilibrium. The

average markup follows a similar pattern, initially spiking as firms possibly capitalize

16



on increased demand before falling back, likely due to competitive pricing strategies
or market saturation.

Average productivity exhibits the most notable response, with a sharp decline in-
dicating that the entry of less productive firms may diminish the overall productivity.
This is significant, as it indicates that while policy can stimulate economic activity,
it may also allow the survival or entry of less efficient firms, potentially leading to
inefficient resource allocation.

The model’s findings highlight the dual effect of the policy rate on aggregate de-
mand, through increased consumption, and on aggregate supply, by impacting firm
costs and productivity thresholds. The cost channel seems to lower the cutoff produc-
tivity by reducing fixed operation costs, affecting the market’s entry and exit dynamics
and average productivity. This provides an essential insight for policymakers aiming

to encourage a competitive yet stable economic environment.

z
(2= P (1 My () pae2) w(z) — LR ()
Pt At
z z
= 2 - M) ) - R
by I Ay

N—— S ~ / —

(1) Increased Demand (3) Increased Cost (2) Decreased

Borrowing Cost

As we explore further the supply side of the transmission mechanism, the bor-
rowing cost emerges as a crucial factor. The model suggests that lower borrowing
costs, stemming from a decreased policy rate, directly impact the threshold produc-
tivity level, affecting firm behavior in terms of output and inflation. The increased
attractiveness of equity investments, following the policy shock, further intensifies
this effect, leading to a surge in firm entries. This phenomenon stresses the intri-
cate relationship between financial markets and real economy responses to monetary
interventions.

Figure 5 and Figure 6 emphasize on the role of adjustment costs, which not only
extend but also amplify the initial decrease in output. The shift from bonds to equities
in the short term, leading to increased firm entries, highlights the adjustment costs’
role in shaping the market’s response and potentially leading to a more dynamic but
volatile firm environment.

Despite data constraints, the empirical analysis (Figure 1 and Figure 2) provide

context for the model’s predictions. The patterns observed in firm entry and exit offer
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Figure 5. Impulse response of the macroeconomic variables under expansionary mon-
etary policy, benchmark model with different values of 7.
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Figure 6. Impulse response of the macroeconomic variables under expansionary mon-
etary policy, benchmark model and the model without price adjustment cost.
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a degree of empirical support and highlight further areas for investigation. While the
impact of monetary policy on firm dynamics is not explicitly clear from the data,
there is an indication of an effect on firm entry rates, consistent with the theoretical
model.

The empirical findings present a complex scenario. An initial examination suggests
a possible expansionary impact on firm entry, but the clarity of this effect is less
certain when employing local projection techniques. While the entry rate appears to
be responsive to monetary policy shocks, the exit rate does not show a significant
response and seems to decline over a three-year period. This divergence in responses
between entry and exit rates raises critical questions about the channels through
which monetary policy operates and highlights the necessity for a novel approach to
policy formulation that encompasses the complex responses of economic agents to a
policy change.

In summary, the model’s analysis, in line with empirical observations, suggests
that monetary policy affects firm entry and exit dynamics in a complex manner.
The interplay between adjustment costs, demand, and supply effects illustrates the
sophisticated nature of policy transmission mechanisms. Future research should fur-
ther clarify these dynamics and explore the implications of policy interventions on

the market structure and productivity.

3.3 Comparative Analysis of Model Impulse Responses Under Different

Assumptions

This section presents a comparative analysis of the impulse responses generated by
the benchmark model under different assumptions in response to an expansionary
monetary policy. The objective is to systematically compare how different modeling
approaches — particularly the introduction of differential borrowing costs through
the lens of size dependent policy rate — affect the behavior of key macroeconomic
indicators following a policy shock. Through this comparison, we aim to identify
critical differences in the predicted outcomes of these models, providing insights into
the underlying mechanisms that drive responses to monetary policy.

This analysis contrasts the model detailed in our study, which incorporates size
dependent interest rates, against a model that omits this feature, as well as against a
more simplified model excluding both firm entry/exit dynamics and size dependent
interest rates.

In the model without size dependent policy rate, the impulse responses to an
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Figure 7. Impulse responses of the macroeconomic variables under expansionary
monetary policy, benchmark model, benchmark model without variable policy rate,
and benchmark model without entry/exit and variable policy rate.

expansionary monetary policy shock mirrors the outcomes observed by Hartwig and
Lieberknecht (2020): output surges by 1.5 percent, and inflation rises by 0.1 percent-
age points. These results, while reflective of an idealized view of monetary policy
effectiveness, departs from empirical benchmarks by not fully capturing the intricate
dynamics between monetary policy and the diverse responses at the firm level. The
alignment of the results with Hartwig and Lieberknecht (2020) under a simplified
framework underscores the significant role that size-dependent interest rates play in
bridging the gap between theoretical models and the empirical realities of monetary
policy’s impact on the economy.

In the model without size dependent policy rate, the impulse responses to an
expansionary monetary policy shock shows that the presence of sticky wages results in
a scenario where firms experience a lag in adjusting wages, thereby achieving enhanced
sales and profitability. This is reflected in the impulse responses presented in Figure 7,
which show a significant increase in profits, thereby elevating firm valuations and
motivating firm entry, thereby indicating a procyclical trend in the number of active
firms. Conversely, average productivity diminishes, attributed to the engagement of
lower-productivity firms in production, a direct consequence of the reduced profit

threshold and increased firm valuation.
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In the model featuring size dependent borrowing costs, the impulse responses to
a similar expansionary monetary policy exhibit a distinctively subtle reaction . This
differentiation primarily arises from the model’s unique premise that the nominal in-
terest rate varies according to each firm’s productivity level. This departure from
traditional models directly affects firms’ borrowing costs, thereby altering the thresh-
olds for firm entry and exit. The reduction in the policy rate induce an increase in
active firms, attributed to the diminished barriers to entry resulting from reduced
borrowing costs. While this initial increase parallels the observations in the model
excluding a size dependent policy rate, the patterns of firm entry and exit in the
present model display more propagated responses to a policy rate change.

Furthermore, the model predicts an initial drop in average productivity, mirroring
trends in the model without size dependent policy rate, but arising from fundamen-
tally different causes. Here, the decline in productivity is precipitated by the entrance
of a wider array of firms, facilitated by the variable interest rates. In contrast to the
model lacking a size dependent policy rate, where productivity changes are linked
solely to wage adjustments, the observed decrease in productivity in this context is
also a direct result of the monetary policy’s effect on the borrowing environment.

In the standard framework (benchmark model without entry/exit and variable
policy rate), the response of output to a monetary policy shock is notably more pro-
nounced, with an impact roughly double that observed in our benchmark model. This
amplified reaction is indicative of the model’s simplified structure, where the homoge-
neous influence of policy does not contend with the complexities of firm heterogeneity.
It is the absence of entry and exit dynamics that leads to this overstatement, failing
to capture the market’s endogenous self-regulatory behavior that naturally tempers
such fluctuations.

Inflation, similarly, responds with a pronounced sensitivity in the standard model,
tripling the response seen in the benchmark. This discrepancy arises from the lack of
a variable interest rate mechanism, which, in our model, introduces a tiered system of
firm financing that dampens the transmission of policy into prices. Without this fea-
ture, the standard model exhibits an inflation response that lacks moderation through
the differential costs of borrowing, which in reality, buffer the economy against such

sharp increases in the price level.
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4 Conclusion

This paper develops a small New Keynesian model incorporating Hopenhayn’s entry
and exit framework to examine the impact of monetary policy on the extensive margin
of the production sector, particularly when firms’ borrowing costs vary according to
their productivity levels. Through three distinct mechanisms — the demand channel,
increased costs, and the borrowing cost channel — monetary policy encourages firm
entry not only by altering the trade-off between equity and bond investments but also
by directly lowering borrowing expenses. Moreover, the model’s current calibration
reveals that the presence of an alternative financial instrument hinders the output’s
expansionary response, an effect that is further magnified by cost channels.

The main limitation of this study is twofold. First, the absence of publicly avail-
able data restricts a comprehensive empirical analysis. Despite the authors’ best
efforts, data on quarterly or monthly firm entry and exit rates were unavailable. Sec-
ond, the model does not explore optimal monetary policy. Instead, it introduces the
potential for an alternative policy that is more favorable to small businesses by re-
ducing interest rate variability among different firms, as suggested in Appendix C.
Preliminary findings indicate that by attenuating the direct demand channel, the
initial decrease in output is mitigated, allowing the economy to support an increase
in firms and employment at lower costs. The application of this policy and welfare

analysis under the proposed framework remains a topic for future research.
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Appendix

A Financing Option by Size
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A1l. Channel of financing by firm size (Guo, 2020)
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B Calculation of the Steady-State

We will solve the model for zero-inflation steady state. Normalizing technology, labor

endowment, and exogenous entry cost, we have:

Ags =1
Lgs =1
Je=1
m=1
¢ =1

(22)
(23)
(24)
(25)
(26)

Household’s bond Euler equation and definition of stochastic discount factor im-

plies that:

BRss = Tgs
Ags = B(1—9)

Firm’s optimization with Equation (25) implies:®

fiss = 71
5 NG
fgs = (1 — Nsé)—sjj — fwssRig

1

~ ~ o1
Pss = flssmcss = Sgg

- wss
mcss — ——
ZS8s
) S,
Yss = =
pssSss
N 0
Hss = m

Tss = (1 — fige)pssss — fwssRag =0
Pss = [Lssmcess
Wss

mess = —
Z88

_ 0

_ - Zss

Yss = Yss (~—)
Zss

50n average and for the threshold firm
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Firm’s entry condition together with the definition of steady state (% = g—gi =

1) implies:
Hss)
Ueo=1—-F | =] =1 39
ss=1-F (32 (39)
U996 =0 (40)
Wyss =0 (41)
wss = vgs(Vss + Uy ssHgs) + frssVessHss = vss (42)

Furthermore, based on the firm’s entry and exit dynamics and given the steady-
state exit rate, (gg, we are able to determine the steady-state threshold level. This
allows us to compute both the number of surviving firms and the total number of

firms at the steady-state, using Equation (39).

258 = (1_2# (43)
255 = <$) o Zss (44)
Ngg = 1T_€5Hss (45)
Sss = (1 = (ss)Nss (46)

From the household’s Euler equation for equity, we can get an expression relating
v, S/N and d in the steady state:

S ~
(1 —Ass)vss = ASS_NSS d (47)
ss

Lastly, market clearing implies:

Ysg = Css + vssHss = wssLss + dssSss (48)
Y& = Cys (49)
Iss = vssHss (50)
Tss = dssSss (51)
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We can further rewrite Equation (48) by substituting in the results and rearranging

as follows:

Css + vssHss = wss + dssSss

Mssdss + stsRssS

= (1 — Hgg)wss «<Plugging in Equation (42)
1 - Nss
Ld RY
MSS Sf + {EUlss 55 S5 = (1 — Hgg)wss <Plugging in Equation (30)
— Hss
$0 + 1 .. d
/LSS—ilf’LUSSRSSSSS = (1 — HSS)’LUSS <:Plugg1ng m ﬁ
I —figg Wss
1
O+1 )
S—+fR ¢Sss =1 — ——Ngs <Plugging in Equation (45)
1 - ﬂss 1=9
-1
O+1 1-8(1-90) 1 .. Sss
Ss
RY Ngg=1— N, <Plugging in ——
1 isl [ Rss B(1—0) OfRl Ss 1_5.'ss gemg Ngs

Arranging the terms to get a closed-form solution for Ngg:" ®
fgh+e711-p1-6 & \
Nt - ( ~ 1 + ) (52)
1—jgg B(1=9) I

"Note that in the third line, gﬁ is calculated as follows. First, note that using from Equation
(31) to Equation (33), Equation (37) and Equation (38), pssyss can be re-written as follows:

N’ o Y -

pss <ZSS> Yss _ Hssmcss <ZSS> Y5 _ < K ) 'Y

pss \Zss/) Sss  Rssmicss \Zss/) Sss K—(0-1) Sss
Plugging the result in Equation (35), while noting the equivalence of Equation (30) and Equation
(34) in the steady state will yield:

pPssyYss =

-1 v ¢
Y,

9 —(1— ~—1 # _58

fwssRgs = (1 - figg) k—(0—1) Sss

SN L LA,
S8 Sss k—(0—1) 852455

Then, using Equation (49), we can rewrite Equation (30):

- Y&,
dss + fwssRis = (1 — figs) SSS
55
_ K 9
k- (60— l)waSRSS
5 9 f—1 _ 9
=dgs = fRYg e 7 wss = OfRggwss

8GSimilarly, the fifth line is derived below. Plugging the expression of dgg in the previous footnote

27



Lastly, the parameters xy and the fixed cost f is numerically calculated in a way

that it satisfies the accounting equation.

into Equation (47) yields:

1=p(1-90) (1 + Jﬁ@ngS>

:555:1—5(1—5) 1
Nss B(1—-6) OfRJg
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C Additional Impulse Responses
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A2. Impulse response of the macroeconomic variables under expansionary monetary policy and the hypothetical small
business friendly policy.
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C.1 Technological Shock
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C.2 Demand Shifting Shock
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C.2.1 Extension: With Wage Adjustment Cost
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A5. Impulse response of the macroeconomic variables under expansionary monetary policy, benchmark model and the model

with wage stickiness.
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C.3 Extension: Without the Variable Interest Rate
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A6. Impulse response of the macroeconomic variables under expansionary monetary policy, benchmark model and the model
without variable interest rate.



	Introduction
	Model
	Final Goods Retailer
	Intermediate Goods Wholesaler
	Labor Demand
	Optimal Pricing
	Firm Entry
	Firm Exit
	Timing of a Intermediate Firms

	Household
	Monetary Policy
	Aggregation
	Pareto Distribution and the Variable Interest Rate
	Start-up Financing


	Results
	Calibration
	Benchmark Model
	Comparative Analysis of Model Impulse Responses Under Different Assumptions

	Conclusion
	Financing Option by Size
	Calculation of the Steady-State
	Additional Impulse Responses
	Technological Shock
	Demand Shifting Shock
	Extension: With Wage Adjustment Cost

	Extension: Without the Variable Interest Rate


