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Abstract

Motivated by a secular increase in the concentration of the U.S. banking indus-
try, I develop a new macroeconomic model with oligopolistic financial intermediaries
and heterogeneous firms. Market power allows banks to price discriminate and charge
firm-specific markups, exerting stronger market power over productive firms that are
more financially constrained. This dampens capital accumulation and amplifies the
effects of macroeconomic shocks. During a crisis, banks exploit the higher number of
financially constrained firms to extract higher markups, inducing a larger decline in
real activity. When a big bank fails, the remaining banks use their increased market

power to restrict credit supply, worsening and prolonging the downturn.
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1 Introduction

The banking industry has become increasingly concentrated over the past two decades, with
the asset market share of the five largest U.S. banks rising from 26% in 1996 to 50% in
2018. Moreover, the Lerner index — a metric of market power in the banking industry —
increased from 0.2 in 1996 to 0.33 in 2014, pointing to a sizable increase in markups.! A large
and influential literature has studied the interactions between financial markets, firm, and
aggregate dynamics but has typically assumed perfectly competitive financial intermediaries;
thus, it does not speak to this trend of increasing banking sector consolidation and markups.?
Moreover, extensive empirical evidence suggests that banks’ market power affects younger
and older firms differently.?

In this paper, I study the role of imperfect competition in the financial intermediation
sector for firm investment and financing dynamics, as well as for the transmission of macroe-
conomic shocks. First, I develop a dynamic general equilibrium model that incorporates an
oligopolistic financial sector (including entry and exit decisions) with heterogeneous firms.
The framework formalizes the notion that banks’ market power has heterogeneous effects
across firms with different characteristics, such as size, age, or productivity. Imperfect com-
petition enables financial intermediaries to charge firm-specific markups that depend on
the idiosyncratic characteristics of the firms to which they lend. In particular, banks exert a
higher degree of market power on firms that are more financially constrained and have a high
marginal productivity of capital. These firms have worse outside options (e.g., a high cost
of non-bank finance); hence, they exhibit a higher and less elastic demand for credit. This
mechanism creates endogenous financial frictions that slow the growth of firms that operate
in more concentrated credit markets. Second, I show that although bank market power per-
sistently dampens capital accumulation, its effects intensify during downturns—when firms’
credit needs are greatest—thereby amplifying the transmission of macroeconomic shocks.
During a crisis, oligopolistic banks exploit the higher number of financially constrained firms
to extract higher markups, inducing a larger misallocation of credits (hence, capital) and
a larger decline in real activity. Notably, since my model features non-atomistic banks, I
can study market structure changes in the intermediation sector (e.g., the failure of a large
intermediary and a new bank entry). When a single big bank fails, surviving banks use their
increased market power to restrict credit supply, which amplifies and prolongs the recession.
The results suggest that banks’ market power should be an important source of concern for
policymakers deciding whether to bail out a large intermediary.

1See the right panel of Figure 1.

2See, for instance, Bernanke and Gertler (1989), Covas and den Haan (2011), Jermann and Quadrini
(2012), Khan and Thomas (2013), and Midrigan and Xu (2014).

3See, for example, Petersen and Rajan (1995), Rajan and Zingales (1998), Cetorelli and Gambera (2001),
Black and Strahan (2002), and Cetorelli and Strahan (2006). Firms reliant on external funding via bank loans,
e.g. small and private firms, can become financially constrained when credit conditions tighten (Holmstrom
and Tirole, 1997; Diamond and Rajan, 2005; and Chodorow-Reich, 2013). See Subsection 5.2.1 for details.



In summary, the paper makes three contributions. First, to the best of my knowledge,
I am the first to develop a macroeconomic model that incorporates oligopolistic banks and
heterogeneous firms that formalizes the idea that banks’ market power has different effects
across firms with different characteristics. The model reveals a mechanism of endogenous
financial frictions through which bank competition can play a role in shaping the speed at
which firms grow, impacting aggregate productivity and output. More precisely, limited
competition enables banks to price discriminate and charge firm-specific markups, exerting
a higher degree of market power on firms with a high marginal productivity of capital that
are more financially constrained. The resulting dispersion of markups induces credit — and
thus capital — misallocation reducing aggregate productivity. Second, I examine how bank
market power shapes the transmission of aggregate shocks and find that a marginally more
restricted credit supply during periods of elevated demand dampens capital accumulation,
thereby amplifying the effects of these shocks. Third, I make a methodological contribution
by extending existing heterogeneous firms algorithms to solve for the stationary equilib-
rium and transitional dynamics in presence of a continuum of non-competitive markets and
strategic interactions by exploiting generalized Euler equations.*

Succinctly, the model works as follows. Firms make optimal capital structure decisions
by balancing equity and debt financing, generating an endogenous dynamic demand for
loans. Banks are large (i.e., non-zero mass) players and firms are a continuum of followers
in a Stackelberg fashion (i.e., each financial intermediary takes firms’ dynamic demand for
loans as given and competes to supply funding to each individual firm). Intermediaries make
strategic decisions by internalizing the effect of their actions on present and future banks,
firms’ decisions, and on the aggregate economy. In such an environment, the bank’s optimal
equilibrium choice of loan supply is determined by solving the aforementioned generalized
Euler equations. Each generalized Euler equation is a standard Euler equation, except that
it contains a firm-specific elasticity that measures the sensitivity of the future interest rate
with respect to the current supply of loans. The model generates firm-specific credit spreads
that accrue to banks, which include default premia and markups.

The analysis proceeds in two main steps. First, I develop a stylized two-period model
that T use to derive analytical insights on the role of oligopolistic intermediaries for firm
dynamics and aggregate outcomes. Second, I build an infinite-horizon version of the model
and discuss the impact of the main economic mechanism in greater details. I use the model to
show that the time-varying cross-sectional effects of financial markups play a significant role
in amplifying the impacts of macroeconomic shocks. I calibrate the model to match several
financial and macroeconomic variables using Federal Deposit Insurance Corporation (FDIC)

data. Compared to a perfectly competitive setting, the calibrated model incorporating both

4Note that the optimal fiscal policy literature uses generalized Euler equations and Markov perfect equi-
libria in macroeconomics (Klein and Rios-Rull, 2003; Klein, Krusell, and Rios-Rull, 2008; and Clymo and
Lanteri, 2020).



bank market power and bank default predicts an amplification of aggregate credit spreads
of 25 basis points at the peak of the Great Recession, resulting in a 0.5 percentage point
decline in output. In the long term, the permanent loss of a major intermediary raises credit
spreads by 15 basis points, leading to a sustained 0.2 percentage point decline in output.

In particular, I use the model to investigate the role that banks’ market power plays in the
transmission of three unexpected aggregate shocks: (i) a decrease to aggregate Total Factor
Productivity (TFP) calibrated to the size of the Great Recession and, per se, not sufficiently
large to induce a bank failure, (ii) a temporary change to the bank market structure (in the
model, the first shock combined with an idiosyncratic shock to the assets of the big banks
calibrated to induce one bank to default with a subsequent new bank entry), and (iii) the
second shock combined with a permanent increase to the fixed entry cost in the credit market
(that induces a permanent change to the bank market structure in the spirit of capturing
the long run trend of consolidation in the banking sector). I find that in each of these cases,
bank market power plays a significant role in shaping — and in particular, amplifying — the
economy’s response to the exogenous shock.

A decrease to aggregate TFP, with an associated increase to the aggregate probability of
firm default, induces a higher proportion of young, more financially constrained firms with
a high marginal productivity of capital. In these conditions, a more concentrated banking
sector can control the supply of credit more tightly by extracting higher markups from these
firms, leading to higher interest rates. This mechanism allows banks to compensate for the
larger losses due to defaults, but it leads to a larger decline in real activity, amplifying the
recession. When this shock is also combined with a lower firm entry rate, then imperfect
competition in the financial intermediation sector leads to a bigger and delayed amplification
effect at the peak that fades away as new firms enter the production sector.”

When one large financial intermediary fails, the change in market structure lowers the
supply of credit to firms, slowing down the economy. The surviving banks extend more
credit to firms in order to capture the market share of the defaulted bank. However, the
speed of this adjustment is dampened by the decreased level of competition. As a result of
both credit constraints and market power, the aggregate volume of credit drops sharply in
the short run. In the long run, I analyze two different scenarios. First, I analyze a scenario
where one bank reenters the credit market as the financial and economic conditions ease.
Second, I analyze a scenario where no bank reenters (in the model, this is obtained through
a permanent increase to the fixed entry cost in the credit market). In the former case, it
takes several quarters for the economic conditions to ease sufficiently so that it is profitable
for one bank to reenter. This persistently depresses investment, TFP, and output. In the
latter case, the resulting increase in banks’ market power further amplifies and prolongs
the recession and, in the long run, the economy stabilizes at a lower level of total credit,
which results in permanent less investment, output, and productivity. The result suggests

SFor instance, during the Great Recession we observed a decline of the firm entry rate.
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that banks’ market power may be an important source of concern for policymakers deciding
whether to bail out a big bank.

Related Literature This paper contributes to two main strands of literature: (i) firm
dynamics under financial frictions, and (ii) macroeconomic models with imperfectly compet-
itive financial intermediaries. A key contribution is to integrate these strands by studying
how bank market power affects firm-level investment and financing behavior in a heteroge-
neous firm environment. While models of firm dynamics often assume competitive credit
markets, and macro-finance models with bank competition typically abstract from firm het-
erogeneity, I bridge this gap by embedding a dynamic financial oligopoly in a heterogeneous

firm framework.

Firm Dynamics and Credit Markets. A large literature studies firm dynamics under
borrowing constraints or financial frictions (e.g., Gomes, 2001; Cooley and Quadrini, 2001;
Hennessy and Whited, 2005, 2007; Jermann and Quadrini, 2012; Khan and Thomas, 2013).
However, these models typically assume competitive credit markets. This paper departs
from that assumption by introducing imperfectly competitive banks that set cross-sectional
financial markups, thereby extending standard macroeconomic frameworks of firm dynamics
to include an endogenous, imperfectly competitive credit supply mechanism.

Strategic interaction among banks generates endogenous dispersion in borrowing costs,
which in turn affects capital allocation. This mechanism connects to recent work emphasizing
dispersion and misallocation (e.g., Lanteri, 2018; David, Schmid, and Zeke, 2022) and aligns
with empirical evidence showing that credit market structure can shape firm-level outcomes
(e.g., Petersen and Rajan, 1995; Rajan and Zingales, 1998; Black and Strahan, 2002; Cetorelli
and Gambera, 2001; Cetorelli and Strahan, 2006).

Macroeconomics with Financial Intermediaries. Several papers analyze the role of
financial intermediaries in macroeconomics, either with a focus on banks’ imperfect compe-
tition (e.g., Corbae and D’Erasmo, 2021) or focusing on the interaction between credit con-
straints and the financial intermediation sector (e.g., Elenev, Landvoigt, and Van Nieuwer-
burgh, 2021). While Corbae and D’Erasmo (2021) build a structural model of banking
industry dynamics, their focus is on regulatory policy. I instead explore the macroeco-
nomic implications of bank market power through the lens of firm dynamics. Similarly,
Elenev, Landvoigt, and Van Nieuwerburgh (2021) examine capital constraints among banks
and firms, whereas I highlight a novel amplification channel: the endogenous dispersion of
firm-specific loan markups. Another related contribution is Dempsey (2025), who devel-
ops a model with heterogeneous firms that can choose between intermediated and direct
finance, while heterogeneous banks compete both with one another and with the bond mar-
ket. His framework features an endogenous concept of banks’ comparative advantage in



lending relative to non-banks and emphasizes the role of capital requirements in an environ-
ment characterized by credit substitutability. While Dempsey (2025) models a continuum of
monopolistically competitive banks, my focus is on competition among non-atomistic banks,
which gives rise to endogenous cross-sectional dispersion in loan markups and, in turn, shapes
firm-level financing and investment decisions.

Other papers study bank market power in the context of monetary policy transmission
(e.g., Wang, Whited, Wu, and Xiao, 2022; Jamilov and Monacelli, 2025), often relying on
markups derived from constant elasticity of substitution (CES) frameworks. In contrast, I
use a generalized Euler equation framework that allows for time-varying, endogenous firm-
level markups driven by dynamic bank-firm interactions.

Outline. The rest of the paper is organized as follows. Section 2 reports three salient
stylized facts. Section 3 presents a stylized version of the model aimed at delivering basic
intuition about the proposed mechanism. Section 4 describes the infinite-horizon version of
the model and discusses the main mechanism and its effects in detail. Section 5 explains
the calibration and results of the oligopolistic stationary equilibrium. Section 6 illustrates
the results of the three aforementioned macroeconomic shocks, such as the failure of one big
bank and a new bank entry. Section 7 proposes an extension of the baseline model. Section

8 concludes.

2 Stylized Facts

The purpose of this section is to report the key empirical facts on banks’ market structure
and market power. Appendix C.4 details the data and the methodology, and supplement

the analysis with additional patterns.

(1) Banks Concentration and Markups Increased. I obtain all banks registered in
the U.S. from 1984 to 2022 from the Federal Financial Institutions Examination Council’s
Central Data Repository and combine the bank-level data to construct banks asset-market
share and markups in the spirit of De Loecker, Eeckhout, and Unger (2020) and Corbae and
D’Erasmo (2021). Figure 1 shows that both the asset-market share of the top 4 banks and

the asset-weighted markup have been increasing over time.



Figure 1. BANKS MARKET SHARE AND MARKUPS
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Notes: The left panel shows the evolution over time of the total number of registered banks in the
U.S., the asset-market share of the top 4 banks, and the asset-market share of the next 10 largest
banks. The right panel shows the asset-weighted markup and Lerner Index.

Bank-level markups are calculated as

INTEREST RETURN ON LOANS;
CosT OF FUNDS; + MARGINAL NET EXPENSES;

Interest rate on loans is calculated as the ratio between interest income on loans and the total
loan amount. The cost of funds is calculated as the interest rate on both deposits and Fed
funds, relative to the total of deposits and Fed funds. Marginal net expenses is defined as the
marginal non-interest expenses net of marginal non-interest income. Marginal non-interest
expenses and marginal non-interest income are derived from the trans-log functions (46) and
(47) in Appendix C.4.2, along the lines of Demirgii¢c-Kunt and Martinez Peria (2010). The

Lerner index is calculated as
MARKUP;

1 + MARKUP;

Hence, a Lerner index of zero indicates the perfect competition benchmark. The Lerner
index has been significantly above zero and increasing over time, pointing to an increase in

market power. Appendix C.4.2 explains all these measures in details.

(2) Evolution of Banks Concentration is Positively Correlated with Credit Spread.
Given the same database as in point (1), I run the following bank-level regression:

log(Rb,L,t — RM,t) = /8[) + 51 X lOg Lb,t + 62 X Charge—offb’t + 53 X C57t + (07} + Y-

The independent variable is the log of bank-level credit spread log(Ry 1+ — Ra), calculated
as the difference between the loan rate (Rp ;) and the 3-Month T-bill rates (Rys). The
dependent variables are (i) the log of the outstanding quantity of loans (L), (ii) the charge-
off rates, and (iii) the concentration of the biggest 5 banks (C5,). Moreover, «; indicates



bank-level fixed-effects and v; indicates time fixed-effects. I present the results in Table C10
in Appendix C.4.2. The coefficient of interest is 33 which is estimated to be .854 (statistically
significant at the 1 percent level), hence implying that a 1 percent increase in Cs; results
in a .854 percent increase in the annualized credit spread, ceteris paribus. Table C11 shows
that the statistical significance of the coefficients is robust to two-way clustering of standard
errors by bank and time.

(3) Controlling for Deal Amount and Proxy for Corporate Default, Smaller Firms
Tend to Pay Higher Credit Spreads. In order to investigate interest rates at a firm-
bank deal level, I use the Roberts Dealscan-Compustat Linking Database following Chava
and Roberts (2008), which connects borrowers and lenders from 1986 to 2012. I run the
following firm-bank level regression:

All-In Drawn?’b,t = Bo+ B1 x log K¢t + B2 x log L‘fc’b,t + 3 x Altman Z-Scoref; + 7y,

where All-In Drawn?b’t indicates the interest rate spread on a deal d paid by a firm f to a
bank b, K, indicates the book value of a firm f, L}, , indicates the deal amount, Altman
Z-Score is a proxy for firm’s f bankruptcy probability, and ~y, indicates time fixed-effects.® T
present the results of this baseline specification and several robustness checks in Table C7 in
Appendix C.4.1. The coefficient of interest is §; which is estimated to be —.2535 (statistically
significant at the 1 percent level), hence implying that a firm with a size corresponding to the
75" percentile pays 72 basis points less in annualized credit spreads than a firm with a size
corresponding to the 25" percentile, ceteris paribus. The estimate of 3; remains negative
and significant across specifications. Figure C13 reports the time fixed effect, v;, over time.
On average, the estimated time fixed effects increase over time, which is consistent with the
notion that raising bank concentration has exerted upward pressure on interest rates across
all firms. Relatedly, I run the following additional regression which explicitly controls for

the interaction between firm size and bank concentration:

All-In Drawnjf,bvt = Bo + P1 x logKy, + B X logL}l,b’t + 3 x Altman Z-Scores; + B4 X Cs 1+
65 X (1OgKf7t . CS,t)-

The new coefficient of interest, s, is estimated to be negative, while [, is positive and
B1 remains negative. All coefficients are significant at the 1 percent level. This suggests
that a higher level of concentration interacts with firm size by increasing interest rates
disproportionally more for smaller firms. Table C7 in Appendix C.4.1 reports all estimated
coefficients and their significance levels.

6 Appendix C.4.1 explains the data and all these measures in details.



3 Stylized Model

In this section, I analyze a two-period model designed to provide preliminary intuition for
the infinite-horizon model presented in Section 4. An oligopolistic banking sector interacts
with a continuum of heterogeneous firms in the presence of idiosyncratic productivity and
default shocks. I provide analytical results on how increasing the number of banks B impacts
various financial and macroeconomic variables, such as loans, interest rates, expected returns,
investment, leverage, and TFP. In the stylized version of the model, there are two dates
denoted t = 0, 1. Note that, in the stylized model, the number of banks is exogenous but in
the infinite-horizon model is endogenous (banks make entry and exit decisions).

Preferences. There is a continuum of identical households with preferences:
Co+ B - Ch, (1)

where C; is the household’s consumption at time ¢ and § € (0,1) is the discount factor.

Technology. There is continuum of firms j € [0,1]. In each period ¢ = 0, 1, the output
y+(7) produced by each firm j is given by the production function y;(j) = z(7) - ki(7)<, where
0<a<l.

Ownership Structure. The households own all banks and firms. Each firm j is charac-

terized by its state vector

2(7) = {{laG) i1, 112(5), ke (5), T(5), 2e(5)

where [,,(j) denotes the firm’s loan by bank b, r;,(j) (throughout the paper I will also refer
to Ri+(j) = 14 r14(j)) is the interest rate (charged by all banks), k.(j) is the firm’s capital
stock, z(7) is the firm’s productivity, and Z;(j) is an indicator function that takes value 1
if the firm has not defaulted. Let ¢(z() denote the density function of firms in the economy
at t = 0.

Markets. There are five markets in the economy: banks’ debt, banks’ equity, firms’ loans,
firms’ equity, and the market for the representative good.

Banks’ equity and debt markets. The household invests in the production sector by supplying



equity or debt to banks and by supplying equity to the firms and faces budget constraints:

B B
Co + Zpb “Sp1+ D1+ /Po -51d® = Z(pb + Tb,0) - Spo + /(po +do) - So d® (2)
b=1 b=1
B ~
Cl:Zﬂb,l-Sb71+RD'Db71+/I‘d1-Sld(I), (3)
b=1

where py, Sbo0, Sp1, D1, T, and m,; are, respectively, the bank’s share price, the share
holdings at ¢ = 0,1, the debt holdings at ¢ = 1, and the bank’s profit at ¢t = 0,1. Bank b
demands equity and debt from the household, in order to finance loans to firms.

Firms’ equity market. The household invests in the production sector by supplying equity
to the firms, and faces budget constraints (2) and (3), where py, So, S, do, and d, are,
respectively, the share price, share holdings at ¢ = 0,1, and the dividend of each firm (net
of equity issuance cost) at t = 0,1. Firms demand equity from, or distribute dividend to,
the household. If a firm decides to issue equity, it incurs a quadratic equity issuance cost at

t =0 (with ¢ being a positive constant):

N ifdy <0

Ady) = ,
(0) 0 1fd0>0

(4)

where dj is a firm dividend at ¢ = 0, defined below. The cost of equity issuance could stem

from information frictions, such as signaling costs or adverse selection.

Firms’ loan market. A finite number B of (identical) banks supply loans to the continuum
of firms. Each bank b =1... B can issue non state-contingent loans /;; to each firm. Loans
are due for repayment in the next period, unless the firm defaults. A firm j takes the
interest rate r1(j) as given and chooses how much to invest and how much to borrow from
each bank. Banks take each firm’s demand schedule as given and compete a la Cournot,
i.e, simultaneously and independently choose their loan portfolios. The Cournot model has
the convenient property that the number of firms (banks in my case) is a sufficient statistic
to determine market power, rendering it a parsimonious and tractable modeling choice.
Alternatively, one could consider a Bertrand model where banks face capacity constraints,
in order to rule out perfectly competitive outcomes. As shown by Kreps and Scheinkman
(1983), quantity precommitment followed by Bertrand competition would induce Cournot

outcomes.

Goods market. The representative household demands goods supplied by all firms.

Shocks. At time 0, firms are heterogeneous with respect to their capital stock ky and their
idiosyncratic productivity zg. At time 1, there are two types of idiosyncratic shocks: the
firm can default, with exogenous probability 1 — p and, if it survives, z; realizes according

10



to log z1 = p, log zo + & where & NN(O,O‘?) and 0 < p, < 1.

Timing. All decisions are taken at ¢t = 0. Given the initial distribution of firms with pdf
o(zo) (and cdf ®(z0)), the timing is as follows: (1) each firm produces output yo = zok§;
(2) each bank finances its supply of loans, [l,1(zo) d®(zo), by issuing equity and/or debt;
(3) each firm takes the interest rate Ri(xo) as given and chooses how much to invest and
the amount of loan to demand from each bank; (4) banks take each firm’s demand schedule
as given and compete with each others to supply the loans. The outcome is a contract
establishing: loan amount (), interest rate R;(z), and the new level of capital ky(zo);
and (5) firms distribute dividends dy = 2ok + (1 — §)ko — k1 + Zf lp1 to the household.”
At t = 1, the 1 — p mass of defaulting firms exits the market. For the surviving firms, z;
is realized and: (1) firms produce output y; = z1k%; (2) firms repay their outstanding debt
plus interest Ry (20)- 328 lpa(w0); (3) each bank distributes its profit [ pRy (0)ls1 (o) AP (o)
to the saver; and (4) firms distribute dividend dy = 2k + (1 — d)k1 — Ry ZE lp1 to the
household.

3.1 Agents’ Optimization Problems

The representative household maximizes its intertemporal utility (1) subject to the budget
constraints (2) and (3), yielding Euler equations that pin down the price of banks’ equity
Vb : [mp1 = pbo, and the price of each firm’s equity

d
o8 | 1| = 1= M) 5

Po
Firms maximize the net present value of dividends do + 3 - Eq [Z - d;]. The firm’s optimality
condition with respect to the loan requires that the discounted future expected interest rate

be one net of the equity issuance cost:

pBR =1~ Aa(do). (6)

The firm’s first-order condition with respect to capital requires that the future interest rate

equals the expected marginal productivity of capital net of depreciation:
Ry =Eo [1+axnki™ —4]. (7)

Generalized Euler Equation. Banks’ strategies map firm characteristics (o) onto the
current quantity and future interest rate of loans. Given the probability density function
®(z0) and cumulative distribution function ®(z), each bank b chooses Iy 1 () to best respond

"I assume for simplicity that firms start with [, o = 0.
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to other banks’ strategies [_p¢(x¢), such that

max T = —/lb,l(xo) dP(zo) +B/pRl,l(xo)le(xo)dq)(xo),

lp,1(0)

subject to equations (5)-(7) for all firms in the distribution.
Each bank’s best response is characterized by the following generalized Euler equation (GEE)

or @Rl 1( )

Voo s —o 4
Y0 Bl 1 (o) & Bl 1 (o)

lpa(x0) + pBRi1(x0) = 0, (8)

where 2810 on be determined by the implicit function theorem on equations (6) and
Olp,1(z0)

(7). Equation (8) is a generalized Euler equation because it contains the derivatives of each
firm’s policy functions. Each bank best responds by internalizing the effect of loans on the

firms’ capital choice glkl as well. For ease of notation, I drop the dependency of all optimal
choices from xy. The inverse elastlclty o “ Fé’ - 1mph(31t1y contained in the generalized Euler

N .- From equation (7)

ORy1 lyq 2 Ok by
——— =y [a(a—1)zk] , 9
Oy Rya 0 \( Y . 3lb1 Rn (9)

~
OMPK
oky

where MPK = z; - ak®~!. The formula suggests that banks’ market power depends on two
components. First, banks extract higher markups out of firms that exhibit a lower (i.e.,

more negative) derivative of the marginal productivity of capital 8MPK 8 These firms are
characterized by a less elastic credit demand, since if banks restrlcted the supply of loans
(hence, inducing less investment in physical capital) they would cause: (i) a greater missed
production (these firms also exhibit a high MPK) and (ii) a higher interest rate (these
firms’ levels of capital correspond to a more concave point of the production function).
Second, banks think strategically by internalizing the effects their actions have on the firms’
investment decisions (i.e., they internalize the impact of their actions on the firms’ policy

functions). This second effect is captured by the cross-elasticity £ 8’“ b L

. Finally, note that
expressions for the two cross-derivatives can be found jointly by taklng the total derivatives

of equations (6) and (7):

ORy 1 —pBR, and Oky  1—pBR, 1
Oy, pBly1 Oy, pBly E, [015%31(]
1
8Note that the term a—1 is always negative; hence, alglli K and the inverse elasticity aRl L. Jlif[ 11 are always
negative. Banks exert higher market power when %ﬁl '11 . zl?f{ -
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In equilibrium, for the mass of financially constrained firms (dy < 0), the degree of
imperfect competition (number of banks B) matters. For each firm, the equilibrium is a
vector (ki, R}, 01, pp) such that equations (5)-(8) hold. For the mass of firms that, in
equilibrium, is not financially constrained, the degree of imperfect competition does not
matter. For these firms, the solution is given by (A7, R}, p;) such that equations (5)-(7)
hold, and the Modigliani-Miller theorem applies; hence, [j, is undetermined. Note that,
in the quantitative model, the household is risk-averse and a tax shield is present. These
elements, combined with the non-atomistic behavior of banks, ensure that each firm’s optimal

capital structure is well defined in equilibrium.’

3.1.1 Characterization of the Equilibrium

I now describe intuitively the main mechanism that drives the analytical results presented in
this section. First, equation (9) suggests that the higher the MPK of a firm, the higher the

marginal value of one unit of loan for that firm that translates in a lower inverse elasticity
%Zl’ll . %. Second, the degree of imperfect competition (represented by the number of banks

B) is relevant only for the mass of financially constrained firms. Note that being financially

constrained is an equilibrium outcome, as it is determined by dy, which is endogenous, and
is itself influenced by the number of banks B. Consequently, banks endogenously exert a
greater degree of market power on firms that, in equilibrium, become financially constrained
and exhibit a high MPK. Intuitively, these firms have worse outside options (e.g., a high cost
of non-bank finance) and one additional unit of investment in physical capital contributes
significantly to their future production; hence, they exhibit a less elastic demand for credit.
An imperfectly competitive financial sector internalizes that the same financial resources are
more valuable for this type of firm and for their future growth paths; therefore, it can charge
higher markups.

This mechanism leads financially constrained firms to grow slower in less competitive
credit markets. As a result, the dispersion of marginal productivity of capital is higher
when there are fewer banks B in the economy. At the same time, a lack of competition in
the financial intermediation reduces aggregate productivity, since firms grow toward their
efficient level of capital on slower trajectories. This intuitive mechanism is at the base of
Proposition I presented in Appendix B. In essence, a higher number of banks (i.e., a higher
B) has the following effects: (i) aggregate loans per bank [ l;1 d® decreases; (ii) average
loan interest rate [ Ry, d® decreases; (iii) aggregate physical investment [k} — (1 —6)ko d®
increases; (iv) aggregate expected returns [ IEq [dj] /p;d® decreases; (v) aggregate loans
[ I, d® increases; (vi) aggregate leverage [ S Iy 1/ki d® increases; (vii) aggregate TFP
[k d®/ ([ k; d®)" increases; (viii) variance of capital [ kj2d® — ([ k} d®)? decreases; (ix)

variance of loan interest rates [ R d® — ([ R, d®)* decreases; and (x) variance of expected

9See Appendix B.2 for further details.
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returns [ (B, [df] /pg)° d® — ([ Eo [d}] /p§ d<I>)2 decreases.

4 Model

In the two-period model, banks’ choices are static. In the infinite-horizon model, each bank
faces a dynamic problem that: (i) depends on the same bank’s future strategies and other
banks’ current and future strategies, and (ii) is subject to all firms’ dynamic demand for loans;
also both the current and future distributions of firms matter. The equilibrium concept used
in this section is a Markov perfect equilibrium (e.g., Maskin and Tirole, 2001). Specifically,
I characterize the equilibrium using generalized Euler equations in a similar fashion to the
optimal fiscal policy literature (see, for instance, Klein and Rios-Rull, 2003; Klein, Krusell,
and Rios-Rull, 2008; and Clymo and Lanteri, 2020).

In this section, I build a dynamic framework to study firms’ financing-investment deci-
sions when banks are big (i.e., non-atomistic), strategically interact with each others, and
face idiosyncratic firms’ default risk.'® Households derive utility from a non-durable con-
sumption good, own the shares of the banks, and supply deposits. Banks issue debt and
use both their internal resources and debt to purchase firms’ loans. Firms make investment
decisions, taking into account the fact that debt provides a tax shield and issuing new eq-
uity is increasingly costly. The key feature of the framework is the simultaneous presence
of strategic interactions among financial institutions, general equilibrium, macroeconomic
shocks, and heterogeneous firms. Note that each firm stipulates an idiosyncratic contract
with the banks: in equilibrium, banks have different degrees of market power on each single
firm in function of its idiosyncratic characteristics.

I now describe the model and define the stationary oligopolistic equilibrium, in which
all aggregate quantities and prices are constant over time. I overcome the computational
challenge by proposing GEE-based algorithms to solve for the oligopolistic stationary equi-
librium and related transitional dynamics in the presence of strategic interactions, general

equilibrium, and heterogeneous firms. The algorithms are detailed in Appendix A.

4.1 Environment

Time is discrete t = 0,1,... and the horizon is infinite. There is an endogenous number B
of identical big banks in equilibrium and an endogenous number B of identical small banks
in equilibrium. Differently from big banks, small banks operate under capacity constraints.
All banks are owned by a continuum of identical and infinitely lived households, equivalent

to one representative household. The household also owns a continuum of firms j € [0, 1].

10Gpecifically, I interpret the financial intermediation sector as a succession of decision makers — one at
each date ¢ — without commitment to future realized quantity of loans supplied.
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Preferences. The household ranks stream of consumption C} according to the following
lifetime utility function:

> B u(Cy), (10)
t=0
where 3 € (0, 1) is the household’s discount factor, and u. > 0, u. < 0.

Technology. In each period ¢, the output y;(j) produced by each firm j € [0, 1] is given by
the production function y,(j) = Z; - z(j) - k(j)®, 0 < a < 1, where Z; is an aggregate TFP
shock (which is used in Section 6 in the form of an unexpected shock) and z/(j) indicates

the idiosyncratic firm’s j productivity with characteristics specified in the paragraph below.

Ownership Structure. The household owns all the banks and the entire mass of firms
j €10,1]. Each firm j is characterized by its state vector

xt(]) = {{lb,t(j)}bB:tl? g,t(j)}llihrl,t(j)?kt<j)7zt(j)7zt(j>}?

where [;,;(j) denotes the firm’s loan by bank b =1,..., B, [} ,(j) denotes the firm’s loan by a
small bank b = 1,..., B, r,4(j) is the interest rate (charged by all banks), k;(j) is the firm’s
capital stock, Z;(j) is a dummy variable that takes value of one if the firm has not defaulted,
and z(j) is the firm’s idiosyncratic productivity. Let ¢;(z;) denote the density function
of firms in each given period after firms default and reenter, with associated cumulative
distribution ®;(x;). The household can save through the banks or through firm’s equity, in
this latter case it incurs the equity issuance cost (4). Throughout the paper, I will omit
the explicit dependency on j of the firm specific variables contained in z,(j) for notational

convenience.

Markets. There are six markets in the economy: banks’ debt, banks’ equity, firms’ loans,

firms’ equity, interbank market, and the market for the representative good.

Banks’ equity and debt markets. The household invests in the production sector by supplying

15



equity or debt to banks and faces the budget constraint:!!

Bt+1 Bt+1

Cr+ Z (Pb,tSbt41 + Dygr1) + Z (P2.4Shei1 + Diyyr) = /Itdt + (1= T,)do dj
B B:

Z ((Pot + T0,0)Sbe + Rp e Do) + Z ((Pi,t + ) She + RSD,th,t) )

b=1 b=1

where py ¢, Spt, Spi+1, Doty Doir1, Rpy, and mp,, are, respectively, the big bank’s share price,
the share holdings at ¢ and ¢ + 1, the big bank’s debt holdings at ¢ and ¢ 4+ 1, the interest
rate on the bank’s debt, and the big bank’s profit at t. The corresponding variables denoted
with suffix s refer to the small banks instead. Each bank b demands equity and debt from
the representative household, in order to finance loans to firms.

Firms’ equity market. The household owns all the firms and, for the firm that have not
defaulted, it receives each firm’s dividend d, (net of equity issuance cost) at ¢. Firms demand
equity from, or distribute dividends to, the household. If a firm decides to issue equity, it
incurs the equity issuance cost \(d;) given by equation (4), where d; is a firm dividend at
time ¢, defined below. The corresponding mass of firms that have defaulted is replaced by
a mass of newly entering firms with characteristics x, which produce a dividend do. This
dividend can potentially be negative in the case of an equity issuance.

Firms’ loan market. The B; big banks and the B; small banks supply loans to a continuum
of firms. Each bank b= [1... B;] and b = [1...B;] can issue non-state-contingent loans I, ;11
and [;,,, to each firm. Loans are due for repayment in the next period, unless the firm
defaults. A firm j takes the interest rate r;;41(j) as given and chooses how much to invest
and how much to borrow from each bank. Banks take each firm’s demand schedule as given
and compete dynamically a la Cournot. Differently from big banks, small banks are subject
to capacity constraints. The process determines the total amount of loans banks supply
to each firm which, together with the firm’s demand schedule, pins down the firm-specific
interest rate 7,,11(j). At time ¢, each bank and firm commit to such an interest rate.
Interbank market. A big bank b can lend M, to other big banks that will be repaid in the
following period at rate ras 41. Since all big banks are identical, in equilibrium Vb : M,, = 0.
Similarly, a small bank b can lend M, to other small banks that will be repaid in the following
period at rate 77441. Since all small banks are identical, in equilibrium Vb : M, = 0. For
simplicity, I assume no cross big-small banks lending is allowed.

Goods market. The representative household demands goods supplied by all firms.

UNote that B; = max{By, B;+1} and B; = max{B;, B;+1}. If a bank decides to exit, then p,; = 0, but
it still needs to be taken into account because it can liquidate its assets in the form of a dividend. If a
bank decides to enter, it is owned by the household and requires an initial equity injection—i.e., a negative
dividend—to operate.
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Shocks. At time t, Z; takes the value of one with probability p;, and zero with probability
1—p;. A new mass of firms re-enters the economy so that the total mass remains constant over
time. I relax this assumption in Subsection 6.2. Reentering firms are assigned characteristics
To, and I set their initial capital ky as described in Section 5. I assume that, in the event of
default, banks recover vk+kq from the defaulting firm’s capital. The portion kg is transferred
to the household (the owner of both firms and banks) and is recycled to finance newly entering
firms. This assumption ensures that new firm entry is not fueled by exogenous resource
injections, but rather by reallocating existing capital within the economy. For simplicity, I
set the initial amount of the loan owed to the big bank as I, = 0 for all b = [1,..., 5],
and the initial amount owed to the small bank as [ = 0 for all b = [1,...,B]. Firms have
heterogeneous productivity z:(j), with z9(j) drawn at the birth of the firm from a Gaussian
probability distribution function with mean 1 and variance 02.'* Finally, in Section 7, I also
propose and solve an extension of the model with firms endogenous default decisions, which
yields consistent results with the baseline model.

Government. The government imposes proportional taxes 7 on all firms’ production.
Firms can deduct loan interest and depreciated capital from their taxes. The government
runs a balanced budget constraint. That is, the government uses the aggregate revenue from

taxes

Ti=t1

/ (tht Zmzbt —~ Zmlbt —~ (5kt> dj + /(1 — T,) (Zyzok§ — ko) dj

to finance an exogenous government expenditure that exactly balances T; at each point in

time.

Timing. The aggregate state of the economy at time ¢t is

{{Db t}b 1’ {Dbt}b 15> T'D,ts {Mb,t}ljyg:tv {Mlit}IZiN Mt Bt= Bt? Zt? ¢t(xt>}

Given X, the timing is as follows: (1) a mass 1 — p, of firms defaults, (2) each surviving firm
produces output y; = Z; 2,k and repay its debt ZbBt Ryilyy + Zf‘ Rl,tllf’t to all incumbent
banks; (3) a mass 1 — p; of firms enter the production sector with characteristics zo; (4)
each incumbent bank decides whether to exit; (5) potential banks entrants decide whether
to enter, this requires an initial equity injection from the household; (6) each bank finances
its supply of loans, [l,;11(z¢)dj, by issuing equity and/or debt; (7) each firm takes the
interest rate r;441(x;) as given and chooses how much to invest and the amount of loan to
demand from each bank; (8) banks take each firm’s demand schedule as given and compete

12Similarly, in spirit, to Melitz (2003) and Asplund and Nocke (2006).
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with each others to supply the loans. The outcome is a contract establishing: loan amount
lp+(2¢), interest rate ry 441 (z;), and new level of capital ki1 (x:); (9) firms distribute dividends
d = (1—1) [thtk‘ta — ZbBt r1elos — th Tl,tl§7t] + 70k, — 4, to the household, where i, =

i+ S Ty = SOV i+ SO0 lhy — Sopr l; 11 and i denotes investment in physical
capital; (10) bank b distributes profit to the household. To simplify notation, I omit explicit
time subscripts from variables throughout the remainder of the model exposition. It is
understood that (z, X) refers to (z;, X;), and (2/, X”) refers to (441, Xit1)-

4.2 Household

I now describe the household’s problem in recursive form. Let V(X)) be the value function
of the household with banks’ debt holdings D = [D; ... Dg], and banks’ equity holdings
S =[Sy ...Sg]. This function satisfies the following functional equation:

Vi (X) = max u(C) + 5 - Vi (X') (12)
subject to the budget constraint (11). The left-hand side of the budget equation (11) reports
the household’s expenditures: household aggregate consumption, banks b’s equity and debt
purchases. The right-hand side reports the household’s resources: each bank b’s equity
holdings and debt, and firms’ dividends.

The household takes the future banks’ debt market rate 77, as given, together with future
banks’ profits, and purchases banks’ debt and equity according to:

/ /
Wb 1= MI(X,X") P (13)
Py
Wb: 1= M(X,X)- R}, (14)

where M’ = BZCC((CC/)), and 7, is the profit of bank b distributed as a dividend to the household.

4.3 Firms

I now characterize firm j’s problem in recursive form. For convenience, I omit the index nota-
tion 7, i.e., all idiosyncratic time ¢ state variables x(5) = {{l,(j)}2.,, () }E_ 1, n(5), k(5), 2(4)}
and corresponding choices are noted without index j. Let Vp(z, X) be the value function
of the firm j with loan holdings [I; ...lg] and [[§...[3] from each bank and capital k. This
function satisfies the following functional equation:

Ve(z, X) = max d—MNd)+E[Z - M(X, X" Ve, X") | (z, X)],

’ /
USRS

18



subject to

K o=k(1—6)+i
B B’ B B’
i=i=> b+ = >l
b=1 b=1 b=1 b=1

B B
d=(1-7)|Z2k* =) mly =Y nly| + 76k —i
b=1 b=1
2

Md) =10 < 0] 2%+ 1 > 0] -0,

where M’ is the discount factor of the household, as described in the previous subsection,
and I is the indicator function with takes value of one when the argument is true and zero
otherwise. Each firm takes the future loans’ market rate ] as given and finances itself
through internal financing (production and equity issuance) and external financing (loans

from banks). The first-order condition with respect to k' is

1 g(d) = E |- M/(X, X') - (1 Y (1—7) (Z’z’ozk:’a_l - 5)) (1= Ma(d) | (2, %)),
(15)

which weight in the marginal cost of investing in one unit of physical capital today against the
marginal benefit of the expected discounted future marginal production net of depreciation,
both adjusted by the marginal cost of equity issuance in case dividends are negative. The
first-order condition with respect to I, with y = {., s}, is

1= Ag(d) =E[Z"- M(X, X") - (1+ (1 =7)rp) - (1 = Aa(d)) | (2, X)], (16)

which weight in the marginal benefit of borrowing one unit of loan today against the expected
discounted marginal cost of the future interest repayment net of the tax shield, both adjusted

by the marginal cost of equity issuance in case dividends are negative.

4.4 Banks

First, I present the decision problem of the incumbent banks. Then, I present the decision
problem of the new potential entrants. Banks can be either big or small, i.e. x = {.,s}.
Consistently with the notation adopted above, big banks do not have a suffix whereas small
banks have a suffix s. Note that banks are subject to aggregate constraints that contain the
entire distribution of firms. In equilibrium, and given the exit shocks, there is a mapping
between a firm’s age age(j) and the vector {{ly(j)}Z,, ()21, m(5), k(5),Z(j)}. Hence,
for computational purposes, it is convenient to represent the state space simply as z(j) =
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{age(7), 2(j)}. Given the exit shocks, the distribution of firms is simply given by ¢(age, 2),
which is not directly affected by the actions of the banks.

4.4.1 Incumbents

An incumbent big bank b = [1...B], or an incumbent small bank b = [1...5], chooses the new
level of debt to demand from the household and the new level of loans to offer to each firm.
Formally, the strategy space is defined as:

S, X) = {0y (X), 1y (z, X))}

The new amount of debt issued (AD)X = D) — DY) and internal financing FX is chosen to
provide enough coverage for the change in interbank lending and aggregate loans:

X+ ADY = AM)Y — /I~ F+1-2) R*— (Z-1(x, X)+ (1 =I) - (w0, X)) dj,
(17)

where I assume that, in the event of a firm’s default, each bank recovers a fraction of the
outstanding debt proportional to the firm’s capital and to its share of total debt holdings.
Specifically, RX = vk-l}\/ (Zle lb—i-Zf:l [3), so that the total recovery across all banks equals
vk. In addition, each bank also recovers ko -1X/(3 20, lb+ S o, ) from the defaulting firm’s
capital, implying that the total amount kg is recovered collectively by all banks. This portion
ko is then transferred to the household (the owner of both firms and banks) and recycled
to finance newly entering firms. Since banks have no control over this amount, it does not
appear in their dividend payouts; rather, it is assumed to be automatically transferred to
shareholders and used to support new firm entry within the same period. I now describe
the bank’s problem in recursive form. Let V;¥(X) be the value function of a bank b. This

function satisfies the following functional equation:

V(X)) = max 4+ M(X, X) - V(X)) (18)

{Dyrp Y, My, {1 (2,X) 7 (2, X)}

where each incumbent bank makes a exit decision
VX(X) = max{0, V;X(X)} (19)

subject to: (i) equation (17), (ii) the household’s interest rate-quantity schedule jointly
defined by equations (13) and (14), (iii) each firm’s interest rate-quantity schedule jointly
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defined by equations (15) and (16). Bank b’s profit 7, is given by:
7Tg<:/I'Tl'll)fdj—l—TMMg(—’l“DDl)f—Fx. (20)

Future market rates r,(X) and 7)(x, X) adjust consistently with the interest rate-quantity

schedules. Each bank b issues bank debt according to a generalized Euler equation:
1=M(X,X') Rp(X,X')- (1+n5 (X, X)), (21)
ORY,

DX
(21) is a best response function that captures the trade-off that a bank faces issuing new

where 7]}‘)' is the inverse elasticity . g—i between debt and its rate. In principle, equation
debt. Every new unit of debt increases the current investing capacity but needs to be
repaid tomorrow at the contracted interest rate. Moreover, since 77}‘)/ is non-negative, when
a bank issues new debt it also increases the market rate of deposits, incurring an additional
future marginal cost. In equilibrium, 1Y’ is zero, as implied by equations (21) and (14).
Without aggregate risk, households are indifferent to the financing structure of the banks.
Small banks are identical to big banks except that their loans supply choice is subject to a
capacity constraint. Specifically, pick a small bank b € [1...3] and a big bank be [1...B], the

capacity constraint reads:
V(,b): I < k- lé, (22)

which, intuitively, captures the idea that small banks face steep scaling costs, represented
by a fraction 0 < k < 1 relative to the size of the large banks. Note that, in equilibrium,
(b, l;) D= /i'll%, since small banks are identical to big banks except the capacity constraint.
Hence, if given the opportunity, small banks would develop the same size of big banks. In
equilibrium, all firms borrow from all banks. Although a firm may borrow different amounts
from large and small banks, the borrowing proportions are determined solely by the capacity
constraint of small banks. On the bank side, there is a generalized Euler equation (23) for
each firm type in the distribution with characteristics x, which closes the model and, when
taken together with the firm’s optimization problem, determines the firm-specific big-bank
loan level, interest rate, and new level of physical capital. Given this, the allocation between
big and small banks is determined by the small bank capacity constraint (22). An interesting
avenue for future research is to allow firms to choose from which banks to borrow based not
only on capacity constraints, but also on additional considerations—such as the probability
of default of each bank.

The generalized Euler equation that arises from the big bank loan first-order condition

13For instance, if certain firms borrow disproportionately more from smaller banks (which may be more
likely to fail), this could create interesting spillover effects.
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1= [M’(X, X' - (I’ CRy(x, X, 2! X - (141, X, 2, X)) + (1= T') - g?,) | (x,X)} ,
b

(23)

and, similarly, for the small banks’ the first-order condition is

1+ Z=E {M’(X,X’) : (I’ Rz, X, 2", X") - (14 (z, X, 2", X))+ (1 - T') - OR ) | (x’X)} 7

ol
(24)
. . . x/ / N — 8_R2 . lid(ét,X) .
where Z is the Lagrange multiplier on (22) and 7" (z, X, 2', X') = 23 Toxaxy 1S the
y e

firm-specific inverse elasticity between loans and their rates. Equations (23) and (24) are
functional equations that depend on the idiosyncratic characteristics of each firm. In equi-
librium, equation (24) is unnecessary since equation (22) is binding, as discussed above.
Nevertheless, the presence of small banks is important in shaping the inverse elasticity since
it enters directly in 7' (z, X, 2/, X') and M’(X, X'). See Subsection 4.4.2 for details on how
to calculate 1 (x, X, ', X').

Equations (23) and (24) are the best response functions that capture the trade-off that a
bank faces issuing a new unit of loan to a specific firm. Every new unit of loan decreases the
current bank’s dividend but produces a marginal income tomorrow at the contracted interest
rate. Moreover, since 771"/(:5, X,2', X') is non-positive, when banks issue new loans they are
also decreasing the future market rate of loans, incurring a marginal loss in the future.
Note that banks best respond internalizing the effects that their actions have on aggregate
quantities and all firms’ choices (e.g., if a bank changes the quantity of loan offered to a firm,
that firm might decide to re-optimize and adopt a different capital structure as a function
of the credit market conditions). All these equations, together with an Euler equation that
regulates the banks’ behavior on the interbank market

1=M(X,X") R, (X,X), (25)

captures the decision making behavior of each bank. The outcome of the game played
by the banks at time ¢ is a contract that pins down the firm-specific intermediation mar-
gin Rj(z, X,2’, X') — R,(X,X’). In principle, this margin can be decomposed into: (i)
firm-specific loan’s intermediation margin (Rj(z, X, 2', X') — R},(X, X’)) and (ii) debt’s in-
termediation margin (R}, (X, X') — R,(X, X’)). Note that the debt intermediation margin
is zero, since 1), = 0, hence R} (X, X') = R},(X, X").
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4.4.2 Calculation of the Inverse Elasticity 1|

This subsection contains the calculation of the inverse elasticity 7 in the generalized Euler
equations (23) and (24). First, combine the firms’ first-order conditions (15) and (16) to
define the two functions:

fle, X, 2 X\=Z"7ak* -6 —R +1=0,
9@ X, 2, X)=p- M- (1=X}) (1=7)(R — 1)+ 1) — 1+ A} =0.

Second, compute the total derivatives of these two functions with respect to &’ and ll’f/.

Hence, solve the resulting linear system to get the following expression:

OR, T 'glgd - fzg/ "Gk
ol B fry g — [ gr,

Note that f,v =0, fr; = —1, and fi = Z'2'a(a — 1)k'*=2. Therefore, the elasticity nlxl is
b
given by

. ORIY forgpe ¢

X _ [ — % b 26
i oL 1y gr + fr - gry B (26)

where the partial derivatives of the g function are

g1 = P00 d)) (1= i+ 1) = p 20D (g D) (o)
oM , a(d) , ONa(d)
gy = g (1= M) (L= 1) = p M (=7l 1)+ S0 (29
g = p%—gu = Mld)) (1= 7Y +1) - M’a?féf L= ) M (=) ¢ 8?535)
(29)

Equations (27)-(29) contain all other banks strategies 1¥, = [If, ..., I5]\{{{} in the discount
factor M’ and its derivatives, in the marginal equity issuance costs Ag(d) and A\g(d'), and also
the derivatives of the future firms’ policy functions inside the derivatives of M’ and inside the
derivatives of A\g(d'). Since all bank strategies enter into M’ via aggregate consumption, M’
serves as a pivotal channel for strategic interactions. In the stationary equilibrium, M’ = f3;
however, for any v > 0, its derivatives remain nonzero (see Appendix B.2 for details). This
underscores the essential role of utility curvature: without it, aggregate consumption would
not enter the stochastic discount factor and these strategic channels would vanish.
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4.4.3 Entry Conditions

The new numbers of banks, B’ and B’, are the biggest integers such that
M(X, X)) - VXX') > Fy for x € {., s}, (30)

where Fj5 denotes the fixed entry cost for big (x = .) and small (y = s) banks, respectively.
The updated numbers of banks satisfy B’ = B— BPefault | pEntty and B! = B— pPefault | gEntry
and are components of the vector X’. Here, (BPefault ghefault) are the numbers of big and
small banks that default, as determined by conditions (19), and (B BEM®Y) are the
numbers of new entrants. Entry of a new bank requires an initial capital injection from the

household.

4.5 Oligopolistic Equilibrium

The aggregate resource constraint of the economy is:

C+/I+Adj+T:/Ydj+/Rdj, (31)

where I = 7 -i(x, X))+ (1 = 1) - i(z0, X), A= T - Nz, X)+ (1 —7) - Mo, X), Y =
T-Zzk*+(1-1) - Zzki,and R=(1-17)- (Zle R+S0, R5>. The total production of
the economy on the right-hand side of equation (31) can: (i) be consumed by the household,
(ii) be used for aggregate investment in physical capital (in case some dividends are negative,
some resources are spent to pay the equity issuance cost A), and (iii) be paid in taxes. Note
also that the right-hand side includes the resources recovered from the mass of defaulting
firms, captured by the term R.

A formal definition of the notion of Recursive Stationary Oligopolistic Equilibrium is
presented in Definition 4.1, and its extension to the dynamic case is discussed in Section 6.

Definition 4.1. A Recursive Stationary Oligopolistic Equilibrium is a Markov per-
fect equilibrium where i) the banks’ debt holdings ({D,}2_,,{D;}2_,) and the relative mar-
ket rate Rp; ii) the banks’ share holdings ({S,}2_,,{S:}5_,) and the relative market prices
o} 2.1, {p;}E_)); iii) the interbank debt holdings ({M}2 , {M$}5 ) and the relative mar-
ket rate Rys; iv) the household’s consumption C; v) the distribution ¢(z); vi) the policy
functions: &'(z), I'(x), I¥'(x), and R}(x); vii) the number of banks (B,B) are such that i) the
household’s problem is solved—i.e, equations 13) hold; ii) each firm’s problem is solved-i.e,
equations (15) and (16); iii) each incumbent bank is best responding to all other banks—i.e,
equations (21), (23), (24), and (25) hold; iv) it is not profitable for new banks to enter the
intermediation market as per entry conditions (30) and incumbent banks have no incentive
to default; v) and all markets clear: 1) the good market clears —i.e., equation (31) holds;
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2) each bank’s equity market clears —i.e., ¥b : Si = 1; 3) the interbank market clears —i.e.,
Vb : MY = 0.

5 Calibration

The choices of parameter values are described below and summarized in Table C1.

Household Preferences. A period in the model coincides with a quarter, consistent with
the frequency in the data. I set § = 0.995 to match a quarterly stationary bank’s debt
rate (or interbank debt rate) of 0.50%, which is consistent with the average of the 3-month
T-bill rates calculated between 1997 and 2017. I use a constant relative risk aversion utility

function with degree of relative risk aversion v = 1. Hence, u(C') = log(C).

Firms. The quarterly depreciation rate 0 is set to a standard value of 3%. In the baseline, I
set the curvature of the reduced-form profit function o to 0.34.'* 1 then conduct a sensitivity
analysis by increasing 6 to 0.75, which yields o = 0.51, holding all other parameters constant.
In this case, the banking sector profitability rises to 26.4%, compared to 16.5% under the
baseline value of o = 0.34. Banks profitability increases further to 30.5% when I raise 6 to
approximately 0.777, which implies o = 0.55.> As shown in Figure C7 in Appendix C.1,
when o = 0.51, banks maintain positive markups across a broader segment of the firm
distribution—particularly among lower-productivity firms. As « increases, the marginal
return on capital is lower for very small firms but diminishes at a slower rate as capital
rises. This implies that banks internalize a shift in marginal value: one dollar lent to a tiny
firm yields less marginal return when « is higher, but becomes more valuable as the firm
accumulates capital. This analysis suggests that the baseline value a = 0.34 is conservative
in terms of implied bank markups. See Appendix B.5 for further details.

Firms’ income tax is set to 19.7%, which was the effective corporate income tax in the
U.S. in 2021. This taxation rate is also broadly consistent with the ratio between taxes
on corporate income over corporate profit (both time series are retrievable from FRED)
between 1997 to 2017. I use the net charge-off rates of the Commercial and Industrial
Loans (C&I) to pin down the risk of default, so that the stationary equilibrium value of p
is p = 1 —0.21% (quarterly) consistent with the average of the time series between 1997

14This value can be obtained using the mapping implied by a standard Cobb-Douglas production function
with decreasing returns to scale. Specifically, consider the functional form Zzv(kn'=%)? where k is capital,
n denotes labor input (not explicitly modeled in this paper), a = 0.35 is the capital share, and § = 0.6
governs returns to scale. Defining v = 1 — (1 — a)f, the reduced form curvature of profits with respect to
capital is a = %9 = % ~ 0.34.

15These values of « are broadly consistent with estimates reported in the literature—for example, Cooper

and Haltiwanger (2006) and Hennessy and Whited (2007) document values of 0.592 and 0.627, respectively.
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and 2017.1° The equity issuance cost )g is set to 0.8 to match an annualized frequency of
equity issuance of 0.042. The frequency of equity issuance is computed from a sample of
non-financial, unregulated firms from Compustat. Several studies (e.g., Gomes, 2001 and
Hennessy and Whited, 2007) incorporate an equity issuance cost that includes both fixed
and proportional components. In Appendix C.2, I explore an alternative functional form for
the cost of equity issuance, which incorporates a fixed cost through a logit function to ensure
differentiability. In each period, I also assume that a new mass of firms replaces the mass of
firms that defaulted 1 — p, starting from age zero with capital kg, which is set jointly with
other parameters as explained below. In Subsection 6.2, I consider an extension where firms
entry change over time and not necessarily match the firm exit mass.

Note that the parameter kg, which governs the initial capital stock of reentering firms,
plays an important role in both the recovery mechanism and the determination of firm
leverage. In the event of default, banks recover vk + ky from the defaulting firm’s capital.
I assume that ko is transferred to the household (the shareholder of both firms and banks)
and recycled to finance newly entering firms. This assumption ensures that entry is not
fueled by exogenous resource injections, but rather by reallocating existing capital within the
economy. Consequently, kg directly influences the recovery rate, alongside the parameter v,
which governs the share of physical capital recovered by lenders. Beyond its role in recovery,
ko also affects firms’ leverage decisions: a smaller kq implies lower initial production capacity,
requiring firms to borrow more if they aim to grow quickly. Banks internalize this demand

for external financing and adjust contract terms accordingly.

Banks. I set the capacity constraints parameter s to 0.1 consistent with the ratio between
the tenth biggest bank and the first (see Figure C14 in Appendix C.4.2), in order to mimic the
dominant-fringe market structure observed in the data. While this calibration anchors the
model to an empirical reference point, Appendix B.4 shows that the stationary equilibrium
depends only on the product Bk, and similar aggregate outcomes can be obtained under
alternative configurations that accommodate a longer tail of small banks.

The fixed entry cost Fr for big banks is chosen to match the aggregate profitability of
the banking sector. For simplicity, I assume F}, = k- Fg. Given the small bank capacity
constraint I§ = - [, the small bank value function is proportional: V*(X') = & - V,(X').
Under these assumptions, the entry conditions for big and small banks collapse to the same
condition. Specifically, the small bank entry condition M(X, X’) - V;*(X') > F}, becomes
M(X, X") - Vi(X') > F}/k, which is identical to the big bank entry condition. In stationary
equilibrium, X = X', with B = B’ and B = B’. To anchor the composition of entrants, I
first determine the number of big banks B’ such that adding one more big bank would render

161 also verify numerically that the firm’s equity value remains strictly positive for all firms in the dis-
tribution, hence introducing endogenous firm default in this baseline model would be immaterial under the
current calibration. See Section 7 for an extension that incorporates endogenous firm default.
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entry unprofitable, and then choose the number of small banks B’ to finely adjust the degree
of market competition and match aggregate profitability.

The aggregate profitability of the banking sector is calculated as net operating income
over total interest income, which can be obtained from the Quarterly Income and Expense of
FDIC-Insured Commercial Banks and Savings Institutions.'” In particular, I use the average
of a quarterly time series from 1984 and 2018. To summarize, I target: (i) the profitability
of the banking sector through the fixed entry cost Fpg, (ii) the frequency of equity issuance
through the parameter \g, (iii) the market leverage through the parameter ko, (iv) the re-
covery rate through the parameter v, and (v) the standard deviation of investment rate
through the parameter o,. The model targets a cross-sectional standard deviation of invest-
ment rates of 0.337, in line with other studies; see Khan and Thomas (2013), Clementi and
Palazzo (2016), and Lanteri (2018).'® All remaining moments are untargeted and reported
for validation. Table I summarizes all targeted and untargeted moments.

Table I. STATIONARY EQUILIBRIUM AND ANNUALIZED MOMENTS

Targeted Description Moment Model Data
YES Profit/Revenue my/ [ ri(z, X)lpd® 16.5%  16.2%
YES Freq. of Equity Iss. 4 [(d(z,X) < 0)d® 4.3%  4.2%
YES Market Leverage J(Bly(z, X) + Bl (z, X)) /Vp(z, X) d® 38% 34%
Yos  Std. Investment Rate 2,/ [(i/k)2d® — ([ (i/k)d®)? 0.333  0.337
YES Recovery Rate JZ(vk + ko)/(ZBly(z, X) + IBl (z, X))d®  0.46 0.51
No Capital to GDP K/(4Y) 2.2 2.2
No Investment to K 4I /K 14% 16%
No Debt Adjust. to K JA(BAl(z, X) + BAL (2, X)) d®/K 0.92%  0.62%
No Num. Big Banks B 3 -
No Num. Small Banks B 7 -
No  Std. MPK 2\/ [(Zzake=1)2d® — ([ Zzako—1d®)? 0.16  0.68

Notes: This table reports the targeted and untargeted aggregated annualized moments. Capital
and investment in the data are computed from current-cost net stock of private fixed assets,
retrievable from the U.S. Bureau of Economic Analysis. Loans in the data are computed from the
C&I Loans retrievable from FRED. Leverage in the data is computed as leverage of non-financial
corporate business (debt as a percentage of the market value of corporate equities) also retrievable
from FRED. All moments refers to the average of the yearly time series from 1997 to 2017.

The calibrated model features an economy populated by 3 big and 7 small banks. More
generally, I view the number of banks in the model as a proxy for the degree of strategic
interaction in the market rather than to match the institutional count. See Appendix B.4
for further discussion. Note also that the banking sector in the U.S. is characterized by a
dominant-fringe market structure. As an example, in 2018, the biggest four banks in terms

"https:/ /www.fdic.gov/analysis/quarterly-banking-profile /index.html.
18This is consistent with micro-level evidence from Cooper and Haltiwanger (2006).
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of assets were: (i) JP Morgan Chase & Co with a market share of 14.45%, (ii) Bank of
America Corp. with a market share of 11.73%, (iii) Wells Fargo & Company with a market
share of 11.17%, and (iv) Citigroup Inc. with a market share of 9.32%. The fifth bank was
U.S. Bancorp with a significantly smaller market share of 3.02%, less than a third that of
Citigroup Inc.

The value for the standard deviation of MPK, 0.68, is sourced from David, Schmid, and
Zeke (2022). My model generates, through bank market power alone, a value of 0.16 (~23.5%
of the total). I view the fact that the channel of bank market power can explain a relevant
portion of the standard deviation of MPK but not all of it as natural, as there could be
several other frictions at play as also described by David, Schmid, and Zeke (2022).

5.1 Firm Dynamics in the Stationary Equilibrium

I now describe the key properties of the stationary equilibrium of the calibrated model, with
a greater focus on the role of strategic interactions. Figure 2 reports the relevant stationary
equilibrium policy functions across firms of different ages and productivity levels.

Figure 2. STATIONARY EQUILIBRIUM PoOLICY FUNCTIONS
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Notes: This figure reports the stationary equilibrium policies for loan quantity (left panels), phys-
ical capital (middle panels), and loan interest rate (right panels), across firms of different ages and

productivity levels. The x-axes indicate firm age.

Firms can reach their capital objectives by (i) investing internal resources, (ii) issuing
equity, or (iii) demanding external financing resources on the loan market. A more con-
centrated banking sector reduces the credit availability in the economy. Firms with a high
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marginal productivity of capital and worse outside options, likely smaller or highly leveraged,
exhibit a higher and less elastic credit demand. Therefore, this type of firm is more exposed
to the negative effects of the lack of competition in the banking sector. This is the same
intuition captured by equation (9) in the stylized model of Section 3. Since markups are
endogenous in the cross-section of firms, banks endogenously exert a higher degree of market
power on firms with a high marginal productivity of capital and lower internal resources;
hence, fewer outside options but a higher marginal value from growth. These firms need
banks’ credits and would otherwise incur an equity issuance cost to finance their growth,
in case their current production alone would not be sufficient to sustain the desired level of
physical investment. An imperfectly competitive financial sector internalizes that the same
financial resources are more valuable for firms with a higher marginal productivity of cap-
ital and fewer outside options (e.g., a higher marginal equity issuance cost) and, therefore,
can charge higher markups. This creates a mechanism of endogenous financial friction, as
captured by the central panels of Figure 2.

Through this mechanism, limited competition in the financial sector not only induces
credit misallocation—slowing firm growth—but also lowers aggregate productivity. This
outcome is illustrated in Figure C1. The mechanism aligns with the empirical observation
that firms more dependent on bank credit—such as small and private firms (Holmstrom and
Tirole, 1997, Diamond and Rajan, 2005, Chodorow-Reich, 2013, Saunders, Spina, Steffen,
and Streitz, 2024)—are disproportionately affected by limited competition, while firms with
access to alternative funding sources, such as public bond markets, are less exposed to these
frictions (Chava and Purnanandam, 2011).

As noted by Dempsey (2025), “while commercial banks account for a sizable subset of
total lending in the U.S. economy, other lenders also supply significant amounts of credit.”
While the model can, in principle, be interpreted as referring to financial intermediaries
more broadly, the quantitative calibration focuses specifically on bank lending. Incorporat-
ing non-bank financial institutions into the model could help capture substitution across
credit channels and offer a more comprehensive picture of aggregate credit dynamics. Im-
portantly, the mechanism of endogenous financial frictions described in this section would
remain operative in such an environment. In connection with Figure 2, substitution toward
non-bank finance appears more likely in the middle market segment, where relatively larger
firms have better access to alternative sources of funding.

Figure C2 in Appendix C.1 reports the inverse elasticities n)(z, X, 2’, X') from the gen-
eralized Euler equation (23), evaluated in the stationary equilibrium for firms of different
ages. These elasticities, which are endogenous and depend on current and future firm-level
characteristics, are directly linked to the equilibrium trajectories of markups. A lower inverse
elasticity translates into a higher financial markup. Furthermore, Figure C2 in Appendix
C.1 shows that the higher the concentration of the banking sector, the lower the inverse elas-
ticities and the longer it takes for a firm to reach its efficient level of capital. Under perfect
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competition, the inverse elasticity is constant in the cross-section of firms. Long-lived firms
still experience a non-zero elasticity because of the interaction of bank market power with
the curvature of the household utility function and the presence of a tax shield, so the level

of loan is always well-defined.!?

5.2 Validating the Mechanism

Qualitatively, this mechanism is consistent with stylized fact 3 (“controlling for deal amount
and a proxy for corporate default, smaller firms tend to pay higher credit spreads”), with
parameters of interest reported in Table C7 in Appendix C.4.1. This is qualitatively consis-
tent with the model since, as suggested by the right panels of Figure 2, interest rates (hence,
credit spreads) are bigger for the smaller firms, holding default risk fixed.

Quantitatively, I compare the stationary equilibrium results from Section 5 with the
empirical regression presented in Table C7. It is worth noting that this quantitative analysis
should be interpreted with caution, as the Compustat-DealScan dataset includes public
firms, which are inherently large, whereas the model suggests that smaller firms are the
most affected by market power. Nevertheless, the variation in firm size within Compustat-
DealScan can still be utilized to conduct the analysis.

As presented in Table C1, firms begin with a calibrated initial capital (kq) of 0.237. In
the calibrated oligopoly depicted in Figure 2, ky corresponds to a quarterly credit spread
(relative to perfect competition) of approximately 0.587%.2° Over time, firms grow to their
efficient capital level and ultimately pay the competitive rate, implying that credit spreads
relative to the perfect competition scenario converge to zero. In the calibrated oligopoly
(illustrated by the dashed-red line), this occurs at a capital level of approximately 27.6,
aggregating firms of varying productivity. Therefore, if default risk is held constant as in the
model, regression (1) in Table C7 predicts the subsequent decline in the (annualized) credit

spread:

—0.2535 - [log(26.7) — log(0.237)] —0.0083 - [log(9.8743) — log(B - lo + B - ;)] — 0.0373 - 0

J/

:7‘1,.2% Const. Altman

The second term is negative since, consistently with the model, firms start with zero
loans.?! Hence, the second term contributes to a reduction in interest rates. Thus, focusing
exclusively on the interest rate reduction due to changes in firm size represents a conservative
estimate. For comparison with the model, I divide -1.2% by 4, resulting in a quarterly
rate reduction of -0.3%. Within this range, the model predicts a quarterly credit spread

19Gee Appendix B.2 for further details.

20Under perfect competition, interest rates reflect the risk-free rate plus compensation for default risk,
which is uniform across firms in the baseline model. Thus, credit spreads represent the portion not at-
tributable solely to default risk and, within the model’s framework, are interpreted as markups.

21 Although an exact zero is not feasible in logarithmic terms, the reader can think of small initial values.
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reduction of -0.587%, demonstrating a comparable magnitude. The fact that the model
yields a larger reduction aligns with the observation that the Compustat-DealScan dataset
primarily consists of public firms, which are inherently larger and therefore less impacted by

market power, consistent with the model’s predictions.

5.2.1 Relationship to the Empirical Literature

An extensive body of empirical research has explored the impact of bank competition on
firms, with seminal works by Rajan and Zingales (1998), Black and Strahan (2002); Ce-
torelli and Gambera (2001); and Cetorelli and Strahan (2006). While evidence varies, the
consensus aligns with my model, indicating that banks’ market power reduces the total credit
available, though the effect differs across firms. Young firms face higher credit demand and
are more affected by limited competition (see, Freixas and Rochet, 1997). The less com-
petitive the conditions in the credit market, the lower the incentive for lenders to finance
newcomers as documented by Petersen and Rajan (1995) and Cetorelli and Strahan (2006).
Although my model does not focus on capturing complex features of relationship banking,
the desire for inter-temporal smoothing of banks’ profits and households’ consumption —
embedded in the dynamic contract of equations (15), (16), and (23) — captures the fact that
creditors, when contracting markups, take into account the expected stream of future divi-
dends of the firms, as well as their own future profits. Hence, in my model, banks balance
markups intertemporally in the spirit of relationship lending. This important economic force
is consistent with Petersen and Rajan (1995) and Cetorelli and Strahan (2006).

6 Aggregate Shocks

This section analyzes the role that banks’ market power plays in the transmission of macroe-
conomic shocks. The section includes three unexpected aggregate shocks: (i) a decrease to
aggregate TFP combined with an increase to the aggregate firms’ default probability, (ii)
a temporary change to the bank market structure (in the model, the first shock combined
with an idiosyncratic shock to the assets of the big banks calibrated to push one bank to
default), and (iii) a permanent change to the bank market structure (in the model, the
second shock combined with a permanent increase to the fixed cost Fg to enter the banks’
market, calibrated to push one bank to default without a subsequent new bank reentry on
the equilibrium path).

I compute the transitional dynamics of the model initialized at the stationary equilibrium
as defined in Section 5. Then, I hit the economy with the unexpected aggregate shocks and,
depending on the type of shock, the economy converges to the old (or a new) stationary
equilibrium in the long run. Several papers assume agents did not foresee the aggregate

shocks of the Great Recession (e.g., Guerrieri and Lorenzoni, 2017). Along the transitional
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dynamics, after the shock, I assume all agents can perfectly foresee the paths of all aggregate
variables. In order to compute the equilibrium dynamics, I find sequences of: (i) aggregate
consumption {C;}L, and (ii) firms’ distributions {¢(z¢)}.,; such that households maxi-
mize utilities, all markets clear in each period and the firms’ distributions evolve according
to: (i) the firms’ policy functions, (ii) the banks’ generalized Euler equations (23) and (iii)
the idiosyncratic default shocks.

6.1 A TFP Shock

This section investigates the effects of banks’ market power when the economy is hit at time
t = 0 by an unexpected negative aggregate TFP shock of 2.5% (in correspondence of which
the quarterly firms’ survival probability p decreases by 0.7%) as shown by Figure C4 in
Appendix C.1. The shock is calibrated to match the size of the Great Recession.

Figure 3. TFP SHOCK, FINANCING, AND REAL ACTIVITY
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Notes: This figure reports the transitional dynamics of: (i) the aggregate loans B [l ¢(z¢, X;) d®y,
(ii) the annualized aggregate interest rate [ ry,(w;, X;)d®,, (iii) the annualized aggregate in-
terest rate spread calculated as the difference between the annualized aggregate interest rate
Jrie(wy, X)) d®, under the calibrated oligopoly and the annualized aggregate interest rate
J rlF:tC (74, X¢) d®FC under perfect competition, (iv) the aggregate banks dividend Zf:tl Tot, (V)
the annualized aggregate firms dividend [ d;(z¢, X¢) — A(di (w4, X)) APy, (vi) the aggregate physical
investment ( [ 4¢(z¢, X;) d®;)/( [ ke dP;) net of depreciation (quarterly), (vii) the aggregate capital
J ki d®; and (viii) the aggregate output (normalized to remove the exogenous component Z; to
isolate the effects on the endogenous component) [ k¢ (z¢, X) d®,, following the TFP shock re-
ported in Figure C4 in Appendix C.1. X-axes report time ¢.

Note that the banks entry condition (30) and the banks exit condition (19) must hold
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during the transition. Given the calibration of Table I, this shock does not induce any new
bank to enter or an incumbent bank to exit. Figure 3 reports the dynamic responses calcu-
lated (i) with the calibrated oligopolistic banking sector of Section 5 (solid line) and (ii) with
the corresponding perfectly competitive banking sector (dashed line). As discussed in Sub-
section 5.1, a more concentrated banking sector can extract higher rents out of the financially
constrained firms with a high marginal productivity of capital. In the stationary equilibrium,
this mechanism endogenously creates slower growth trajectories as a function of the banks’
market structure. In the dynamics, this mechanism of endogenous financial frictions interacts
with the higher density of financially constrained firms, generating a higher credit demand
that drives up markups as shown in Figure 3.% Therefore, during the transitional dynam-
ics, interest rates rise more under oligopolistic competition than under perfect competition.
Moreover, total loans rise under oligopolistic competition. Banks exploit their market power
not only to extract higher markups, but also to prevent their profits from falling as much as
in the perfectly competitive case. When the shock hits, banks incur large losses and require
an equity injection from households (i.e., a negative bank dividend). Nevertheless, the shock
is calibrated to ensure that no bank defaults in equilibrium, as Vb = {1,..., B} : f/bp >0
and Vb ={1,...,B}: \N/bfo > (0, where ‘71;,0 and ‘N/bfo denote the time-0 value functions of large
and small banks, respectively.

In summary, in such conditions, a concentrated banking sector exploits its market power
to extract higher interest rates. This mechanism induces a larger decline in real activity in
terms of aggregate investment, capital, and output. Finally, note that the decline in real
activity captured by Figure 3 further constrains firms by restraining households’ capacity
to support firms with equity issuance (the aggregate firms’ dividend declines). This mecha-
nism creates a vicious cycle that further reduces the interest rate-quantity loan elasticities
n(z, X, 2, X') and boosts banks’ interest rates. Throughout the paper, I assume that the
mass of defaulting firms is replaced, at each date t, by an equal mass of new entrant firms.
In Subsection 6.2, I examine the effects of an entry rate temporarily below the exit rate, as
occurred during the Great Recession.

6.2 The Effects of the Firms’ Entry Rate

During the Great Recession, the firms’ default rate increases but not all firms immediately
re-enter the market. In this section, I let the mass of exiting firms evolves according to the
evolution of the default rate in the shock reported in Figure C4 in Appendix C.1. Differently
from before, 1 keep the entering mass of firms initially lower than the exit mass of firms
and higher after 10 periods. The entry rate, along the shock, is calibrated so that the mass

22This is consistent with the idea that firms more dependent on external funding via bank loans, such as
small and private firms, can become more financially constrained when credit conditions tighten (Holmstrom
and Tirole, 1997; Diamond and Rajan, 2005; Chodorow-Reich, 2013; Saunders, Spina, Steffen, and Streitz,
2024).
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of firms in the production sector drops in the short-run by about 1 percent and returns to
mass 1 in the long-run. In Figure C3 in Appendix C.1, I refer to this type of shock with
the label Variable Entry Mass. In contrast, the label Entry Mass = FExit Mass refers to
the shock already analyzed in the previous Subsection 6.1, whose effects on real activity are
reported in Figure 3. Figure C3 suggests that, when the firms’ default rate increases but
not all firms immediately re-enter the market, then imperfect competition in the financial
intermediation sector leads to a bigger and delayed amplification effect at the peak that
fades away as new firms enter the production sector. The intuition is linked to the economic
mechanism discussed in Subsection 6.1. Banks can extract higher interest rates for longer
as firms slowly re-enter the production sector (as shown by the left panel of Figure C3). A
concentrated banking sector extracts higher rents out of the financially constrained firms
that slowly re-enter the market and need credits. Output eventually converges back to its

pre-shock level as the mass of producing firms reverts back to 1.

6.3 Changes in Bank Market Structure

One salient ingredient of my framework is the presence of non-atomistic financial intermedi-
aries. Thanks to this feature, I can study market structure changes, such as a bank failure,
and a bank reentry. The economy is hit at time ¢ = 0 by the same shock of Subsection 6.1,
which is reported in Figure C4 in Appendix C.1. Furthermore, I introduce an idiosyncratic
shock ¢ to the assets of the banks such that equation (20) becomes:

W,i‘:(1—@()-/I~7’l~l,’fdj—|—7’MMg‘—rDD;f—FX. (32)

I calibrate the shock so that it is rational for one big bank to default on the equilibrium
path at time ¢ = 0. In particular, the shock is such that V¢ : {f = 0 (small banks) and
(o = 0.016 (big banks) and then it reverts back to 0 linearly with a persitence calibrated
consistently with that of the TFP shock. In Subsection 6.4, I report the resulting equilibrium
path which includes a new bank entry at time t = 21. This is in line with the events of
the Great Recession, during which there were numerous bank failures, bailouts, as well
as significant failures and mergers involving major banks (e.g., the bankruptcy of Lehman
Brothers, the collapse of Washington Mutual, and the acquisition of Wachovia by Wells Fargo
in 2008). Additionally, the Great Recession was marked by a general trend of consolidation
in the banking market structure, accompanied by a sharp decline in new bank entries since
2009. In order to mimic the collapse in bank entry and the long run trend of market structure
consolidation of the banking sector, in Subsection 6.5, I combine the shock of Subsection 6.4
with a permanent increase in the fixed cost to entry F, so that it is not profitable for a new
bank to enter the credit market along the equilibrium path.
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6.4 Bank Failure and Banks’ Market Power

In this subsection, the fixed cost to entry F is held fixed throughout the dynamics, allowing
one bank to enter the credit market along the equilibrium path. At ¢t = 0, when the shock
hits, one incumbent big bank decides to exit since %70 < 0 and the market structure changes
temporarily from 3 big banks and 7 small banks to 2 big banks and 7 small banks. Note that
the shock is calibrated such that exactly one big bank chooses to default; that is, when one
bank exits at ¢t = 0, the value functions of all remaining banks become positive.?* Addition-
ally, since all large banks are identical, any of them could potentially default. It is immaterial
for the equilibrium dynamics which specific bank defaults because, due to symmetry, any
default scenario would yield identical equilibrium outcomes. The equilibrium path is deter-
mined by the fact that, given it is optimal for exactly one bank to default—regardless of

which one—it is also optimal for the remaining banks to continue operating.
Figure 4. BANK DEFAULT AND REENTRY, FINANCING, AND REAL ACTIVITY
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Notes: This figure reports the transitional dynamics following the TFP shock reported in Figure C4
in Appendix C.1. At ¢t = 0 (on impact) one incumbent big bank exits. At ¢ = 21, it is profitable
for one big bank to enter the market given that the fixed cost Fg held fixed at its stationary

equilibrium value. X-axes report time ¢.

At t = 21, it is profitable for a new bank to enter the credit market given the fixed
cost Fg has not changed. Hence, the market structure changes back from 2 to 3 big banks.
Figure 4 reports the resulting dynamics. At the beginning of period ¢t = 0, when one bank
decides to exit, non-defaulting firms fully repay their outstanding loans to all banks, including

23This requires solving for the unexpected shock multiple times and checking the resulting value functions
under different market structures.
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the exiting bank. To prevent the destruction of assets, the defaulting bank liquidates its
remaining assets, distributing them to the household as dividends. All loans are repaid prior
to the change in market structure, as agents only trade one-period securities. Following
the change, all agents make decisions in accordance with the new market structure. When
a big bank fails, the surviving banks start to slowly extend more credit to firms in order
to partially capture the market share of the defaulted bank. However, the speed of this
adjustment is dampened by the decreased level of competition among surviving banks. The
surviving banks’ market power interacts with credit constraints, yielding a sharp drop in the
aggregate volume of credit in the short run with interest rates that quickly increase after the
initial drop. Moreover, banks lower credit supply in anticipation of the new bank’s entry.
The credit crunch propagates into the real economy, yielding a sharp and persistent drop in
investment; hence physical capital and output. The entry of the new bank at t = 21 requires
an initial equity injection from households (i.e., a negative bank dividend). The resulting
expansion in credit supply increases loan availability and lowers interest rates, which raises
firms’ aggregate dividends. Investment in physical capital also temporarily rises, bringing
capital and output back to their pre-default levels.

6.5 A Permanent Change in Bank Market Structure

In this subsection, I combine the shock of Subsection 6.4 with a permanent increase in the
fixed entry cost Fg, so that it is not profitable for a new bank to enter the credit market
along the equilibrium path.

Figure 5. BANK DEFAULT, FINANCING, AND REAL ACTIVITY
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Notes: This figure reports the transitional dynamics following the TFP shock reported in Figure
C4 in Appendix C.1. At t =0 (on impact) one incumbent big bank exits. X-axes report time ¢.
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When the market structure of the banking sector changes permanently, the model cap-
tures two ideas: (i) in the short term, the effects of market power of the surviving bank
contributes to lowering the supply of credit to firms, further slowing down the economy and
(ii) in the long run, the heightened banks’ market power further contributes to amplifying
and prolonging the recession. Figure 5 reports the resulting dynamics. Because of the general
equilibrium effects and the reduced level of competition, in the long run, the economy stabi-
lizes at a lower level of volume of credit, which results in less investment, capital, and output.
Subsection 6.6 discusses the dynamic effects on the dispersion of loan rates (associated with

the dispersion of marginal products of capital) and aggregate TFP.

6.6 Dispersion of Loan Rates and Aggregate TFP

In this subsection, I study the effects on the dispersion of loan rates and aggregate TFP of the
shock of Subsection 6.5. The dynamic financial oligopoly combined with heterogeneous firms
generates firm-level endogenous financial frictions that create time-varying second moments,
such as the dispersion of loan rates (directly linked to the dispersion of marginal products
of capital) and aggregate TFP. The left panel of Figure C8 in Appendix C.1 reports the
dynamic of the standard deviation of loan rates, expressed in percentage levels. The right
panel of Figure C8 reports the associated aggregate TFP (calculated as the residual of an
aggregate production Y; = TFP, - K;*). Both measures are calculated as difference from the
perfectly competitive benchmark.

In agreement with empirical evidence (e.g., Bloom, Floetotto, Jaimovich, Saporta-Eksten,
and Terry, 2018 and David, Schmid, and Zeke, 2022), the model produces a dynamic with
an increasing dispersion of loan rates during recessions; hence, an increasing dispersion of
marginal productivity of capital. Figure C8 also suggests that the failure of a large bank
induces a small but persistent decline in aggregate TFP.

6.7 Comparison with the Great Recession

Figure 6 shows that the model dynamics of Subsection 6.5 are broadly consistent with those
of the Great Recession. For example, in the aftermath of the financial crisis C&I credit
spreads increased at the peak by 1.5 percentage points (annualized). As shown in the second
panel on the left, the model suggests that, at the peak, approximately 0.15 percentage points
and 0.25 percentage points of these credit spreads are attributable to financial markups
(calculated with and without bank default, respectively). Moreover, the model captures a
drop in investment rate similar in magnitude to that of the Great Recession, and a persistent
drop in capital (around 2% at the peak) and output (around 1% at the peak).
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Figure 6. MODEL vS. THE GREAT RECESSION
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X-axes report time ¢, expressed in quarters for the model (left column).

The resulting increase in banks’ market power amplifies and prolongs the recession, which
is suggestive that banks’ market power may have played a significant role in amplifying and
prolonging the crisis. The figure also depicts the dynamics of total loans. Around the onset
of the Great Recession, total loans decline in the model following a bank failure, in line with
the empirical evidence. Without bank reentry, total loans remain persistently depressed as
the economy converges to a permanently lower level of total credit. In contrast, as shown
by Figure C6 in Appendix C.1, when endogenous bank reentry occurs along the equilibrium
path, banks reduce lending by less in response to a failure—anticipating future reentry—and
the reentry itself restores total loans to their pre-crisis steady state. In this sense, bank

reentry helps generate total lending dynamics that more closely align with those observed in

the data.

38



7 Bank Market Power and Endogenous Firm Default

In this section, I extend the model to allow banks’ market power to interact with firms’
default decisions. Banks strategically internalize the effects of their choices on both current
and future firm defaults, while also interacting strategically with other banks. This problem
is particularly challenging, as it features a non-differentiable dynamic demand for loans,
which renders the Markov Perfect equilibrium non-differentiable and precludes the use of the
generalized Euler equations approach. I address this challenge using dynamic discrete choice
methods, which yield smooth decision rules and restore differentiability. Similar methods
have long been used in various areas of economics (e.g., McFadden, 1977), including industrial
organization and, more recently, the sovereign default literature.?* Following this approach,
I introduce shocks to firms’ outside option values, assumed to follow a logistic distribution.
I then derive the generalized Euler equation that captures the interaction between banks’
market power and firms’ default behavior.

7.1 Firms

The value function Vg(x, X) of a firm satisfies the following functional equation:

Vi(z, X) = max d—XNd)+E[Z - M - Vp(2', X")|(z, X)], (33)

R TIE

where, at the beginning of each period, each firm decides whether to default or not Z¢ =
{0,1}, so that the function Vr(z, X) satisfies the following functional equation

Ve(z,X) = max {VF(:E,X), e} = Idrilf;i()xu ¢ Vp(z, X) + (1 — 7% - ¢, (34)
where the outside value shock € follows a logistic distribution with mean zero and scale
parameter ( Vi, and Vp > 0 is the average firm equity value in the stationary equilibrium
used for normalization. All firms’ constraints are identical to those specified in Section 4.

Use equation (34) to evaluate the expectation of the value function with respect to the
outside value shocks:*®

~ _ _-1Vp@X)
Ef[Vi(ar, X)] = Vi (2, X) + (V- In (1+e G ) (35)

24Recent relevant contributions include Chatterjee and Eyigungor (2012); Dvorkin, Sanchez, Sapriza, and
Yurdagul (2021); and Chatterjee, Corbae, Dempsey, and Rios-Rull (2023).
25See Appendix B.3 for mathematical details.
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From equation (35) it follows that

OE [V (z, X)] 1 T
OVip(z, X) Z4(Ve (2, X)), (36)

—¢-1 VE(@.X)

1+e VF

is the logistic function which, intuitively, corresponds to the probability of a firm not de-
faulting (Pr[Z?¢ = 1|(x, X)]) given all possible realizations of the exit value shocks.

Figure 7. FIRM EXPECTED VALUE WITH LOGISTIC SHOCKS
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Notes: This figure reports the firm expected value and its derivative for decreasing values of (.

Figure 7 illustrates the intuition behind equations (35) and (36). It shows how this
smooth, differentiable formulation nests the textbook case—where shareholders’ outside op-
tion is deterministically zero—and converges to it as the scale parameter ( approaches zero.
I provide a formal proof in Proposition II presented in Appendix B.3. The left panel plots
the normalized expected equity value E*[Vp(z, X)] /Vi from (35) against Vp(z, X)/Vp. The
right panel shows the corresponding solvency probability 74 i.e. the logistic CDF, as a func-
tion of Vp(x, X)/Ve. In both panels the solid curve is ¢ = .128 (the calibrated value as
described in the next subsection) and the dashed curve is ¢ = .5. Thanks to its “softmax”
form, the mapping remains everywhere differentiable but collapses to the textbook indica-
tor as ¢ — 07. Equation (36) is handy to compute envelope conditions. The first-order
condition with respect to k' is:

1= Aald) = B [M/(X,X') - T TV (', X)) - (14 (1= 7)('ak’ ™" = 6)) - (1= Xa(@))](@, X) |, (37)

where V}, is shorthand notation for Vi(2', X”). The first-order condition with respect to [’
1s:

1= Aa(d) =B [M(X,X') - T TVl X)) - (L (1= 7)) - (1= M), X) | (38)

Expressions (37) and (38) are key to derive generalized Euler equations which, in turns, are

essential to characterize the banks behavior in a computationally tractable way.
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7.2 Banks

The decision problem for a new entrant is identical to that in the baseline model. The decision
problem for an incumbent bank now leads to modified generalized Euler equations that take
into account the sensitivity of banks’ decisions on firms’ default decisions. Similarly to the
baseline model, given other banks contracts {D’ ,, 7} and {I' ,(x, X), 1%,/ (z, X),r](x, X)},
a bank b best responds with a contract {Dj}, 7}, {l}(z, X),l§'(z, X),r)(z, X)} that satisfies
the functional equations (18) and (19) subject to: (i) equation (17), (ii) the household’s
interest rate-quantity schedule jointly defined by equations (13) and (14), (iii) each firm’s
interest rate-quantity schedule which, in the extension, is jointly defined by equations (37)
and (38). Each big bank’s best response function satisfies the following generalized Euler

equation:

!/ /
1= IE[I’ M- (D(x,X, o, X') + T, X') - (1 + %%];l> ) : Rﬂ(a:,X)} : (39)

1 9%
This equation further generalizes equation (23). For the sake of clarity, equation (39) is
reported without the marginal recovery rate, which can be added similarly to equation (23).
Also, a similar GEE arises for small banks, in the spirit of equation (24). The inverse
elasticity can be computed with similar steps as in Subsection 4.4.2. When firms’ default
decisions are endogenous, a bank internalizes the impact that an additional unit of loan has

on each firm’s default decision according to

dZ4(V})
avy,

OR,
ol

V' D(x, X, 2, X') = A Vg, (2, XY - 1)+ Vi, (2, X)

Note that when firms’ default is treated exogenously, the term dzjg,% ) is zero and equation
F

(39) collapses to equation (23). The term D(.) captures the strategic behavior of a bank
that internalizes the marginal effects that an additional unit of loans has on the firm’s future
equity value and future default decisions. I set p = 1 — 0.21%/2 to maintain an effective
level of default shocks in the stationary equilibrium. Hence, the new relevant parameter to
calibrate is ¢, which I use to target an annual default rate of 0.84%.

First, I calibrate the stationary equilibrium to target: (i) the profitability of the banking
sector through the fixed entry cost Fpg, (ii) the frequency of equity issuance through the
parameter )Xo, (iii) the market leverage through the parameter kg, (iv) the recovery rate
through the parameter v, (v) the standard deviation of investment rate through the parame-
ter o, and (vi) the default rate through the standard deviation of the outside value shocks (.
All parameters resulting from the calibration process are reported in Table C2 in Appendix
C.1, where the new parameter ( is calibrated to be 0.128. All the corresponding aggregate
stationary equilibrium moments are reported in Table C3 in Appendix C.1.
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Figure 8. STATIONARY EQUILIBRIUM PoLICY FUNCTIONS
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Notes: This figure reports the stationary equilibrium policy functions when firms can endogenously

default (the counterpart in the baseline model is Figure 2). X-axes report the firms’ age.

Figure 9. TFP SHOCK, FINANCING, AND REAL ACTIVITY
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Notes: This figure reports the transitional dynamics when firms can endogenously default (the
counterpart in the baseline model is Figure 3), following the TFP shock reported in Figure C4 in
Appendix C.1. X-axes report time ¢.

Figure 8 reports the stationary equilibrium policy functions, which are qualitatively sim-
ilar to that of the baseline model. Additionally, as shown by Figure 8, the firms that are
more financially constrained, and subject to banks market power, are also the ones with a
higher default risk. Second, I hit the economy with the same unexpected shocks of Sub-
section 6.5 and compare the dynamics. Figure 9 reports the transitional dynamics when
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firms can endogenously default following the TFP shock reported in Figure C4 in Appendix
C.1. Figure C12 in Appendix C.3 complements Figure 9 and also reports the endogenous
response of the aggregate firms’ default rate along the shock. The resulting dynamics are
qualitative comparable to the baseline model. Quantitatively, the effects of bank market
power are slightly amplified.

8 Conclusion

This paper introduces a new macroeconomic model that examines the role of banks’ mar-
ket power on firm dynamics, motivated by rising concentration and markups in the U.S.
banking sector. Incorporating oligopolistic banks and firm heterogeneity, the model formal-
izes how banks’ market power varies across firms with different characteristics, impacting
firm growth, aggregate productivity, and output. The model shows that limited competition
enables banks to charge firm-specific markups, disproportionately affecting productive finan-
cially constrained firms and dampening growth. Bank market power amplifies the effects of
macroeconomic shocks, as banks extract higher markups during crises, thereby dampening
capital accumulation, and intensifying declines in real activity. Following a major bank’s
failure, surviving banks use their increased market power to restrict credit supply, deepen-
ing the economic downturn. These findings suggest that policymakers should consider the
interaction between banks’ market power and credit constraints as an additional rationale
for supporting large banks, beyond traditional concerns like preventing bank runs.
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APPENDIX (For Online Publication)

This online appendix is organized as follows. First, Appendix A is the computational ap-
pendix that contains details about the algorithms to solve for (i) the stationary equilibrium
(ii) and the transitional dynamics (both for the baseline model and the extension). Second,
Appendix B contains mathematical details. Third, Appendix C contains additional material.

A Computational Appendix

In this section, I describe the algorithms to solve both the stationary equilibrium and the
dynamics with the MIT shocks. I highlight the novel methodology to solve for both General
Equilibrium and strategic interactions. Since banks optimize over the optimal choices of the
firms, solving this problem using value function iteration (VFI) would require to nesting two
value function iterations inside each other and iterating on the nested value function system
given guesses for the aggregate dynamics. Moreover, accounting for strategic interactions
with value function iteration would require to solving this system of two nested VFIs given
other banks’ strategies and finding the fixed point of the resulting policies. This brute
force approach is clearly not viable. To avoid this, I use projection methods jointly on
the generalized Euler equations (23) and the loan firms optimality conditions (15) and (16).
Hence, I leverage the fact that the elasticities can be calculated applying the implicit function
theorem as described in Subsection 4.4.2. Note that several aggregate quantities are not only
contained in the discount factors, but also in the elasticities of the generalized Euler equations
(see Subsection 4.4.2). In order to account for strategic interactions and solve the generalized
Euler equations (which can also be interpreted as best response functions), I impose ex-post
symmetric strategies between banks after calculating the elasticity as described in Subsection
4.4.2; hence, I proceed to calculate the root of the resulting equation, given current state
variables, as any other Euler equation.?®

The algorithms to solve for the stationary equilibrium and the transitional dynamics in
the extension of Section 7 are similar to those of the baseline model except that they require
additional guesses to account for the firms’ default policy functions and their derivatives,
consistently with the equations presented in Section 7. This also implicitly requires to guess
the distribution of the firms over age and productivity since, in the extension, it is not fixed

ex-ante but depends on the equilibrium firms’ default decisions.

A.1 Oligopolistic Stationary Equilibrium

Here are the main steps to solve for the oligopolistic stationary equilibrium (see Definition

4.1). Create grids K = [0,ky,....k], £ = [0,lp1,..., 5, z], and Z = [z, 21, ..., Z]. For each
value of z creates a correspondent probability P, (z) consistently with the discretization of a

26This is equivalent to finding the fixed-point of the banks’ strategies.
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Gaussian probability distribution function with mean 1 and variance o2. Initialize the policy
functions for investment, loan, and interest rate to the solution of the corresponding steady-
state model without firms heterogeneity; i.e., V(k,lp,2) € K x L x Z, 1} (k,ly,2) = [;(2),
K'(k,lp, z) = k*(2), Rj(k,ly,z) = Rf(2). Create an iterator j and set j = 0; hence, proceed
as follows.

1. Guess the numbers of big and small banks B’ =1 and B’ = 1, an aggregate consump-
tion CV = [ ddd + ij T+ ZbBJ 7y (e.g., use the steady-state consumption calculated
without firm heterogeneity).?”

2. Create an iterator w and set w = 0.

(a) Start with guessed policy functions k™ (k, ly, 2), [, (k, I, 2), and R, (k, l,, z), whose
derivatives are contained in the elasticity 1] of equation (23). For every z, solve
over age the firms’ first-order conditions (15) and (16), and the generalized Euler
equation (23), given the guessed policy functions. The elasticity 7; of equation

(23) is calculated according to equations (26), (27), (28), (29) and the condition
of symmetry among bank’s strategies [**! = ... = [,*Tt = = [#*! which is
imposed ex-post. The elasticity 1] contains not only the derivatives of the afore-
mentioned policy functions but also the distribution values inside the derivative of
aggregate consumption. Given that the distribution is fixed over age, with p = p,

simply use the probability density function over age ¢(age, z) given by

page
¢(age, z) = P.(2) 5

Zage:ﬂ page

(b) Start from age = 0 and simulate the policy functions up to age N.

(¢) Project the simulated policy functions over age (representing the life cycle of a
firm) onto (k, 1, 2) to determine k"t (k, l, 2), L2+ (k, Iy, 2), and BT (k, 1y, 2).

(d) If the policy functions converged (i.e., max(sup |k k™|, sup [, =[], sup | R, T —
R™|) < ¢€) proceed to step 3. Otherwise, set w = w + 1 and restart from step 2.

3. Compute the implied aggregate consumption C'*1 according to equation (11).

4. Tf the aggregate consumption converged (i.e., |C7*1 — (Y| < €) and the number of banks
B’ an B’ is such that there is no incentive for an additional bank to enter the market
as per equations (30) (these are two equations one for the big and one for the small
banks), the program terminates. Otherwise, set j = j + 1, update B/™' = B/ + 1
and B! = B7 4+ 1 in order to satisfy equations (30) and restart from step 2. Use a

27Note that the aggregate dividend D7 is contained in the elasticity 7, of equation (23).
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quasi-Newton method to correct the guess of the aggregate consumption €7, given the
implied aggregate dividend C7*1.28

A.2 Transitional Dynamics

The economy is initially in its stationary equilibrium when all agents discover a sudden
change in a model parameter at ¢ = 0. In order to compute the equilibrium dynamics, I
need to find sequences of: (i) aggregate consumption {Cy}L, and (ii) firms distributions
{¢+(x)},; such that the representative household maximizes its utility, all markets clear in
each period and the firms distributions evolve according to: (i) the firms’ policy functions, (ii)
the incumbent banks generalized Euler equations and (iii) the idiosyncratic default shocks.
First, compute the two stationary equilibria associated with the configuration of parameters
before and after the shock, as described previously.?” Second, create an iterator j and set
j = 0; hence, proceed as follows. Note that if there is a big (or small) bank (or banks)
default on impact, i.e. ¢ = 0, than the transitional dynamics could include a new big (or
small) bank (or banks) entry on the equilibrium path (this depends on on the fixed entry
cost). This requires to repeat this procedure several times to find the date ¢ that satisfies the
entry condition (30). In principle, this requires to guess a sequence {B;}’_, and {B;}.,. In
practice, since the idiosyncratic big bank shock described in Subsection 6.3 is calibrated to
induce one and only one big bank to default, I know that only one big bank entry will occurs
on the equilibrium path, given that the fixed entry cost is held at its stationary equilibrium
value and there are no permanent parameters changes, eventually all shocks fade away and
the economy will converge to the initial stationary equilibrium pre-default. Hence, I can
solve the transitional dynamics several times till I find the new bank entry’s date. Similarly,
solving for the transitional dynamics with a big bank exit on the equilibrium path, it requires
to solve this transitional dynamics several times till the shocks in question induce the value
functions of the big banks to fall below zero on impact. Hence, re-solve with B — 1 big
banks and check that the value functions of the big banks is now positive on impact, given
the rest of the equilibrium is solved consistently with all equilibrium conditions (including a
potential bank entry at some time ¢ on the equilibrium path).

Given exogenous sequences for all shocks, create an iterator ¢ and set t = T — 1 and
proceed as follows.

1. Guess a sequence of aggregate consumption {Ct] .m0

2. Guess an entire path of policy functions {k*/(k, I, 2), l,bt’j(k:,lb, ), R;t’j(k‘, Iy, 2) Vg

280r simply update the guessed consumption using the implied consumption with a dampening parameter,
similarly to the update of the policy functions.

29Tf there are not permanent change to the parameters, the two stationary equilibria coincides.

30T should be long enough, so that after the shock the economy converges to its long-run stationary
equilibrium. In this paper, I use T=40 quarters.
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This guesses are needed since the derivatives of the policy functions are required to
solve for the policy functions themselves. A potential guess is given by the ending

stationary equilibrium policy functions.

3. Solve the policy functions backward from t = T — 1 to t = 0 given the guesses.
The policy functions at t = T', are the ones associated with the ending stationary

equilibrium, previously calculated. At each time t proceed similarly to before.

(a) Given all guesses and the ending stationary equilibrium policy functions solve
over time and age (and for every z) the firms’ first-order conditions (15) and (16),
and the generalized Euler equation (23). As before, the elasticity 7] of equation
(23) is calculated according to equations (26), (27), (28), (29) and the condition
of symmetry among bank’s strategies I} = ... = [,' = ... = [}}, which is imposed
ex-post. At each point ¢, the elasticity n; contains not only the derivatives of
the aforementioned policy functions but also the distribution values inside the
derivative of aggregate consumption. Given that the distribution is fixed over age
and time (given a level of productivity), use the probability density function over
age, which is now time-varying

age

p
di(age,2) = P(2) o
Zage:O Pt

4. Now, start from ¢t = 0 and iterate forward up to t = T. At each time ¢, start from
age = 0 and simulate the time ¢ policy functions up to age N. This yields a mapping
between age and (k, [, 2).

5. For each time ¢, compute the implied aggregate consumption Cg 1 according to equa-
tion (11) and the implied path of policy functions {k*1(k, I, 2), l;f’jﬂ(k, Iy, 2), R;t’jﬂ(k, b, 2) Y=g

6. If the sequences for aggregate consumption converged; i.e.,
- ‘
sup{|C/™" — O} < e

and if the sequences of policy functions converged; i.e.,

/- 1511 /s 1511 /s
max(sup{|k/ " — kj|}tT:07 sup{ lbj,;— - lbj,t|}tT:07 SUP{|Rl,jt+ - Rl,Jt|}tT=0) <6,

the program terminates. Otherwise, set 7 = j+1, update the guessed with a dampening
parameter, and restart from step 3.
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A.3 Oligopolistic Stationary Equilibrium with Banks’ Market Power
Interacting with the Firms’ Endogenous Default Decisions

Here are the main steps to solve for the oligopolistic stationary equilibrium when firms

make endogenous default decisions (see Section 7). Create grids K = [0, ky,...,k], £ =
0,lp15 -, Iy 1), and Z = |29, 21, ..., Z]. For each value of z creates a correspondent probability

P.(z) consistently with the discretization of a Gaussian probability distribution function with
2

rate to the solution of the corresponding steady-state model without firms heterogeneity;
Le, V(k,lp,2) € Cx Lx Z, Uk lp,2) = l;(2), K(k 1y, 2) = k*(2), Rj(k,ly,2) = R (2).
Create an iterator j and set j = 0; hence, proceed as follows.

mean 1 and variance oZ. Initialize the policy functions for investment, loan, and interest

1. Guess the numbers of big and small banks B’ =1 and B’ = 1, an aggregate consump-
tion CV = [ ddd + ij T+ ZbBJ 7y (e.g., use the steady-state consumption calculated
without firm heterogeneity).

2. Create an iterator w and set w = 0.

(a) Start with guessed policy functions k™ (k, Iy, 2), [, (k, I, 2), and R, (k, l,, z), whose
derivatives are contained in the elasticity 7, of equation (23). Also guess the value
function of each firm at every age; i.e., V% (age, 2).%" A guess for the value func-
tion is needed to find the distribution over age, which depends on default and
its values are contains in the Generalized Euler equation elasticity. For every z,
solve over age the firms’ first-order conditions (37) and (38), and the generalized
Euler equation (39), given the guessed policy and value functions. The elastic-
ity n; of equation (39) is calculated using the implicit function theorem similarly
to equations (26), (27), (28), (29) and the condition of symmetry among bank’s

==t = =y

strategies , which is imposed ex-post. Similarly
to the case without firms’ endogenous default, the elasticity n] contains not only
the derivatives of the aforementioned policy functions but also the distribution
values inside the derivative of aggregate consumption. Differently from the case
without firms’ endogenous default, the distribution over age is not just fixed by
parameters values but also depends on the endogenous default decisions. Hence,
start from age = 0 and simulate using the guessed value function to determine
the default decisions up to an age N in order to find ¢(age, ). These values are

needed in the calculations of 7, of equation (39).

(b) Start from age = 0 and simulate the policy functions up to age N. Calculate the

implied value function VF%+1(age, z).

31A good guess is the corresponding steady-state value function without firms heterogeneity.
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(c) Project the simulated policy functions over age (representing the life cycle of a
firm) onto (k,l, 2) to determine k™ +1(k, Iy, 2), 1,2+ (k, Iy, 2), and R“F(k, 1y, 2).
Recall that these projected policy functions are needed to compute the deriva-
tive of the policy function inside the inverse elasticity of the Generalized Euler
equation. Note that there is no need to project the VE*+1(age, z) into (k, 1, z)
since this is not needed, the derivatives of the default decisions do shop inside
the inverse elasticity of the Generalized Euler equation but can be partially com-

puted analytically using the envelope theorems and expressed as functions of the
derivatives of k"t (k,ly, 2), [,° "1 (k, Iy, 2), and R (k, 1, 2).

(d) If the policy functions converged (i.e., max(sup |k —£"|, sup |10 —lé,“’ |, sup | R —
R™|) < €) and the value function converged (i.e., max(sup [V v+t — VEw]) < ¢)

proceed to step 3. Otherwise, set w = w + 1 and restart from step 2.
3. Compute the implied aggregate consumption C*! according to equation (11).

4. If the aggregate consumption converged (i.e., |C?Tt — (Y| < €) and the number of banks
B’ an B’ is such that there is no incentive for an additional bank to enter the market
as per equations (30) (these are two equations one for the big and one for the small
banks), the program terminates. Otherwise, set j = j + 1, update B/™! = B/ 4+ 1
and B! = B’ + 1 in order to satisfy equations (30) and restart from step 2. Use a
quasi-Newton method to correct the guess of the aggregate consumption C?, given the
implied aggregate dividend C7*1.32

A.4 Transitional Dynamics with Banks’ Market Power Interacting

with the Firms’ Endogenous Default Decisions

The economy is initially in its stationary equilibrium when all agents discover a sudden
change in a model parameter at ¢ = 0. In order to compute the equilibrium dynamics, I
need to find sequences of: (i) aggregate consumption {Cy}, and (ii) firms distributions
{¢¢(x)}L,; such that the representative household maximizes its utility, all markets clear in
each period and the firms distributions evolve according to: (i) the firms’ policy functions, (ii)
the incumbent banks generalized Euler equations and (iii) the idiosyncratic default shocks.
First, compute the two stationary equilibria associated with the configuration of parameters
before and after the shock, as described previously.*® Second, create an iterator j and set
7 = 0; hence, proceed as follows. In the extension, all shocks are calibrated so that there is
no bank default on the equilibrium path (hence, not even a bank entry). Similarly to the
algorithm without firms’ endogenous default, it is possible to repeat this procedure several

320r simply update the guessed consumption using the implied consumption with a dampening parameter,
similarly to the update of the policy functions.
331f there are not permanent change to the parameters, the two stationary equilibria coincides.
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times in order to have a bank default and/or a bank entry on the equilibrium path. This
requires to check that all entry and exit conditions are satisfied at each time ¢.
Given exogenous sequences for all shocks, create an iterator ¢ and set t = T'— 1 and

proceed as follows.
1. Guess a sequence of aggregate consumption {C/ M3

2. Guess an entire path of policy functions {k*7(k, I, 2), l;f’j(k;,lb, z), R;t’j(k, b, 2) Y=g
Also guess an entire path of value functions over firm age; i.e., {V,;"(age, z)}L3!. All
these guesses are needed since the derivatives of the policy functions are required to
solve for the policy functions themselves. The guess for the value function is required
to find the distribution, which is contained inside the inverse elasticity of Generalized
Euler equation. A potential guess is given by the ending stationary equilibrium policy
and value functions.

3. Solve the policy functions backward from t = T — 1 to t = 0 given the guesses.
The policy functions at t = T', are the ones associated with the ending stationary

equilibrium, previously calculated. At each time t proceed similarly to before.

(a) Given all guesses and the ending stationary equilibrium policy functions solve
over time and age (and for every z) the firms’ first-order conditions (37) and (38),
and the generalized Euler equation (39), given the guessed policy and value func-
tions. The elasticity 7; of equation (39) is calculated using the implicit function
theorem similarly to equations (26), (27), (28), (29) and the condition of symme-
try among bank’s strategies l;wﬂ = .. = l;w“ = .. = lg"“, which is imposed

ex-post. At each point ¢, the elasticity 1] contains not only the derivatives of the

aforementioned policy functions but also the distribution values inside the deriva-
tive of aggregate consumption. Given that the distribution depends on the firms’
default decisions, at each ¢, start from age = 0 and simulate using the guessed

value functions to determine the default decisions up to an age N in order to find

or(age, 2).

4. Now, start from ¢t = 0 and iterate forward up to t = T. At each time ¢, start from
age = 0 and simulate the time ¢ policy functions up to age N. This yields a mapping
between age and (k, 1, 2).

5. For each time ¢, compute the implied aggregate consumption Ctj 1 according to equa-

tion (11) and the implied path of policy functions {k*1(k, I, 2), l;f’jﬂ(k, Iy, 2), R;t’jﬂ(k, b, 2) Y=g

Also compute an implied path for the value functions {V;"“ ™ (age, 2)} 1.

34T should be long enough, so that after the shock the economy converges to its long-run stationary
equilibrium. In this paper, I use T=40 quarters.
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6. If the sequences for aggregate consumption converged; i.e.,
sup{|C7"! = Y[} <e,
and if the sequences of policy functions converged; i.e.,
max(sup{ |k — &7} Lo, sup{

_ . ri1 .
lb],t+ - lb],t }tT:Oa SUP{|Rl,]t+ - Rl,]t|}?:0) <€,

and if the sequence of value functions converged; i.e.,
7 E+1 TEINT
max(sup{ [V = Vi [}io) <,

the program terminates. Otherwise, set j = j+1, update the guessed with a dampening
parameter, and restart from step 3.

B Mathematical Appendix

This appendix contains the mathematical details of the proposition in the simple model, as
well as those pertaining to the extension of the baseline model.

B.1 Stylized Model: Proposition

This section contains the proposition related to statements 1-10 discussed in Section 3.
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Proposition I

Assume that the distribution ¢(xg) is such that there is a non-zero measure of finan-
cially constrained firms:*

P = / ]_[do(l'o,kik,l;,l) > O] dq)(.’ll'o) < 1.

A higher number of banks (i.e., a higher B) has the following effects:
1. aggregate loans per bank [ ly1 d® decreases;
2. average loan interest rate | R}, d® decreases;
3. aggregate physical investment [k} — (1 — 6)ko d® increases;
4. aggregate expected returns [ IEq [dj] /p§d® decreases;
5. aggregate loans [ ZbB lp.1 d® increases;
6. aggregate leverage [ S l;1/ki d® increases;
7. aggregate TFP [k;*d®/ ([ kid®)" increases;
8. variance of capital [k*d® — ([ ki d®)? decreases;
9. variance of loan interest rates [ R;3d® — ([ R, d®)* decreases;

10. variance of expected returns [ (IEq [d}] /p3)° d® — ([ Eo [d3] /p} d<I>)2 decreases.

“For sub-points 7, 8, 9, and 10, I assume that the mass of financially constrained firms 1 — P are
all ex-ante identical.

For ease of notation, in the proofs, I denote R;; simply with R;.

B.1.1 Proofs

Proof. Statements 1,2 and 3. Note that the number of banks matters only for the financially
constrained firms, so that each integral can be rewritten as follow

0

0 ox* x* .
55 1[d} < 0]d®,

ox*
—_— * = _— * . >'<> —
aB/x 4o /83 1d} < 0]d® + [ == - 1[d] > 0]dD /

where z* is a place holder for Ij |, Rj, p; and ki. Hence, a sufficient condition to establish
the sign of ;2 [ 2*d® is to determine the sign of %= - 1[d} < 0]. Total differentiation of the
optimality conditions (5), (7) and (6) of the financially constrained firms yields the following
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linear system

K1 K9 Bl 2 81%* 0
—a(a — DEo[n]kf*% 1 0 88”31 =10
-1 pﬁ B 8%1 _llj,l

Note first that equation (7) for firms with dy < 0, implies R; = Fodo 1 for Ao > 0.

pB
Hence, the GEE implie . Hence, by concav1ty of

_ OR: Xo(a—2)
the production function and since 0 < a < 1, kK = _8lb,1 Ao DEo e T < 0. It also follows
that ke = - ( A R ,05) < 0. The determinant of the matrix is therefore:
1 \a(a=1)Eo[z1]k]
OR?: OR?:
D= a0 Lo + k1B + koa(a — DEg[21]k[* 2B — 5l Lisa(a — 1)Eo[z1]k1* 2 pp.
b,1 b1

Direct inversion yields:

ok OR;

TN | oomy P
a‘?*Bl o (a = DEolz]ki* %z, | -D7"
¥ lb,1(/fl + rga(a — 1)Eo[z ]k ?)

Note that if k1 + /igOé(Cl{ - 1)E0[21]k*a’2 > 0, then we can conclude that: %’E > 0, %%1 <0

11— PBRT )\0(05 — 2) )\0 ,
* *or— + PP *—,0504 a— 1DEqNz k*a > 0.
pBly . ala —1)Eg[z1]k) 1 T ( )Eo[21]

Note that equation (5) of the optimalities of the constrained firm can be rewritten as

1— pBR* 1 1— pBR?
pBR; _ )3 pﬁRlJer_

A
“ Bl ala— DEo[z ]k R pBl; |

Using this equivalence the want to show can be rewritten as

pf 1 o ) —— 4 *O —pPa(a — D)Eo[2 k%
PPl ala — 1)Eg[z1]k] i b
1 — pBR; A
= B0 (o it (e — 20k + 2% — L pBafa — DEolulk > 0,
Pﬁlbg lb’l lbl
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Multiply everything by /;; > 0, to get:

l*
(1 — pBRY(a — 2)k ™ + No(a — 2)]{:—1* + Ao — pBala — DEg[]k5* 2 > 0.
1
Hence, use equation (6) of the optimalities of the constrained firms to back out an expression
for [; ; in function of R} and k7, and rewrite

1— pﬂRT — )\0(Zok8é + (1 - (5>k0 — kT)

(1= BRI (o = 2k + (0= 2) Bi

+ Ao — pBala — DEg[]k* 2 > 0.

The left-hand side can be rearranged as

(o 2= BB 1) = Dok + (1= )by — k)
Bk

= (@ =2)[(1 = pBRI)(B +1) — Xo(20k5 + (1 — 8)ko — k7)] + Mo Bk — pBa(a — 1)Eo[z1] Bk

+ Ao — pBa(a — 1)E0[21]k>1m72

Divide by (a — 2) < 0 (changing sign because it is always negative), the previous want to
show is equivalent to show

. o ,a—2+D8 a—1 o
El - p6R1)<B + 12— )\0(20/{?0 + (1 — 5)k'02+/\0]€1 ﬁ — pﬁOéOé — QEO[’Zl}Bkl 1 < 0.
<0 when do<0 =0 —_— ~ -
<0 if B>1 >0

Consider two cases. If B > 1 (oligopoly), this last inequality is always satisfied. For B = 1
(monopoly), the inequality collapses to

a—1
(1= pBR2 = Aol(20k§ + (1 = 9)ko) + (Nok] — pBRT) — < 0.

VO vV
<0 when do<0 >0 <0 R;O—’

Finally, rearrange the Euler pSR; = 1 — Aody to get
)\ok’f - pﬁRT = Ao(Zokg + (1 — 5)]€0 —+ ZZ,1) — 1,

which yields the result

-1 -1
(1 — pﬁRDQ—{— (Oé_ - 1) )\0(20]{78 + (1 — 5)]€0) + ()\olzl — 1) a < 0.
N e’ o — 2 N -~ 7 N ) > - 2
<0 when do<0 >0 <0 R>6—’

]

Proof. Statements 4, 5 and 6. Following a similar logic as the one of equation (9) the proof
focuses in studying the signs of the optimal choices of the financially constrained firms.
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Hence, all equations that follow refer to those firms such that do(ko, 20, k7,1 ;) < 0.
For the expected return of the shares, equating the Euler equations for loans and for

the price of shares provides the following non-arbitrage condition E, [i—i} = R}. Hence, for
0

of < 0, which is always negative by previous

] : DR |4l —
financially constrained firms z5Eq [PS} = 35

result.
Before studying the effect of the number of banks on leverage, first note that the effect
on total debt is ambiguous:
0 al;

* ,1 *
a_BB . lb,l — Ba_B + lb,l'

As shown previously, as the number of banks increases [, ; decreases. Plugging the formula

ol
b,1
for o5

found previously can resolve this ambiguity:

0 y y K1+ koa(a — 1)Eq[z k2 . 1
8_BB =1y (1 -5 D 1 =l |1 OR] a2
BTy 1 /{2(1 a(a—1)Eq[z1]k] pﬁ)

Bri+Braa(a—1)Eq [zl]ki‘a_2

1+

oRY o
alblng(l a(a—1)Eo[z1]k]" Qpﬁ)

el *
Bri14Broa(a—1)Eo[z1 ]k} 2 >0 = @B ) lb,l > 0.
In order to prove that the leverage increases with the number of banks, it remains to

since [;; > 0 and

show that the following inequality is always satisfied for the financially constrained firms:

0 B-l;, oy, .\ 1 B-lyy Ok
R Y > + lb 1) = - —2’ .
0B ki 0B kx k; 0B
I, By + Brga(a — 1)Eo[z1]k{* 2 — Blg;lli L
== 11— - =1 >0.
k; D
Since Iy, /k7 >0, D > 0 and Hgal
ly, 1 OR; (9R* OR;y ;4
—B—- ! - 1)E = B <1—aa— 1)E[z]ko
= 3lb1 5lb1 Ko — 8lb,1/€2a<a JEo[21]k{* %3 k* a(a — 1)Eg[z] pB,
which is always true since —B 2+ b, 1 is always negative and 1 — a(a — 1)Eqo[z ]k %pf3 is always

positive.
O]

Proof. Statements 7, 8, 9 and 10. For statements 7, 8, 9 and 10, I assume that the mass of
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financially constrained firms 1 — P are all ex-ante identical. For TFP, the want to show is

9 E[k)  °F [k;*a 1?31;] —aE[kim]E [%] »
OB (E[ki])>  (E[ki])e (E [k7])o+

This is equivalent to show that

ok ok
*a—1 1 *] *Qr 1
E [kl 8B] E [k]] — E[k*]E {83 > 0.
Which is again equivalent to
ok} - ok
*a—1 o * 1 — o ko 1 — «
B S (= PR = P) + BP) — (K(1 = P) + B*P) 2 L(1 = P) > 0
= Nk (1 =P)+kP) — (ki*(1 = P)+ k*P) >0
= k(1 —-P)+k* kP - k(1 =P —k*P >0
= k%P - kP >0
= k> gt
Since k¥ < k, the last inequality is always verified.
For the dispersion of capital, the want to show is
iE (ki —E[k]])’] =E 0 —(k} —E[k}])?*|dy < 0| (1 -P)+E 0 —(ky —E[k])?|do > 0| P <0
B 1 dB 1 Bt e = ’

where P is the mass of the firms not financially constrained and & is the optimal choice of
capital of the non financially constrained firms. Hence:

0 okt Ok ok

. * *71\ 2 — * _ L* o I o o "
S [0k — B [k])?1do < 0] =20k — Ki(1—P) = FP) | 52 - S1(1-P) = -2 P
=0
«_ 10k

Note that the last inequality follows from the fact that k} < k, otherwise the mass of firms
1 —"P would not be financially constrained. =% > 0 is positive from the previous proof. Note
that the second term is always negative

0 - - 8151 0

. _ *1\ 2 > — o *

* > .
e —E[k]||d>0]| <0
70 >0

>0
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Furthermore, note that R} = Eg[1 + azk{* ™ — 6] and

o(R}) = 0? (14 aFo[z1]k{* ™ = §) = *Ef[z]o (k7).

Hence:
602(RT) _ 9m2 do® (kfa_l)
Y Bl sy

B k* B a]’cafl 8E k*(x—l
= a®Bi[n] | 2P (K} — kY (a— 1) k;a”a LP +2E | (k" —E [k7*7']) L L ldo > 0| | <0.
>0 <0 <0 :"0 <"0

Equating the two Euler equations for the price of the shares of the firms and the price of
the bonds yields: £ [4] = 5 <.
]

B.2 Firm Loan Level under MPE

This subsection points to a feature of the MPE for which an optimal level of loan remains
well defined even in absence of equity issuance cost in presence of a tax shield and curvature
in the household’s utility function. If there are no states of the world in which firms issue
equity, or expect to issue equity, then the firms’ first-order conditions reduce to:*

o C/ -
l=p- M. <1+(1—7-) (ak’ 1—5)) and 1=p- M- (1+(1—1)r) With/\/llzﬁ(6> ,
and, in general, these conditions are not sufficient to pin down each firm’s loan level in the
stationary equilibrium. Loan is determined in equilibrium via the banking behavior captured
by the generalized Euler equation which, in this simplified case, reduces to:
ORI, N

l=p- M -(1+7r)-(1+n) with ':—,—:———,
P ( 1) - ( m) m E)lb R; 9o + fo - gny R;

where, under these simplified conditions, the partial derivatives of Subsection 4.4.2 are:

/ aM/ /
fk’ = Oé(Od — 1)k’ a72’ gk = p ok’ ((1 - T)Tl + 1) )
oM’ oM’
;= 1— "+1 ;= 1-— "+1).
glb p al; (( 7—)71[ + ) ) gRl p 8R2 (( T)Tl + )

35 Assume A\g(d) = A\g(d') = 0, no idiosyncratic TFP heterogeneity (z = 2’ = 1), no aggregate TFP shock
(Z = Z' = 1), and that only idiosyncratic firm default shocks Z are operative, with E[Z'] = p. Note that
consumption C' is determined by the household budget constraint (equation (11) in the paper).
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Plug the partial derivatives into 7, to get the following expression for )

ala — 1) ko2 oy M’ A

r_ R 40
U M + ala—1) ko2 Op M’ Ry (40)

where I indicated the partial derivatives of M’ with short-hand notation for simplicity. The
derivatives of the discount factors (9y M', Op M', O, M'):

M _ 1 oc’ 1 ac] oM M,[ 1 ac’ 1 ac] oM M,[ 1 ac 1 oC

o, | e T coan | ok Yo aw TCcaw | oR oer T cor|
(41)

appear since banks are big in the economy and do not take aggregates as given. These
are the key terms that allow to have well defined values for loans even in the stationary
equilibrium, in absence of equity issuance cost. In the stationary equilibrium aggregate
variables are constant, i.e. C' = C’, and M’ = 3 (%l)_y = [ but, in general, the derivatives
of the SDF (9 M, Oy M, Oy M) are non-zero, as long as v > 0, as shown by equations
(41). Hence, it is fundamental to have some curvature in the utility function to have well
defined loan levels even in absence of equity issuance cost.
Hence, for every firm, the problem reduces to find a triplet (I, 7], k"), given states and
future policy functions (which enter inside the discount factor through the term C” ), such

that

1=ppB <1 +(1-7) (ak'a_l - 5))
1= p8(1+ (1= )

1= pB(1+r) (1 -

ala — 1) K20y M’ l,
ak;/./\/l, + CY(Oé _ 1) flo—2 aREM/ R; )

and where 7, is substituted out using equation (40). In this simplified setting, the first
equation yields a closed-form expression for k', and the second provides one for r, both of
which do not depend on firm characteristics. Given these values, [} is determined by the
third equation, which generally depends on firm-specific idiosyncratic characteristics as long
as ayb/\/l’ # 0. Note that for 8%./\/1’ to be non-zero, the model requires either a tax shield on
interest payments or a scrap value. In the absence of both of these elements (and assuming
no equity issuance costs), the resource constraint would simply determine consumption as
total output minus aggregate investment in physical capital. In this case, firm debt would
be irrelevant for consumption, and consequently, 81;7/\/1’ = 0 and [} undetermined.

To demonstrate this formally, consider the case with zero recovery rate and no small
banks. Using the resource constraint (31), we compute the partial derivatives of C' and C’
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with respect to a given bank’s loan [;. First,

%—0 and 80/——8—T,
ol on o’

since C' does not depend on [;. Next, rewrite 7" as

9] B
T = Z <ka - ;rllb - 5k> o(age),

age=0
and ¢(age) = p*°(1 — p) is the firm distribution.?® Since

o1 oC’
o= 71, ¢(age + 1) it follows that v 71, lage + 1).
A b

Substituting into the derivative of the stochastic discount factor gives

oM’
ol

=M [— v é 71, p(age + 1)] : (42)

Thus, both v > 0 and 7 > 0 are required for dM’/0l; # 0. The presence of the probability
density of the firm distribution, ¢(.), within equation (42) underscores the non-atomistic
behavior of banks, which evaluate the marginal impact of a non-zero measure of firms with
identical characteristics—summarized by firm age—on aggregate consumption. Banks inter-
nalize that if they extend the same loan amount /; to all such firms, their collective behavior
affects aggregate consumption.

B.3 Model Extension: Mathematical Details

This subsection provides the mathematical details of the extension in Section 7, in which
firms make endogenous default decisions based on exit value shocks drawn from a logistic
distribution.

36Note that this is the post default firm distribution: after the mass of defaulting firms, 1— p, has reentered
at age = 0; indeed, ¢(0) =1 — p.
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Proposition II: Firm’s Problem with Logistic Exit Value Shocks

The expected equity valuation equation E¢[Vr(z, X)] can be rewritten as
~ _ ¢! Vi (@,X)
EG[VFCC?X)] :VF($7X>+CVFIH I+e VF ) (43)

with Vp(z, X) given by (33). As ¢ — 07, the firm’s problem characterized by equation

(34) with E€[Vg(x, X)| given by (43), subject to all firm constraints specified in Section
7, converges to

Vp(z,X) = max {f/p(a;, X), 0}. (44)

The proof is derived in the calculations shown below.

Before proceeding note that the following indefinite integral can be computed as

€= —€6——— ——

Ll Ve PR T —(Wite o
/e~ ¢ Vpe ‘ —C_11n<1—i-e_C 1VF1€>+C7

where C is an integration constant. This indefinite integral is handy to compute the expec-
tation of the value function with respect to €, which is:

E€[Vi(z, X)] = E[T? - Vi(z, X)] + E[(1 — %) - €]

B e’ —17/-1,-¢"Vi1te
:Ee[Id]-VF(x,X)+/ e S Ve

(14 e—CIVF‘le)z

/ .U = _e—1VE@X)
=EZ - Vi(z, X) + (1 = E[Z?]) - Vir(2, X) + (Vp - In (1+e R >
IVF(x,X)+CVF~ln(1+e<_ vF),

with

E[Z9) = I = Pr[Z? = 1|(z, X)] = Pr[Vp(z, X) > | = !

Vp(z,X) "

1+ efc_1 V

For small positive (, € converges to its mean, which is 0. The probability of solvency
approaches

1 if Vp(z,X) >0
lim E[Z9 = { 05  if Vp(a, X) =0 (45)
¢—0t ~

0 if Vp(x,X) <0.
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Rewrite

~ 0 C71‘7—167<—1VF*16
B WVeto. X)) = BT Vi, )+ [ e S,

(1 ec—lvplef

—15-1
VFe

—1y=1,=¢ ~
¢ Ve sde converges to zero for any V. Thus,

_e—1y—1
(e )

lim BV (z, X)] = {

and note that lim, g+ f‘;: €

Ve(z, X)  if Ve(z, X) >0
0 if Vp(z, X) <0.

¢—0+

B.4 Role of the Capacity Constraint Parameter

In the stationary equilibrium, x functions primarily as a scaling device that governs the num-
ber of small banks. It governs how finely the model can approximate aggregate moments—
particularly the profitability of the banking sector. For instance, in a model with only a
few large banks, adding or removing a bank causes discrete jumps in aggregate outcomes,
which limits the ability to precisely match the observed profitability. Introducing a fringe of
small banks with binding capacity constraints allows the model to “smoothly interpolate”
the degree of competition and match the data more accurately.

To illustrate, in the current calibration x = 0.1, meaning each small bank can lend up
to one-tenth as much as a big bank. With 7 small banks, this configuration contributes the
equivalent of 0.7 large banks in aggregate capacity. Now suppose instead we set xk = 0.000175
and introduce 4,000 small banks to mimic the long tail of small banks in the data—this yields
the same total capacity: Bx = 0.000175 x 4000 = 0.7.

This can also be seen algebraically by substituting the equilibrium condition [j = ki,
into the expressions for investment and dividends (under symmetry and in stationary equi-
librium):

i=i+(B+Br)ly,— (B+Bk)l,
d=(1—-7)[Z2k* —r (B + Br)l,] + 76k — i.

What matters for the stationary equilibrium is the aggregate capacity of small banks, sum-
marized by the product Bk, rather than the values of B or x individually. This term Bk
consistently appears as a multiplicative factor in the generalized Euler equation for the big
banks—specifically in equations (27)—(29)—through its presence in the stochastic discount
factor M, its derivatives, and in the firm equity issuance terms. Recall that each gener-
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alized Euler equation is derived without imposing symmetry. Ex ante, each bank assesses
the sensitivity of its own loan supply choice on the demand curve with respect to its own
loan quantity, treating the strategies of all other banks as given. Once symmetry is im-
posed ex post, the term Br always enters the generalized Euler equation of the big banks
multiplicatively. Thus, as long as Bk is held constant, the stationary equilibrium remains
unchanged.

However, while this rescaling leaves the stationary equilibrium unaffected, it does matter
for out-of-steady-state dynamics. With 4,000 small banks and x = 0.000175, each small bank
is much smaller and more fragile. Given a macro shock of a certain size, it becomes more
likely that one or more small banks would fail—potentially creating different transitional
dynamics. No small bank fails along the transition paths under the current calibration
(k = 0.1, B=T). Hence, if the model were rescaled to feature 4,000 small banks—holding
Br constant in the stationary equilibrium—each bank would be smaller and therefore more
likely to fail in response to the same aggregate shock. This could amplify the transition
dynamics. In this sense, the current scaling can be seen as conservative.

Relatedly, given the structure of the model, the stationary equilibrium depends only on
the total loan mass B + kB3, rather than on the particular combination (with B > 1) of big
and small banks. For example, defining bank market concentration as B/(B + kB3), different
concentration levels can be equivalently targeted by adjusting the composition of B and
xkB while holding total capacity constant. This is because, under the capacity constraint,
small banks do not behave strategically independently, but effectively act as scaled-down big
banks.

B.5 Role of @ on the Main Mechanism

As discussed in Section 5, higher values of the curvature of the profit function « tend to gen-
erate a higher bank profitability, ceteris paribus. Here, I discuss the role of the parameter «
in shaping the mechanism of endogenous financial frictions discussed in the paper. Figure 10
illustrates the production function k% and its derivative for two values of o. As « increases,
firms with very low capital face a lower marginal product of capital (MPK), but the MPK
falls less steeply with capital. Specifically, when a = 0.55, the derivative curve lies below
that for o = 0.34 at very small values of k, but crosses and stays above it already starting

from small values of k.
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Figure 10. CAPITAL RESPONSE FUNCTIONS FOR DIFFERENT CURVATURES «

This implies that banks internalize a shift in marginal value: one dollar lent to a tiny
firm yields less marginal return when « is higher, but becomes more valuable as the firm
accumulates capital. As a result, banks with market power extract relatively smaller markups
from the smallest firms (compared to the case with a = 0.34) but shift toward higher
markups (also compared to the case with a = 0.34) as firms grow. Another way to visualize
this is through the second derivative of the production function, shown in Figure 11. When
a = 0.55, the red dashed line lies below the blue line, pointing to a more negative inverse
elasticity 7;(.) and thus more market power for the banks. This aligns with the generalized
Euler equation idea, which evaluates the sensitivity of the marginal product of capital—see
equation (9) in the simple model.

SECOND DERIVATIVE OF k¢ L

d> 1.0
=k
—0.1 ¢

—0.24 - a =055
03 |

—0.4 |

Figure 11. SECOND DERIVATIVE OF THE REDUCED FORM PROFIT FUNCTION k¢

This behavior of the profit function, in the range of a considered, substitutes financing
costs across the firm distribution, reinforcing the paper’s central mechanism.
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C Additional Material

This section includes two parts: (i) the first part contains additional figures, and (ii) the

second part contains additional empirics.

C.1 Additional Figures and Tables

Table C1. PARAMETER VALUES

Parameter Value Target/Source

HHs Time Discount B 0.995 Match Deposit Rate
CRRA y 1 Standard

Firms Depreciation Rate 1 0.03 Standard Quarterly Depreciation
Curvature of the Profit Function a 0.34 See Section 5
Corporate Tax Rate T 0.197 Effective Corp. Tax (OECD Tax Database)
Default Rate 1-p 0.21% Quarterly C&I Charge-off to Loan (FDIC)
Equity Flotation Cost Ao 0.8 Internally calibrated (see Table I)
Variance of Idio. Productivity o2 0.08 Internally calibrated (see Table I)
Starting Capital ko 0.237 Internally calibrated (see Table I)

Banks  Fixed Entry Cost Fg [0.831,1.21] Internally calibrated (see Table I)
Capacity Constraint Parameter K 0.1 Small-to-big assets ratio (see Figure C14)
Recovery Rate v 0.084 Internally calibrated (see Table I)

Notes: The table reports the parameter values.

Figure C1. STATIONARY EQUILIBRIUM AND CREDIT MISALLOCATION
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Notes: This figure reports the standard deviations of interest rates and TFP, each expressed as a

ratio relative to the values observed in an economy with 20 banks. I vary the fixed cost of entry Fg,
thereby allowing a gradual increase in the number of banks entering the financial intermediation
market. The figure illustrates the mechanism: limited competition in the financial sector leads to

a higher dispersion of interest rates and a lower aggregate productivity.
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Figure C2. STATIONARY EQUILIBRIUM AND CROSS-SECTIONAL MARKUPS
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Notes: This figure reports the inverse elasticities 1} (z, X, 2', X') appearing in the generalized Euler
equations (23), evaluated for firms of different ages in the stationary equilibrium. These elasticities

measure the sensitivity of the future loan interest rate with respect to the quantity of loans.The

X-axes reports the firms’ age.

Figure C3. TFP SHOCK, FINANCING, REAL ACTIVITY, AND FIRMS’ ENTRY
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Notes: This figure reports the transitional dynamics of (i) the aggregate interest rate spread and
(ii) the aggregate output (normalized to remove the exogenous component Z; to isolate the effects
on the endogenous component) [ k¢*(x¢, X;)d®, following the TFP shock reported in Figure C4
in Appendix C.1 with and without the assumption Entry Mass = Exit Mass. The evolution over
time of the aggregate interest rate spread is calculated as the difference between (i) the annualized
aggregate interest rate [7.(x;, X;)d®; under the calibrated oligopoly and (ii) the annualized
aggregate interest rate [ rll?tc(xt, X;)d®FC under perfect competition. The right panel is divided
period-by-period by the mass of firms m to eliminate the mechanical effect of GDP falling simply

because the mass of firms falls. X-axes report time ¢.
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Figure C4. SHOCK
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Notes: This shock is calibrated to a similar magnitude to that of the Great Recession. The X-axis
reports time ¢, expressed in quarters both in the model and in the data. The data reported in the
graph are from 2005:Q1 till 2014:Q3. TFP has been linearly detrended using data from 1997:Q2
to 2017:Q2. This same shock pushes one bank to default in the calibrated model. Following a
sudden unexpected decrease in the aggregate TFP (the firms default probability 1 — p at time

t = 0 decreases) the economy mean-reverts to its original level. After the unexpected shock, all

agents can perfectly forecast the mean-reversion path.
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Figure C5. TFP SHOCK, FINANCING, AND REAL ACTIVITY
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Notes: This figure reports the transitional dynamics without firm idiosyncratic TFP heterogeneity
(the counterpart in the baseline model is figure 3), following the TFP shock reported in Figure C4.

X-axes report time t.
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Figure C6. MODEL vS. THE GREAT RECESSION WITH REENTRY
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Notes: This figure compares the model dynamics of Subsection 6.5 with the data in proximity

of the Great Recession. In particular, the right column reports: i) C&I loans (expressed in %
deviation from the linear trend calculated from 1997:Q2 to 2017:Q2), ii) C&I credit spread, iii)
quarterly investment rate, iv) physical capital (also expressed in % deviation from the linear trend

calculated from 1997:Q2 to 2017:Q2), and v) normalized output (also expressed in % deviation
from the linear trend calculated from 1997:Q2 to 2017:Q2). Data are linearly detrended. The

panels on the right columns report the percentage change of the detrended series from the trend.

X-axes report time ¢, expressed in quarters for the model (left column).
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Figure C7. STATIONARY EQUILIBRIUM PoLricy FUNCTIONS WITH HIGHER «
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Notes: This figure shows the equilibrium loan quantity (left panel), physical capital (central panel),
and the loan interest rate (right panel) for firms of different age and productivity, comparing
a = 0.51 to a = 0.34 as calibrated in the stationary equilibrium of Section 5. The steady-state
values of capital and loans for & = 0.51 have been normalized by those for a = 0.34 to make the

graphs comparable. X-axes report the firms’ age.
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Figure C8. BANK DEFAULT AND DISPERSION OF LOAN RATES

TFP Y yre < Doi
. S —= — — = |basis ts
4 Dispersion of Loan Rates o(r;) — o(r{"“) [% points] 05 7 z(frae)”  z([krcasic) [basis points]
5% 057
——— Oligopoly
— — Oligopoly with Bank Fail
.1 L
4% [ YERERTN A
1 N
/ N 15
I * !
3.5% r N 1
1 \ oL
\
1 M -
! \ \ -7
\ 1 ’
3% 1 ~ 25 24
] S e o ! /
1 ! 4
1 3+ 1\ /
2.5% f \ 4
I ! /
351 £
1 \ /
/
2% |l \ ,
4r v
N
159 L . . . . . . ) 45l . . . . . . )
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35

Notes: This figure reports the transitional dynamics of the dispersion of loans’ interest rates, calcu-
lated as the square root of [ rﬁt(xt, X)) d®, — ([ ri4(24, Xi) d®y)?, and aggregate TFP, calculated
as [ ki (xy, Xy) d®y /([ ke (e, X¢) d®y)®, following the unexpected shock reported in Figure C4 in
Appendix C.1. Both measures are calculated as percentage points differences with the perfectly

competitive benchmark. X-axes report time ¢.

Table C2. PARAMETER VALUES IN THE EXTENSION

Parameter Value Target/Source
HHs Time Discount B 0.995 Match Deposit Rate
CRRA o' 1 Standard
Firms Depreciation Rate 1 0.03 Standard
Curvature of the Profit Function « 0.34 See Section 5
Corporate Tax Rate T 0.197 Effective Corp. Tax (OECD Tax Database)
Exogenous Default 1-p 0.21%/2 See Section 7
Scale Parameter of Exit Value Shocks ¢ 0.0245 Internally calibrated (see Table C3)
Equity Flotation Cost Ao 0.7 Internally calibrated (see Table C3)
Variance of Idio. Productivity o2 0.07 Internally calibrated (see Table C3)
Starting Capital ko 0.235 Internally calibrated (see Table C3)
Banks  Fixed Entry Cost Fg [0.21,0.81]  Internally calibrated (see Table C3)
Capacity Constraint Parameter K 0.1 Small-to-big assets ratio (see Figure C14)
Recovery Rate v 0.085 Internally calibrated (see Table C3)

Notes: The table reports the parameter values for for the extension with endogenous firm default.
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Table C3. STATIONARY EQUILIBRIUM AND ANNUALIZED MOMENTS IN THE EXTENSION

Targeted Description Moment Model Data
YES Profit/Revenue o/ [ iz, X)pd® 17.5%  16.2%
YES Freq. of Equity Iss. 4 [(d(z, X) < 0)dd 3.5%  4.2%
No  Capital to GDP K/(4Y) 22 22
No Investment to K AT/ K 14% 16%
No Debt Adjust. to K JA(BAl(z, X) + BAL (2, X)) d®/K 0.52%  0.62%
YESs Market Leverage J(Bly(z, X) + Bli(z,X))/Vr(z, X) dP 32% 34%
No Num. Big Banks B 2 -
No Num. Small Banks B 8 -
No  Std. MPK 2\/[(Zzake—1)2d® — ([ Zzake—1dD)’ 0.16  0.68
YES Std. Investment Rate 2\/f(i/k)2d<1> — (f(z/k:)alq))2 0.339  0.337
YES  Recovery Rate [Tk + ko) /(TTBly(z, X) + TTBly(x, X))d®  0.62  0.51
YES Default Rate [1-T74% 0.81%  0.84%

Notes: This table reports the targeted and untargeted aggregated annualized moments for the
extension with endogenous firm default.

C.2 Different Functional Form for A(.)

In this section, I consider a different functional form for the cost of equity issuance. In

particular I add a fixed cost H of equity issuance such that:

H+ X% ifd<0

Ad) = .
@ 0 itd>0

In order to preserve differentiability and being able to derive the GEE, I consider a smooth

version, where H is approximated by a logit function:

1

Hd; k) = 1+ exp(—k-d)’

which, for high values of x, approximates well the step function while preserving differentia-

bility, as shown in figure C9.

73



\ 4

4 6

Figure C9. Sigmoid Function
Notes: The plot of the function H(d;«). Solid blue line: Plot of the sigmoid function (when a = 1),
typically used in the hidden layer of a neural network. Dashed purple line: Plot of the #H(d; ), when

x = 10. The higher is x the more the H function acquires the shape of a step function.

In summary, I use the following differentiable function

\d H-H(d; k) + XL ifd<0
@) 0 ifd>0

In order to inspect the impact of the fixed cost, I introduce a fixed cost H = 0.15 in the
calibrated stationary equilibrium of Section 5, where H = 0. Results are reported in Figures
C10 and C11. In particular, Figure C10 reports the comparison with the baseline stationary
equilibrium and Figure C11 reports the comparison across different market structures of the
banking sector. Figure C11 indicates that the firm life cycle exhibits qualitatively similar
behavior across different bank market structures, consistent with the baseline. Figure C10
demonstrates that, when a fixed cost of equity issuance is introduced, firms take longer to
reach their capital targets. As a result, banks extract rents for a longer period, as indicated
by the interest rate panel, aligning with the notion that a steep fixed cost can locally amplify
the “lack of outside options,” thereby allowing banks to exploit this constraint.
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Figure C10. STATIONARY EQUILIBRIUM PoLICY FUNCTIONS WITH EQUITY I[SSUANCE
Fixep Cost

Loans B -1+ B-1° (low z) Capital k& (low z) Loan Rate r; (low z)
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| —— Oligopoly with H = 0.15 = — - Oligopoly with H = 0]
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25 30  —— 1.6%
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10
10
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0 0 0.8%
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Notes: This figure reports the equilibrium policies for loan quantity (left panel), physical capital
(central panel), and loan interest rate (right panel), for firms of different age and productivity, when
Tintroduce a fixed cost H = 0.15 in the equity issuance cost in the calibrated stationary equilibrium
of Section 5 (H = 0). The fixed cost exacerbates the mechanism of endogenous financial friction,

as captured by the central panel. X-axes report the firms’ age.
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Figure C11. STATIONARY EQUILIBRIUM AND FIRMS’ LiFE CYCLE WITH H = 0.15

Loans B -1+ B-1I* (low z) Capital k& (low z) Loan Rate r; (low 2)
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Notes: This figure reports the equilibrium policies for loan quantity (left panel) and loan interest
rate (right panel), along the life cycle of a firm where I perturb the calibrated stationary equilibrium
of Section 5 with a fixed cost H = 0.15. The mechanism of endogenous financial friction, captured
by the central panel, behaves in a qualitative similar way to the baseline when different stationary
equilibria with different market structure of the banking sector are benchmarked to each others.

X-axes report the firms’ age.

76



C.3 Extension

Figure C12. FIRM ENDOGENOUS DEFAULT RATE IN THE EXTENSION
to - [1—TZ4® % level]

—— e
- - o
-

0.9% - - ~

-
-
-
—_— .

0.7%

0.6% -

0.5% -

0.4% I I I I I I I |

Notes: This figure reports the transitional dynamics of the annualized firm default rate in the

extension. This figure complements Figure 9 in Section 7. X-axes report time t.

C.4 Data

Three different data sources were primarily used in the paper: (i) DealScan and Compustat
linked database, (ii) Bank Financials from the Federal Financial Institutions Examination
Council’s (FFIEC) Central Data Repository for Public Data Distribution, and (iii) aggregate
Federal Deposit Insurance Corporation (FDIC) data.

C.4.1 DealScan and Compustat Linked Database

I compile data on 1.027 million loans facilitated between borrowers and lenders from 1986 to
2012, with loan amounts ranging from a minimum of 36 million to a maximum of 81 billion.
These loans were obtained from the DealScan database through Wharton Research Data
Services (WRDS). Identifiers from this dataset were used to link borrower information with
corresponding lender details, which were obtained from WRDS’s Compustat database. The
data is collected on an annual basis, with all financial information reported at the individual
bank level. Tables C4, C5, and C6 present the DealScan, Compustat, and derived variables,
respectively. The loans considered in the analysis include Revolver/Line Loans, Term Loans,

and Revolver /Term Loans.
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Table C4. VARIABLE MAPPING TO LOAN REPORT DATA(DEALSCAN)

Variable Name Code Year Start ~ Year End
Lender Identifier gvkey 1986 2012
Interest Rate allindrawn 1986 2012
Loan Amount dealamount 1986 2012
Loan Maturity maturity 1986 2012

Table C5. VARIABLE MAPPING TO LOAN REPORT DATA(COMPUSTAT)

Variable Name Code Year Start  Year End
Lender Identifier gvkey 1986 2012
Book Value bookval 1986 2012

Table C6. VARIABLE MAPPING TO LOAN REPORT DATA(COMPUSTAT)

Variable Name

Net Working Capital Ratio
Profitabilities Ratio
Return on Total Assets
Equity-to-Liability Ratio
Asset Turnover Ratio

Altman Z-Score

Working Capital/Total Assets

Retained Earnings/Total Assets

EBIT/Total Assets

Market Value of Equity/Book Value of Total Liabilities
Total Sales/Total Assets

1.2*(Net Working Capital Ratio) + 1.4*(Profitability
Ratio) + 3.3*(Return on Total Assets) + 0.6%(Eq-to-
Liabilities Ratio) + 1.0%(Assets Turnover Ratio)
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Table C7. LOG(CREDIT SPREAD) REGRESSION

Dependent variable: All-In Drawn/100

1) (2) (3) (4) (5) (6)
log(Book Val) —0.2535™** —0.2430™** —0.1059*** —0.0105*** —0.1026*** —0.2447***
(0.0011) (0.0012) (0.0011) (0.0017) (0.0011) (0.0021)
log(Deal Amount) —0.0083*** —0.0295*** —0.0465*** —0.0017 —0.0466*** —0.0088***
(0.0013) (0.0014) (0.0013) (0.0013) (0.0013) (0.0013)
Altman Z-Score —0.0373*** —0.0258*** —0.0192*** —0.0014*** —0.0196*** —0.0373%**
(0.0004) (0.0005) (0.0004) (0.0005) (0.0004) (0.0004)
Profitability —0.0022%** —0.0007*** —0.0001 —0.0006***
(0.0001) (0.0001) (0.0001) (0.0001)
Net Book Leverage 0.3841*** 0.1695*** 0.0163* 0.1690™***
(0.0073) (0.0066) (0.0092) (0.0066)
Binary Secured 1.2820%** 1.0668*** 1.2759%**
(0.0030) (0.0036) (0.0030)
Firm Age —0.0010™**
(0.0001)
Cs 1.5841%**
(0.0456)
log(Book Val)x Cg —0.0361%**
(0.0071)
Constant 3.7986™** 4.0015*** 2.6295%** 1.3619%** 2.6369%** 3.4056™**
(0.0212) (0.0218) (0.0200) (0.0239) (0.0200) (0.0221)
Firm-Fixed Effects No No No Yes No No
Time-Fixed Effects Yes Yes Yes Yes Yes No
Observations 846854 843768 843768 843654 843768 846829
R? 0.112 0.116 0.275 0.500 0.275 0.110
Adjusted R? 0.112 0.116 0.275 0.497 0.275 0.110
Note: *p<0.1; **p<0.05; ***p<0.01

C.4.2 Bank Financials

I compile data on all banks registered in the U.S. from 1984 to 2022, using information from
the last quarter of each year. The data is sourced from the Federal Financial Institutions
Examination Council’s (FFIEC) Central Data Repository for Public Data Distribution, to
which banks submit their quarterly financials to the Federal Reserve. All financial data is
reported at the individual bank level. Specifically, the bank financials were collected through
the FFIEC’s Central Data Repository for Public Data Distribution, covering all registered
banks in the U.S. from 2001 to 2022, with annual reporting. Tables C8 and C9 present the
balance sheet and income statement variables, respectively.
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Table C8. VARIABLE MAPPING TO CALL REPORT DATA (BALANCE SHEET)

Variable Name Code Year Start ~ Year End

Assets TOTAL ASSETS 2001 2022

Commercial & Industrial Loans  C&I LOANS, C&I LOANS, 2001 2022

U.S. ADDRESSEES

Deposits TOTAL DEPOSITS 2001 2022

Federal Funds Purchased SECURS PURCHSD UDR 2001 2022
AGRMNTS TO RESELL

Federal Funds Sold FEDERAL FNDS SOLD, 2001 2022
FEDERAL FNDS SOLD
IN DOMESTIC OFFICS

U.S. Treasury Securities US TREAS SECS-AVL- 2001 2022
FOR-SLE-FAIR VALUE

U.S. Agency Obligations US OBLGS ISSD BY US 2001 2022

GOV SPON AGC-FAI US
OBLGS ISSD BY US
GOVT AGCS-FAIR

Table C9. VARIABLE MAPPING TO CALL REPORT DATA (INCOME STATEMENT)

Variable Name Code Year Start  Year End
Interest Income Loans INTEREST AND FEES 2001 2022
ON LOANS
Interest Expense Deposits INTEREST EXPENSE 2001 2022
ON SAVING DEPOSITS

Charge-Off CHARGE-OFFS ON C&lI 2001 2022
LOANS

Total Non-Interest Income TOTAL NONINTEREST 2001 2022
INCOME

Total Non-Interest Expenses TOTAL NON-INTEREST 2001 2022

EXPENSES
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Table C10. BANK-LEVEL CREDIT SPREAD AND BANKS MARKET CONCENTRATION

Dependent variable:

log(Ry,1,t — Ra,t)
(1) (2) (3) (4)

log Ly« —0.058*** —0.068*** —0.155%** —0.031***
(0.001) (0.002) (0.002) (0.001)
Charge-offy, ; 0.123*** 0.106*** 0.097*** 0.108***
(0.004) (0.004) (0.004) (0.002)
Cs.¢ 0.854***
(0.015)
Constant —2.527%** —2.412%** —1.667*** —2.831%**
(0.009) (0.018) (0.022) (0.016)
Bank-Fixed Effects No Yes Yes Yes
Time-Fixed Effects No No No Yes
Observations 261135 260236 260236 260236
R?2 0.025 0.178 0.188 0.707
Adjusted R2 0.025 0.125 0.135 0.687
Note: *p<0.1; **p<0.05; ***p<0.01

Notes: There is a strong significant positive correlation between credit spread, banks market
concentration, and net charge-off rate. The correlation with the quantity of C&I Loans outstanding
is significant and negative.

Table C11. BANK-LEVEL CREDIT SPREAD AND BANKS MARKET CONCENTRATION
(Two-WAY CLUSTERING)

Dependent variable:

log(Ry,1,t — Ru,t)
(1) (2) 3) 4)

log Ly, + —0.058*** —0.068*** —0.155%** —0.031***
(0.001) (0.003) (0.005) (0.005)
Charge-offy, ; 0.123*** 0.106*** 0.097*** 0.108***
(0.037) (0.029) (0.026) (0.025)
Cs,t 0.854***
(0.023)
Constant —2.527%** —2.412%** —1.667** —2.831***
(0.011) (0.032) (0.047) (0.057)
Bank-Fixed Effects No Yes Yes Yes
Time-Fixed Effects No No No Yes
Observations 261135 260236 260236 260236
R?2 0.025 0.178 0.188 0.707
Adjusted R2 0.025 0.125 0.135 0.687
Note: *p<0.1; **p<0.05; ***p<0.01

Notes: This table shows that the statistical significance of the coefficients presented in Table C10
is robust to two-way clustering of standard errors by bank and time.
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Figure C13. TiIME FIXED EFFECTS OF STYLIZED FACT 3
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Notes: This figure reports the time fixed effects v; of the main regression of stylized fact 3.

Figure C14. RATIO OF THE TENTH BANK BY SIZE AND THE FIRST BANK
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Notes: This figure reports the ratio between the assets of the tenth bank and the first bank by

size. X-axes report time in years.

Estimating the Bank Cost Structure. I estimate the marginal cost of producing a
loan from an estimate of marginal net expenses, i.e. marginal non-interest expenses net of

. . . . : ONIE}, .
marginal non-interest income. Marginal non-interest expenses = are derived from the

o
trans-log function:*’

37Non-interest expenses are calculated as total expenses minus the interest expense on deposits, the interest
expense on federal funds purchased, and expenses on premises and fixed assets.
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log(NIE}) = gilog(W;) + o1log(l;) + golog(q;) + gslog(W})?* + aa[log(i;)]* + galog(g;)?
+oslog(1)log(qf) + oalog(l})log(W;) + gslog(g))log(W) + 3 git? + gs + gi+ €,

7j=1,2

46)

where gg; indicates time fixed-effects, g represents bank-fixed effects, W} are input prices
(labor expenses over assets), I! corresponds to real loans (one of the two bank i’s outputs), ¢!

are safe securities (the second bank output), and ¢ indicates a time trend. Similarly, marginal

) . ONIIP . . .
non-interest income —5+ is derived from the trans-log function:
t

log(NII}) = o1log(l}) + gilog(q;) + oa[log(I)]* + golog(g;)?

+oslog(l})log(q)) + D g4’ + gas + g5 + €. (47)
j=12
Table C12. DERIVED VARIABLES
Variable Name
Cost of funds (Int. exp. dep.+int. exp. Fed funds)/(dep.+Fed funds)
Mg. Net Exp. Mg. non-int. exp. - mg. non-int. inc.
Int. return on loans Int. income loans/loans
Safe securities U.S. Treasury securities+U.S. Agency obligations
Markup Int. return on loans/(cost of funds+mg. net exp.) - 1
Lerner Index 1 - (cost of funds+mg. net exp.)/int. return on loans

From equations (46) and (47), I calculate the marginal non-interest expenses and income:

ONIE! NIE!
o I

mg. non-int. exp. = [o1 + 209log(I}) + o3log(qi) + oulog(W))],  (48)

ONII; NI
o I

Marginal net expenses (mg. net exp.) are thus computed as the difference between the

[o1 + 205log(1}) + o3log(git)]. (49)

mg. non-int. inc. =

marginal non-interest expenses and marginal non-interest income.
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C.4.3 Credit spread and Banks Market Concentration with Aggregate Data

To conclude the analysis, I now use aggregate data. Table C13 reports the effects that
the market share of the top 5 U.S. banks and the net charge-off rates have on C&I credit
spreads. As a reminder, credit spreads are calculated as the difference between the weighted-
average effective loan rate for all C&I Loans (Ry) and 3-Month T-bill rates (Rys). Two other
measures are added to the analysis: (i) outstanding quantity of C&I Loans ($tn) and (ii) the
weighted-average maturity for all C&I Loans. Each period t is a quarter between 1997Q2
and 2017Q2. The results of the following regression

Rit— Ry = Po+ 1 X Csp 4+ Pa X (1 — pp) + B3 X Ly + By X My,

are reports in Table C13.

Table C13. CREDIT SPREAD AND BANKS MARKET CONCENTRATION

Dependent variable:

Commercial & Industrial Loan Rates Spreads over intended federal funds rate

1) (2) ®3)

Market share of top 5 banks (%) 0.040*** 0.053*** 0.056***
(0.004) (0.006) (0.007)
Net Charge-Off Rate (%) 0.337*** 0.295*** 0.272***
(0.051) (0.051) (0.059)
C&I Loans ($tn) —0.391%** —0.345**
(0.139) (0.152)
Maturity —0.121
(0.157)
Constant 0.434** 0.384** 0.406**
(0.183) (0.177) (0.179)
Observations 81 81 81
R? 0.644 0.677 0.680
Adjusted R? 0.635 0.664 0.663
Residual Std. Error 0.291 (df = 78) 0.279 (df = 77) 0.280 (df = 76)
F Statistic 70.500*** (df = 2; 78) 53.802*** (df = 3; 77) 40.292*** (df = 4; 76)
Note: *p<0.1; **p<0.05; ***p<0.01

Notes: There is a strong significant positive correlation between credit spread, banks market
concentration, and net charge-off rate. The correlation with the quantity of C&I Loans outstanding
is significant and negative, consistently with the model (the elasticity between loan and loan rate

is negative).
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