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Abstract

We build a static general-equilibrium model with monopolistically competitive firms that
borrow funds from competitive banks in an economy subject to financial frictions. These
frictions are due to non verifiability of both ex post firm returns and managerial effort. Market
power has opposing effects. On one side, firms’ pricing over marginal cost reduces output
compared to perfect competition. On the other, by increasing firms’ profitability, market
power reduces the impact of financial frictions. The resulting tradeoff is ambiguous. We
show that, other things equal, there exists an optimal positive level of market power that
maximizes welfare. Such optimal degree of market power increases with moral hazard and
decreases with the efficiency of firm liquidation following bankruptcy.

Keywords: market power, moral hazard, bankruptcy, liquidation.

JEL classification: E44, G21, G33.



Resumen

Construimos un modelo de equilibrio general estatico con empresas monopolisticamente
competitivas que toman prestados fondos de bancos competitivos en una economia sujeta
a restricciones financieras. Estas fricciones son debidas a la imposibilidad de verificar tanto
los beneficios de las empresas como el esfuerzo de sus gestores. El poder de mercado tiene
dos efectos contrapuestos. Por un lado, las empresas marcan sus precios por encima del
coste marginal y la produccion resultante es inferior a la que se obtendria en competencia
perfecta. Por otro, debido al incremento en la rentabilidad de las empresas, el poder de
mercado reduce el impacto de las fricciones financieras. El resultado de la interaccion
de estos dos efectos es ambiguo. Este trabajo muestra que, ceteris paribus, existe un nivel
optimo positivo de poder de mercado que maximiza el bienestar. Este nivel aumenta
con el riesgo moral y disminuye con la eficiencia del proceso de liquidacion de las empresas
en caso de quiebra.

Palabras clave: poder de mercado, riesgo moral, bancarrota, liquidacion.

Cddigos JEL: E44, G21, G33.



1 Introduction

There is an extensive literature that looks at the interaction between the financial and the real sectors of an
economy, both from business cycle and economic growth perspectives (Levine, 2005; Brunnermeier et al.,
2011).

Within that literature, this paper deals with the role of firm’s market power in shaping the structural
macroeconomic consequences of financial frictions. Firm’s market power, other things equal, leads to prices
higher than marginal costs, which reduces output compared to perfect competition, causing a welfare loss.
However, by increasing firms’ profitability, market power could have a beneficial impact mitigating the
adverse effects that financial frictions could have on firms’ activity. Our contribution is to explore such
trade off in a static general equilibrium model in which firms are monopolistically competitive and subject
to financial frictions due to asymmetric information. Our main result is that, in the presence of bankruptcy
costs and moral hazard resulting from such informational imperfections, there is an optimal degree of market
power that maximizes welfare. That is, a fully competitive production sector would be detrimental to firms’
survival and to households’ welfare.

Our benchmark is a model with uncertainty due to demand idiosyncratic shocks. Households choose
how much labor to supply, how much to consume, the composition of consumption in terms of varieties, and
their amount of bank deposits. Firms produce final goods by employing labor. Since they have no financial
resources, they demand external finance provided by banks that compete ¢ la Bertrand. We depart from
the benchmark model by introducing two sources of financial frictions: non observability and verifiability of
both firm’s ex post returns and firms’ management effort. Non verifiability of ex post returns implies the use
of standard debt contracts in the financing of firms. As a consequence, bankruptcy emerges in equilibrium,
generating a loss of welfare that depends on the efficiency of the liquidation process. Non verifiability of
firm’s management effort generates the possibility of moral hazard. Firm’s management might have the
incentive to choose low effort to seek private benefits, even though this affects negatively firms’ prospects by
increasing the probability of adverse demand shocks. We provide a full characterization of the equilibrium
and the conditions for its existence, both in case moral hazard does not play a role, and in case it does and
economic activity is constrained as a result.

We calibrate the model in order to match evidence from US data related to the external finance premium
on commercial and industrial loans, and the rate of exit (default) of total private establishments. We use the
calibrated model to do comparative statics on the effects of firm’s market power and its interplay with the
efficiency of the liquidation process following bankruptcy. As it emerges from the numerical simulations, a
general feature of the model is that firm’s market power reduces the effects of financial frictions. The trade
off between this effect and the efficiency loss caused by firms pricing over the marginal cost is not trivial.
There exist an optimal level of market power that maximizes welfare. Such optimal level of market power

increases with the size of the bankruptcy losses due to the inefficiency of the liquidation process.
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Our paper contributes to the extensive literature on misallocation and macroeconomics, especially in
the presence of financial frictions. Several contributions have focused on the long-run consequences of
misallocation. For instance, Piketty (1997) shows that credit rationing due to moral hazard leads to the
possibility of low output and growth regimes, with high interest rates and higher wealth inequality. Galor
and Zeira (1993) discuss the possibility of non-ergodic wealth distributions emerging as a consequence of
exogenous credit constraints in the presence of non-convex production technologies. Banerjee and Newmann
(1993) provide similar multiplicity to the one studied by Piketty (1997) in a model with exogenous interest
rates. Banerjee and Moll (2010) argue that capital misallocation resulting from credit constraints can be
very persistent with quantitatively important consequences. Moll (2014) shows that financial frictions have
long-run lasting consequences with transitory productivity shocks, while if shocks are sufficiently persistent,
self-financing could still eventually be a good substitute for external finance. Buera et al. (2011) develop a
quantitative model to show that financial frictions distort the allocation of capital and talent across firms,
with adverse sizable consequences on Total Factor Productivity (TFP). They also show that this channel
explains a substantial part of cross-country variation in TFP, output per worker, and other measures of
productivity. Buera and Shin (2013) study how misallocation due to financial frictions affects significantly
the speed of convergence after reforms triggering an efficient allocation of resources. In the same vein,
Midrigan and Yi Xu (2014) show that financial frictions reduce TFP by distorting entry and technology
adoption decisions, as well as by generating dispersion in the return to capital across producers. The
importance of financial deepening for TFP growth also emerges as a strong result in the analysis by Jeong
and Townsend (2007).

Complementary to the above literature, we explore how market power affects the allocation of resources
and, therefore, aggregate output and welfare, by interacting with financial frictions due to asymmetric
information. Related to market power, Galle (2017) constructs a general equilibrium model to analyze
how competition affects the efficiency of capital allocation across heterogeneous firms in the presence of
financial constraints. He argues that lower market power results in lower markups, but also slows down
capital accumulation, thereby reducing the positive steady state impact of increased competition. Their
empirical findings based on data from India confirm such predictions. In the same vein, Jungherr and
Strauss (2017) study the effect of market power in a growth model of a small open economy characterized
by exogenous financial constraints. Higher market power brings higher earnings, which result in higher
self-financing of investment. In the presence of borrowing constraints, the higher self-financing strengthens
capital accumulation. Their empirical testing based on South Korea micro data confirms such prediction. In
Galle (2017) and Jungherr and Strauss (2017), the negative effect of competition in the presence of financial
constraints stems from the fact that more competition leads to lower profits, which reduce self-financing.
Differently, in our model, the negative effect of competition is due to the fact that less competition increases

firm’s profitability which makes firms less likely to go into bankruptcy, so that the endogenous financial
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frictions due to moral hazard and bankruptcy are mitigated. Furthermore, in our model financial frictions
are fully microfounded and their effects are explicitly derived from the rational behavior of both firms and
banks.

Our results could be extended to a dynamic framework including a source of endogenous TFP growth.
This would allow us to assess how market power affects economic growth depending on the development
of financial institutions and the efficiency of the bankruptcy procedures. As it is well known since seminal
work by La Porta et al. (1998), underdeveloped legal systems with poor protection of creditors’ rights
result in low financial development and more relevant financial frictions. In turn, the extensive literature on
finance and growth shows that financial development significantly affects economic growth (Levine, 2005).
Our results suggest that, in less developed environments (where bankruptcy losses and moral hazard are
likely to be more relevant), firms’ market power might reduce the effects of financial frictions and be growth
conducive.

The rest of the paper is organized as follows. Section 2 presents the model. In Section 3, we characterize
the general equilibrium. A baseline calibration of the model parameters is proposed in Section 4. Next, the
quantitative analysis begins in Section 5 examining the interaction between a low market power and high
private benefits to bring pervasive moral hazard. The analysis continues in Section 6 with a discussion of
the general equilibrium effects of financial frictions depending on firms’ market power and the liquidation
technology and in Section 7 commenting the welfare effects of suboptimal market power using the household

consumption equivalence. Section 8 concludes the paper with a summary of its main results.

2 The model

We consider an economy with households, firms and banks. Households receive salaries in exchange of labor
and dividends from banks and firms, using these sources of income to consume final goods. Firms use labor
and external finance to produce varieties of consumption goods. Banks issue deposits and finance firms’

operations.

2.1 Households

The economy is populated by a continuum of size one of households who live for one period. They choose
how much labor to supply, how much income to consume, and the composition of their consumption in
terms of varieties, where the latter choice is separable from the former two. They also decide their demand
for bank deposits. Their utility function is

oo ity

:l—a_wl—i-’)/ L)

u(e,n)

where, 0,7 > 0 are the elasticities of the marginal utility with respect to the consumption index, ¢, and

labor, n, respectively, and ¢ > 0 is a scale parameter that measures the relative weight of labor disutility.
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Taking the Dixit and Stiglitz (1977) aggregation scheme, the consumption index is

c= [/01 e(i)c(z‘)l_adz’] o

where ¢(i) is consumption of variety i, e(i) is a variety-specific shock, and 0 < § < 1 is the inverse of Dixit

and Stiglitz (1977)’s elasticity of substitution, which is also a measure of firm’s market power. We assume

that e(i) is uniformly distributed between [e, ], with € > ¢ > 0, and density function =1, so that its expected

value and variance are

Ble)] = [ selideli) = 5 (2
Varle(i)] = /EE; (e(i)—g—;§> de(i) = 5 (¢ — o) 3)

Individuals make their consumption decisions after the realization of the idiosyncratic shock, therefore they
face no uncertainty. Accordingly, the inverse demand function for variety 4 is found to be!
p(i) (e
——=el@)(— (4)
D c
where, the idiosyncratic shock e(i) brings an exogenous demand shift and

0

p=[ [ w7 e ) )

is the Dixit-Stiglitz price index.

The sources of income for the households are the salary, wn, at a competitive real wage, w; firm’s
dividends, dy; banks’ dividends, dy; and bank deposits, dep, pay a risk-free interest rate, v, which is equal
to the opportunity cost of deposits.? Households decide the level of consumption, ¢, and labor supply, n, so

to solve the following maximization problem:?

leo nlJr’y
max —
{¢,n,dep} 1—0 1+7

s.to: ¢ <wn+dp +dy+rdep

dep < wn

'See technical Appendix for the proof.
?We could provide a full analysis of household’s decision to deposit within banks versus alternative risk-free assets. However,

it is clear that so long as r exceeds the return on alternative assets, households will choose deposits. Therefore, in equilibrium

r will be equal to the return on the alternative asset. We impose this result upfront to simplify the exposition.
3In principle, we should also explicitly assume that households have an endowment of time equal to x, and therefore impose

the constraint that the amount of labor they choose to offer, n, cannot exceed, x. Rather than doing that, we solve the model
under the implicit assumption that the unconstraint level of labor supply is lower than x. This is always verified for x sufficiently

large.
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The first order conditions are

c?74+XN =0

—Yn’ —(A+p)w = 0

Ar+¢ = 0
wn+dy+dy+rdep = ¢
dep = wn

where A and ¢ are, respectively, the Lagrangian multipliers of the budget constraint and the deposits’

constraint. Hence, the optimal labor supply schedule satisfies

~YnTc?

sy ©)

and the budget constraint can be rewritten as follows

c=14+r)wn+ds+dy (7)

2.2 Role of financial intermediation and financial frictions

Firms hire labor and pay wages before they produce. Accordingly, they need external financial resources,
which are supplied by banks that issue nominal claims to firms in exchange for a future promise of repayment.
Workers deposit their salaries in the banks.

We introduce two sources of friction in the economy: non verifiability of ex post firm returns and moral
hazard. Non verifiability of ex post returns implies that firms’ external finance takes the form of a standard
debt contract (Bolton and Dewatripont, 2005, chapter 5). As it will be discussed later, firms finance their
activity by means of bank loans at an interest rate, ry. As a result, bankruptcy emerges, which can be a
source of inefficiency.

We model moral hazard by assuming that the distribution of the idiosyncratic shock, e(7), is affected by
the level of effort exerted by firm’s management, which can either be high or low and it is not contractible.
In particular, we assume that the level of effort exerted determines the lower bound, €, of the support of the
distribution of e(7), which equals € if firm’s management exerts high effort, and ¢; in case it exerts low
effort, with €; < €. As a consequence, the expected firm’s revenue would decline in the presence of low
effort, while its variance would increase.

However, we assume that if firm’s management exerts low effort it appropiates private benefits by
misusing funds as in Tirole (2006). In other words, exerting low effort enables the managers to focus on
distracting resources away from the firm, thereby generating a private benefit. We model private benefits

as a fraction b of the size of firm’s loan, and independent of the realization of the idiosyncratic shock.*

4 An alternative way of introducing moral hazard is to measure the private benefit in terms of effort disutility.
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Accordingly, a higher volume of activity, that implies more financial resources borrowed by the firm, generates
higher private benefits if the firm’s managements exerts low effort. Thus, also as in Tirole (2006), in our

model private benefits enter the expected payoff in an additive way.

2.3 Firms

The economy is populated by a continuum of size one of firms operating in a monopolistically competitive
market. Firms are operated by management that appropriates profits and private benefits. Each firm
produces one differentiated variety of consumption good, facing the Dixit-Stiglitz inverse demand constraint
(4). The optimal choice of output produced takes place before observing the realization of the idiosyncratic
demand shock, e(i). Regarding the production technology, firm ¢ produces, y(i); using labor, n(i); according

to the following linear production function:

y(i) = An(i) (8)

where A > 0 is a productivity parameter. Since firms do not have internal financial resources, they should
get external finance in order to pay salaries, wn(7). In particular, given the production function (8), in order
to produce y(4), firm ¢ needs to demand a loan of size wy(i)/A. Accordingly, given the interest rate, r¢, the
total cost for firm ¢, producing y(), is (14 7¢) wy(z)/A.
Recalling the demand function (4), the total real revenue for firm 7 is
i) (e
2y = et (22) ot
We note that firm’s revenues depend on the realization of the idiosyncratic shock, e(i). Using market-clearing

conditions at firm level, ¢(i) = y(i), we obtain
p(@) . , N1-
P00 = etirey(iy' - Q

Firm 4’s bankruptcy occurs if total revenues are lower than payments due to banks. The firm is otherwise

solvent. Accordingly, the firm goes bankrupt if and only if

e(i)y(i) 0 < (1+ Tf) w%

This brings the following definition of the critical shock®

&(i) = max {g, (1+7) %y(z’)%*"} (10)

o~ .

Hence, firm i goes bankrupt if € < e(i) < €(t), being solvent otherwise. In the event of bankruptcy, the firm

earns zero, and the bank appropriates the liquidation value of the firm (to be defined below). Therefore,

°In practical terms, the value of the critical shock €(4) implied by (10) is (14 rf) %y(i)’c™?, unless market power 6 becomes

sufficiently high to give a value of €(i) below its lower bound e. For those cases, (10) sets (i) = e.
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firm’s management has the incentive to declare bankruptcy if and only if e(i) < €(i), and to repay the loan

otherwise.

2.3.1 Firm’s optimal output choice conditional on effort

Since the representative firm ¢ chooses how much to produce, y(i), before observing the realization of the

shock, e(i), it does so in order to maximize its expected profit conditional on effort. If the firm chooses high
managerial effort, €;;, expected profits are

3

E(w(i)len) = |

e(i)

where solving out the integral, we reach

& — gli)? e— 2 wyl(i
B(r(ien) = e e'y(' 0 = = (14 7y) 40 (1)

The first order condition for the choice of output produced, y(i), then is

€ +2€(i)cl9y—0(,i) _ (1 1 9) (1 +Arf) w -0 (12)

Firms operate in monopolistic competition and the marginal revenue (left-hand side in (12)) is a constant
mark-up, 1/(1 — #), over the marginal cost, (1 + r¢)w/A. Solving equation (12), for y(i), we find

L (A=) AE+e)\Y

Conditional on low effort, €;, firm ¢ expected profits including private benefits are

Br(0ler) = Gy~ - (= 1 - 0) 2 (1)

€—¢p (€—er) A

which implies the following first order condition for output, y(),

(1-0) (@ -2(@) , (i) — ((E —e(i))

2(€—e¢r) °Y (€—¢r)

(1+rf)—b>%:o (15)

Solving for y(7) yields

=

(i) = (1-0)A(e+ f(je)) . (16)
2w (1 +ry— ﬁ)

2.3.2 Effort choice and incentive compatibility

Let us now analyze the effort choice made by the firm’s management for a given level of production. The
essence of the moral hazard problem is that effort cannot be monitored and it is not contractible. Hence, if
banks are willing to finance a firm conditional on firm’s management exerting high effort, the loan contract

should preserve the incentives of the firm’s management to do so. In other words, firm’s expected profits
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conditional on high effort (9) should be higher than firm’s expected profits conditional on low effort (12),
ie. E(m(i)|ley) = E(m(i)|er). Therefore, the incentive compatibility constraint (ICC) takes the following

form

—
€—¢€py €—¢€r,

N

e(4) (€+’§\gi269y179(i) 1+ Tf) w%i)) > e—e(i) (E+’§(i) Ceyke(i) B §1+r{4)wy(i)> + b%ﬁ (17)

Using equation (12) to substitute in (17) results, after some algebra, in the following inequality:

b1-0)(E—c ;) (F—e,)
Tf 2 T A en—e)f - (18)

The ICC is satisfied in equilibrium if 7 exceeds the threshold defined by the right-hand side of (18).°

2.4 Banks

The economy is populated by a continuum of size one of banks, which finance firms’ operations. Banks
provide loans and issue deposits paying a real risk-free interest rate, . Firms borrow from banks by means
of a standard debt contract at the real interest rate, 7;. Accordingly, the bank receives a return r; per
unit of loan if firm ¢ is able to repay, and appropriates the liquidation value of the firm in the event of

bankruptcy. Since bankruptcy occurs if and only if e(i) < €(i), before the realization of the idiosyncratic

shock, the expected value of a loan of size [(7) extended to a firm i exerting effort € is

/; <_ 1 (1+7ry) l(i)) de(i) + lv(i) (19)

() \€ €

where in equilibrium [(7) = wy(i)/A. According to equation (19), banks’ expected profits account for the
expected return upon firm survival and the expected liquidation value, lv(7), upon bankruptcy, which is

given by the following expression

e(i) 22(5) — €2
(i) = 7 / - ! e(i)y()! e deli) = T%y(i)l—%@ (20)

with 0 < 7 < 1. Hence, we assume that, in the case of bankruptcy, the expected liquidation value (20) is a

fraction 7 of firm’s revenues, where 7 measures the efficiency of the liquidation procedure. Conversely,

e 2
loss(i) = (1 — 1) 5 y(i) =0 (21)

measures the expected loss associated with each loan.
We note that, if the loan size is the same across firms, equations (20) and (21) also measure aggregate
expected values. Also, since we have no aggregate uncertainty, by the law of large numbers, such aggregate

expected values are the same as the ex post aggregate realizations.

®The standard result on the effects of moral hazard finds that a higher interest rate reduces the incentives to exert high effort
(Tirole, 2006, chapter 3). Such relationship holds in our original expression of ICC, (17), as the marginal cost of a higher r is
greater for a firm that exerts high effort (left-hand side) than for a firm that exerts low effort (right-hand side). Remarkably,
the equilibrium expression (18) goes on the opposite direction: a higher interest rate would prevent firms from deviating to low

effort. The reason is that we have incorporated the optimal choice of firm-level output.
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A necessary condition for banks to be willing to finance firm 7 is that the expected return of the loan is

greater or equal than the cost of issuing the corresponding deposit, i.e.

€ —eli)

— (L+7p)l(3) +lv(i) > (14 7)i(0) (22)
where the left-hand side is obtained by taking the integral in (19), and the right-hand side measures the cost

e—2li)

of the deposit. Note that is the probability of repayment (firm’s survival). We assume that banks set

the interest rate ry and compete a la Bertrand, serving any demand at the interest rate they set.

3 General equilibrium

We now characterize the general equilibrium and discuss the existence conditions. First, let us describe the

timing of events:

Stage 0. Given the relative prices, the risk-free interest rate and the real wage, households choose con-
sumption and consumption varieties, demand deposits and supply labor. Depending on wages and the
interest rate on loans, firms demand labor and loans, and choose production. Banks issue deposits at

the risk-free interest rate, choose the loan interest rate and supply loans.
Stage 1. Firms’ management chooses effort.

Stage 2. Idiosyncratic shocks take place and payoffs are realized.
Having described the timing of events, we define the equilibrium as follows:

Definition 1. Given the exogenous risk-free interest rate, r, a general equilibrium is:

- a set of relative prices p(i)/p fori € [0,1]; a loan interest rate, v¢; and a real wage, w;

-a set of quantities for the varieties of consumption goods, y(i) for i € [0, 1]; labor, n; deposits, dep; and
loans, ;

- a managerial effort level, ¢;

such that agents are playing their best strategies and the markets for goods, labor, deposits and loans all

clear.

In principle, we have three types of equilibrium:

1. Unconstrained equilibrium with high effort. In this case, the ICC given by inequality (18) is not
binding and competition among banks brings ry down to a level such that banks make zero expected

profits.

2. Constrained equilibrium with high effort. In this case, the ICC is binding, and banks make positive

expected profits.
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3. Equilibrium with low effort. The ICC does not apply since banks lend independently of firm’s man-
agement effort choice, and competition among banks brings ry down to a level such that banks make

zero expected profits (conditional on low effort).

3.1 Unconstrained equilibrium with high effort

Let us start analyzing the unconstrained equilibrium with high effort. We solve for the general equilibrium of
the model under the assumption that the ICC is slack, and then study the necessary and sufficient conditions

for this conjecture to hold. First, we find the equilibrium value of the critical realization of the shock, (7).

~/ -

Plugging the output optimality condition (12) in equation (10), with (i) > €, after some algebra we obtain

(1-0)

170)° (23)

o) =

Therefore, the critical shock goes down if firm’s market power increases (higher ) or the maximum value
of the shock falls (lower €).

Since banks compete ¢ la Bertrand, in an equilibrium with high effort, they undercut each other, so long
as the ICC is satisfied. Accordingly, in an unconstrained equilibrium with high effort, banks’ equilibrium
interest rate is such that they make zero expected profits. This implies that their participation constraint

(22) must hold with strict equality

€—efd) y(w () € 160 _ y(i)w
o (I+7y) I +T2(E—§HI§ ()0 = (147) "

where, in (22), we have substituted for lv(7) using (20) and (i) = y(i)w/A. We can rewrite the above

expression plugging the optimality condition (12) to get, after some algebra

€—€H (I+r7)

Tf == —_2(3 e2(1)—e2
47 ()

—1 (24)

where the equilibrium value of €(7) is given by (23).
In the unconstrained equilibrium, banks make zero profits, so that d, = 0. As for firms’ dividends, they

are equal to firms’ expected profits’

_pn 0, N\1—0E — (4)
U= S )

Substituting for dy in the household budget constraint, (7), and also using dj, = 0, we get

wy(i) e O
(1+ r)T + 0y (i)! em =c (25)

"This expression for dy is obtained by substituting the optimality condition (12) into the equation that defines the expected

profit conditional on firms’ management exerting high effort (11).

BANCO DE ESPANA 16 DOCUMENTO DE TRABAJO N.° 1929



Plugging the labor market-clearing condition, n = y(i)/A, in the optimal labor supply schedule (6) we have

o(H0Y o -

Finally, we study the necessary and sufficient conditions for the ICC to be slack. First of all, given the

incentive compatibility constraint (18), the interest rate on loans, r¢, should satisfy

b(l—@)(E—g )(E_E ) __ _min
i o ) (e T (27)

Using the equilibrium value of the critical shock, €(7), given in (23), substituting for ; using equation (24),

and rearranging terms to solve analytically for the cutoff value of b, we obtain

0(1+7) (e — 1)
b < - i (28)
1= 047 (WG OR) (Ecr)

It is immediate to verify that the right-hand side of the above condition is an increasing function of 8, which
takes value zero for 0 = 0. Accordingly, there exist a critical value for 6, such that the above condition
is satisfied if and only if 6 exceeds such critical value. Therefore, in order for the economy to be in an
unconstrained equilibrium, firm’s market power should be sufficiently high. Moreover, the level of firm’s
market power needed for an unconstrained equilibrium to exist increases with the rate of private benefits b,
i.e. with the relevance of the moral hazard problem. The role of firm liquidation is captured by the effect
of the parameter 7 on the right hand side of (28). A more efficient liquidation technology (higher 7) would
require a lower private benefit rate to prevent moral hazard. The reason is that firms have more incentives
to deviate to low effort when liquidation upon default is less costly and the interest rate of lending is lower.

However, the existence of an equilibrium with high effort, independently of whether constrained or not,
requires an additional necessary condition. Namely, firm’s management should have no incentive to deviate

from high effort to low effort.® Given a high effort equilibrium, firm’s management has no incentive to

deviate if
m(i) e < 7(0)ley
where
(i) g = T2 (T (i) — (1+7y) 242
and

€—er (i) (E+€2L(i COyIIJ—G(Z-) . (1+Tf,L)wyL(i)) —|—bwyj(i)

m(i)len1 = T, A

This condition must be verified taking the aggregate variables (real wage and aggregate consumption)

evaluated at the equilibrium with high effort. As for the expected profits in case of deviation, 7 (i)|eg.. .,

$Note that if firms deviate to low effort, they anticipate that, in the subsequent subgame, banks will undercut each other

charging them an interest rate such that banks make zero expected profits conditional on firms’ management exerting low effort.
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these are obtained considering the optimal output if firm’s management deviates to low effort, yr,(7); the

related interest rate of the loan, r r; and the critical shock, ef,(z).”

3.2 Constrained equilibrium with high effort

Let us now analyze the constrained equilibrium with high effort. Banks undercut each other until the ICC
is binding. Hence, given equation (27), substituting for the equilibrium value of €(7), which is still given by

equation (23), the equilibrium interest rate satisfies

b(1-6%)(F—ey)(F—€;)
E ( QQQE(EHfEL) . (29)

The equilibrium values of wages, production, and consumption, are found as before (see technical Appendix).

In the constrained equilibrium, banks make strictly positive profits, so that bank’s dividends are given by

€ —e(i)

€—¢€

L+rp)— (1 +7)|wd +

dp = 4

where [v is the expected aggregate liquidation value obtained from (20).

3.3 Equilibrium with low effort

Let us first focus on the equilibrium value of the critical realization of the shock, €(i). Combining equations

(10), with €;, < e(i), and (15) yields

1 . 0 <€2_— é(z’)2> _ <€_— e@ b )g(i) (30)

c—e, 1l+ry

The above condition gives the equilibrium value of €(i) as an implicit function of the equilibrium value of
ry. As for the equilibrium value of r¢, we note that in any unconstrained equilibrium with low effort, banks
undercut each other until they make zero expected profits, that is

1)w 22(7) — €2 A

Using the expression for optimal output with low effort (16), we can rewrite the above condition as follows

(31)

e—er 1-0\ (E+e(@)(e—e)  E—e(0)

(+r)E-2i) <<1+rf>(€2<i>—s%) 6(32(i)_§%)>:1+r

which implicitly states a relationship between the equilibrium values of r¢ and €(¢). The equilibrium values
of ry and €(i) are found combining (30) and (31). The equilibrium values of wages, production, and

consumption are then found as discussed in the technical Appendix.

9See the technical Appendix for the equations that determine yr.(7), v,z and €z (7).
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For the existence of the low-effort equilibrium, it must be checked that firm’s management has no

incentive to deviate from low effort to high effort. The formal condition is

(i) ep g < w(i)|eg

where
T(i)|€pp = ===

E—e;{Hz (E—&—eéq z[ceyb—e(i) . (1 + Tf,H) wy}z?z!)

is firm’s expected profit if firm’s management deviates from low effort to high effort (given the equilibrium

values of real wage and aggregate demand), and

m(i)le, = 5 <E+ 20y =0 (i) — w> + b2
is the equilibrium expected profit if firm’s management exerts low effort. The equations that determine
yr(@), 7¢,r, and e (i) are shown in the technical Appendix.

The analytical solutions for both the unconstrained and the constrained equilibria have been derived in
the technical Appendix. They are too complicated to explore the model analytically. In addition, we have
not been able to derive an analytical solution for the low effort equilibrium. Subsequently, our strategy to
understand the implications of market power and bankruptcy costs for production and welfare will be based
on numerical simulations. Hence, we introduce in the next section a baseline calibration of the parameters

of the model and in Sections 5, 6 and 7 we conduct exercises that modify the values of key parameters to

discuss their quantitative effects on output, consumption, default rates or welfare.

4 Calibration

We set the baseline calibration of the model so that the economy is in a general unconstrained equilibrium
with high effort. The calibration takes into account realistic values for both the external finance premium
and the probability of default, defining a model for annual observations. Table 1 reports the calibrated
parameters of the model.

Labor productivity is normalized at A = 1.0 so that labor and output produced are identical. The
inverse of the Dixit-Stiglitz demand elasticity is set at § = 0.34. This implies that firm’s dividends bring
31% of total income in the steady state, whereas labor income contributes to 66% of it.

Household preferences are modulated with an elasticity of utility with respect to consumption o = 1.25,
which is close to the common case of log preferences on consumption. The elasticity of the disutility with
respect to labor is v = 2.0 to bring a Frisch elasticity of labor supply at 0.5, which is consistent with the
empirical evidence (Altonji, 1986; Domeij and Flodén, 2006). The scale parameter that captures the weight
on labor disutility in the utility function is set at ¢ = 0.68 in order to normalize output to one in the
unconstrained equilibrium with high effort. The risk-free real interest rate, r is fixed at 1%, which is a

reasonable assumption for a model that delivers annual observations.
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Table 1. Calibration of parameters

A Labor productivity 1.00
0  Inverse Dixit-Stiglitz elasticity 0.34
o Elasticity of consumption 1.25
~v  Elasticity of labor 2.00
1 Weight of labor disutility 0.68
r  Risk-free interest rate 0.01
b Private benefits rate 0.03
€ Upper bound shock 1.40
ez Lower bound shock with high effort 0.60
€7, Lower bound shock with low effort 0.51

7  Liquidation value per unit of firm revenue 0.80

The private benefits rate related to the possibility of moral hazard is set at b = 0.03, which implies that
firm’s management exerting low effort collects 3% of the total value of the loan. The shock distribution is
bounded between € = 1.4 and €5 = 0.6 in the case of high managerial effort, which results in an expected
value of the shock equal to 1. When firm’s management exerts low effort, the lower bound slips down to
€;, = 0.51, i.e. 85% of the value assigned under high effort. The fraction of the value of firm revenues that
banks are able to recover in the event of loan default is set at 80%, i.e. 7 = 0.8. The equilibrium values of

the endogenous variables resulting from the baseline calibration are provided in Table 2 below.

Table 2. Equilibrium values of the endogenous variables

Output, y 1.0000
Consumption, ¢ 0.9782
Probability of default, d 0.1119
Interest rate of loans, r¢ 0.0393
Critical shock, €(4) 0.6896
Real wage, w 0.6585
Labor, n 1.0000
Loan value, [ 0.6585
Liquidation value, [v 0.0573
Bankruptcy loss, loss 0.0240
Expected profit, E(m(i)) 0.3131
Social welfare, U -4.2500
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The probability of default, d, is 11.19%, and the annual real interest rate of loans, r, is 3.93%, giving
a spread with respect to the risk-free asset of 2.93%. This number is close to the average gap between
the Commercial and Industrial Loan rates over the intended Federal Funds rate for the US economy in the
period between 1993 and 2017, which is 2.32%.!° The probability of default also matches the annual rate
of exit of US total private establishments in the same period, which equals 11.69%.!

As we mentioned before, the above solution satisfies the necessary and sufficient conditions for an un-
constrained equilibrium with high effort to exist. In particular, the minimum value of 6 necessary for the
existence of such equilibrium is equal to 0.2678. Moreover, firm’s expected profits if firm’s management
exerts low effort are equal to 0.3014. This is strictly lower than equilibrium expected profits, which are

equal to 0.3131, making that deviation unprofitable.

5 Pervasiveness of moral hazard

In this section we analyze how, in the presence of moral hazard, the equilibrium with high effort is either
constrained or not. We know from previous discussions that a necessary condition for an unconstrained
general equilibrium to exist is that condition (28) is not binding. If (28) is binding, moral hazard is

pervasive, and then the equilibrium with high effort is constrained. Based on the baseline calibration of

Figure 1: Constrained versus unconstrained equilibrium with high effort depending on 6 and b.
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0Source: Survey of Terms of Business Lending released by the Board of Gobernors of the Federal Reserve System

(http://www.federalreserve.gov /releases/e2 /e2chart.htm).

"'The average rate of exit has been computed using the quarterly series of establishment deaths included in the Business

Employment Dynamics report released by the Bureau of Labor Statistics (BLS).
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the model, we will now discuss how the pervasiveness of moral hazard depends on: (i) firms’ market power,
0; (ii) the rate of private benefits, b; and (iii) the effect that low effort has on the variability of the shock,
proxied by (e — €;). These are the model elements that mostly affect the intensity of the moral hazard

problem.

Figure 2: Constrained versus unconstrained equilibrium with high effort depending on 6 and €5 —¢;.
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Figure 1 displays the combinations of market power and private benefit rate that lead to either an
unconstrained or a constrained equilibrium with high effort. Similarly, Figure 2 shows the combinations
of market power and the effect that low effort has on the variability of the idiosyncratic shock that lead
to either an unconstrained or a constrained equilibrium. The values plotted in Figures 1 and 2 have been
obtained for the baseline calibration of the model. In both graphs the symbol “x” represents the baseline
calibration values for 0, b and (e — €;.)-

For each rate of private benefits, Figure 1 plots the line related to the minimum level of market power
required for the equilibrium to be unconstrained. This line marks the frontier between two regions. In one
region, characterized by a high 6 combined with a sufficiently low b, the ICC is not binding. In the other
region, characterized by a low 6 combined with a sufficiently high b, the ICC is binding. Therefore, if either
the private benefit rate is high enough, or the firm’s market power is low enough, the economy enters a
constrained equilibrium due to moral hazard. In the first case, the high private benefits collected if firm’s
management exerts low effort make moral hazard pervasive and Bertrand-type competition across banks
becomes less effective. Banks optimal strategy is to keep the interest rate, vy, above the level that would
imply zero expected profits, which preserves the incentive of firm’s management to exert high effort.

A constrained equilibrium may also emerge due to a low market power. For a given level of the private

benefit rate, if firms have less market power, their expected profits in case of high effort go down, and
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private benefits associated with low effort become more attractive. This strengthens the incentive for firm’s
management to exert low effort. In this situation, banks’ optimal strategy is to keep the interest rate at
a higher level. Clearly, in the absence of private benefits, b = 0, the unconstrained equilibrium is the only
equilibrium for any degree of firm market power, as moral hazard disappears.

For each level of the difference (e;; —€; ), Figure 2 plots the line related to the minimum level of market
power required for the ICC to be not binding. Equivalently to Figure 1, this line marks the frontier between
two regions. In one region, characterized by a high 6 combined with a sufficiently low difference (e — €;,),
the ICC is not binding. In the other region, characterized by a low 6 combined with a sufficiently high
difference (e — €;,), the ICC is binding.

While more market power results in higher expected profits, a larger difference (e;; — €;) implies a
larger drop in firm’s expected profits if firm’s management exerts low effort. Therefore, the unconstrained
equilibrium with high effort turns more likely both with a higher value of # and a higher value of (e;; —€;).
The intuition is that both large market power and large profits losses due to low effort reduce the case for

moral hazard as firm’s management has less incentive to exert low effort.

6 General equilibrium effects

In this section, we analyze how the macroeconomic variables react to the two sources of financial friction
contemplated in our model: bankruptcy and moral hazard. Bankruptcy causes an inefficiency due to the fact
that liquidation upon default results in a loss of value so long as 7 < 1. Moral hazard causes an inefficiency
because, when it is pervasive, the equilibrium with high effort is constrained and characterized by a higher
interest rate. We explore the general equilibrium effects of these two frictions for alternative values in the

following structural parameters: (i) market power, 6, and; (ii) efficiency of the liquidation technology, 7.

6.1 Market power

Using the baseline calibration, Figure 3 displays the equilibrium values of the key endogenous variables of
our model as # moves from 0.20 to 0.45. We identify three regions delimited by solid vertical lines. From
left to right, the first region corresponds to an unconstrained equilibrium with low managerial effort, the
second region corresponds to a constrained equilibrium with high effort and pervasive moral hazard, and the
third region corresponds to an unconstrained equilibrium with high managerial effort. The economy is in an
unconstrained equilibrium with high effort for values of 6 between 0.268 and 0.450, where firm’s expected
profit is maximum and the probability of default is zero for values of € higher than 0.4 (see values to the right
of the vertical dashed lines in Figure 3). In such unconstrained equilibrium, an increase in 6 reduces output
while firm’s dividends and welfare, measured as the level of households’ utility (1), continue to increase.

Moreover, consumption, loan interest rate, probability of firm default, and firm’s liquidation value keep
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falling, while bank’s expected profits (bank dividends) stay at zero. The fact that welfare continues to grow,
even if consumption is falling, can be explained by the reduction in disutility from labor accompanied by a
lower bankruptcy loss. For values of 6 between 0.258 and 0.268, the economy is in a constrained equilibrium
with high effort. Remarkably, given that the ICC is binding, banks charge the minimum interest rate. An
increase in # increases output, consumption and welfare as the cost of borrowing, the probability of default
and the bankruptcy losses keep falling. Finally, for # smaller than 0.258, the economy is an unconstrained
equilibrium where firm’s management prefers to exert low effort.

Low market power may lead to an equilibrium with low effort. This region of low effort equilibrium,
plotted in Figure 3 for values of 6 € [0.200,0.258], is characterized by a relatively high level of output and
the lowest levels of consumption and welfare. Output is relatively high due to the lower level of market
power as well as to the fact that firm’s management enjoys private benefits, which positively depend on
output. Consumption falls significantly as the default rate soars and dividends are substantially reduced.
Household utility (welfare) is the lowest of the three possible equilibria due to low consumption and high

labor supply.

Figure 3: General equilibrium effects depending on market power, 6
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As Figure 3 shows, increasing market power brings a hump-shaped response of consumption. Unlike
in a frictionless economy, market power has a beneficial impact because it mitigates the effects of financial

frictions. More market power means higher expected profits conditional on high effort, a lower probability of
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default and, more importantly, a lower incidence of moral hazard. If this effect is greater than the efficiency
loss from firm’s mark-up, a higher market power may turn socially desirable because the reduction of output
may be lower than the reduction of bankruptcy losses. Figure 3 indicates that the value of 6 that yields the
highest level of welfare is 0.4. Such optimal value of # might change with alternative parameterizations of

the model, as discussed in Section 7.

6.2 Effects of liquidation technology

We now turn to the analysis of how the efficiency of the banks’ liquidation technology affects the economy.
Figure 4 shows the behavior of different macroeconomic aggregates for 7 € [0,1]. The case in which 7 =0
refers to an economy in which banks are unable to recover any of the loan value in the event of firm’s
bankruptcy. The case in which 7 = 1 refers to an economy in which liquidation upon bankruptcy is fully
efficient and the bank collects all the firm revenue to cover for the value of the defaulted loan. For values
of 7 € (0,1), keeping the baseline calibration values for the other parameters, the economy is always in an
unconstrained equilibrium with high effort. The values associated with the baseline calibration (7 = 0.8)

are marked with an asterisk “x” in Figure 4.

Figure 4: General equilibrium effects depending on liquidation technology, 7
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As we can see, the liquidation value grows with 7. A more efficient liquidation technology means that,
in the event of bankruptcy, banks are able to use more firm revenue to recover part of the value of the loan.
Accordingly, the loan interest rate falls with 7. Note, also, that both consumption and output grow in 7.
The increase in output is due to the fact that a better liquidation technology means lower interest rates and

therefore a lower marginal costs for firms, which induces them to produce more. Meanwhile, consumption
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rises because of the increase in both labor income and firm dividends collected by the households. Figure
4 also shows that welfare increases with the efficiency of liquidation, and its maximum value is attained at
the fully efficient liquidation technology (7 = 1.0). Note that the positive effect of higher consumption on
the utility dominates the negative effect of higher labor supply.

7 Welfare analysis

In this section, we evaluate how market power and the efficiency of liquidation in the event of default
affect welfare. Figure 5 displays the welfare costs for alternative values of 6 (across horizontal axis) and
7 (across plots), with vertical lines defining the three aforementioned equilibrium regions. Welfare costs
are measured in terms of the percentage of forgone consumption with respect to the benchmark economy
in which liquidation is efficient, 7 = 1, and household utility reaches its maximum value. Table 3 reports
these welfare costs for several values of market power, 6, and efficiency of liquidation, 7. For the baseline
calibration values of # = 0.34 and 7 = 0.8, the welfare cost is 3.34% of output. Table 4 shows the value of
0 that minimizes the welfare costs for a given value of 7. Welfare costs behave differently with respect to 6,

depending on 7. As it can be seen from Figure 5, and from Tables 3 and 4:

1. For values of 7 < 0.837, the welfare cost is minimum at the market power value of § = 0.4 (see dashed
vertical line in Figure 5), which implies a probability of firm default equal to 0 and, therefore, an
interest rate of the loan equal to the risk-free interest rate. Reducing market power (moving to the left
in the plots of Figure 5 and in Table 3) decreases welfare because of the reduction in consumption that
comes with higher firm default and borrowing costs. Increasing market power (moving to the right in
the plots of Figure 5 and in Table 3) also decreases welfare because of the reduction in consumption
resulting from a higher firm mark-up and a lower labor income. However, for values of T € [0.837, 1],
the minimum welfare cost is not found at the value of 6 that eliminates firm default. In this case,
having less market power is socially desirable even though it brings some bankruptcies. In particular,
welfare cost first decreases and then increases, so that there exist a unique value of optimal market
power. For example, when 7 = 0.9 welfare is maximized for # = 0.341 as it can be seen in Figure 5
and Table 4. When liquidation technology is highly efficient, the trade-off between the welfare gain
from increasing competition and the welfare loss from higher default rates favours the latter. As a
special case, for 7 = 1, the optimal market power is at the corner point between the unconstrained
and the constrained equilibrium with high effort (see Figure 5). Therefore, welfare is maximized
at the minimum level of market power required to prevent the pervasiveness of moral hazard. The
corresponding value of § = 0.274 brings a global optimum level of market power and the welfare cost

is null.
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2. For any given value of § < 0.4, welfare costs are a decreasing function of 7. Lower values of 7 mean
less efficient liquidation, which entails higher welfare costs.'?> Once market power is high enough to

eliminate firm default (0 > 0.4), the welfare cost remains the same at different values of 7.

Table 3. Welfare cost of financial frictions (% of output)

0

020 026 0.30 0.34 040 0.45
0.75|17.61 7.24 528 391 249 3.55
0.80 | 14.59 591 4.30 3.34 249 3.55

7 0.85|11.50 932 332 277 2.49 3.55
090 | 834 714 234 220 249 3.55
095 510 493 135 1.63 249 3.55
1.00 | 1.79 2,69 0.36 1.06 2.49 3.55

Table 4. Optimal market power and efficiency of liquidation

0 Welfare cost (% of output)
T=0.75 0.400 2.49
7 =0.80 0.400 2.49
7 =0.85 0.396 2.48
T =10.90 0.341 2.20
7 =10.95 0.273 1.28
T =1.00 0.274 0.00

The economic interpretation of the observed relationship between welfare cost and market power is
the following. A higher level of market power implies higher expected firm’s profits and therefore (i)
makes exerting low effort less attractive for firm’s management, and; (ii) reduces the probability of default.
Accordingly, market power helps preventing moral hazard and reduces bankruptcy losses, where the latter
effect is weaker the higher is the value of 7, vanishing completely for 7 = 1. Hence, with a fully-efficient

liquidation technology (7 = 1), the only positive effect of market power is to prevent moral hazard. This is

12There is a special case reported in Table 3. For 6 = 0.26, welfare cost rises as 7 changes from 0.80 to 0.85. This breaks
down the continuity in the welfare gains of a more efficient liquidation technology. The reason of this special case is that the
equilibrium of the economy switches from unconstrained to constrained due to pervasive moral hazard. This shows that lower
bankruptcy costs bring an incentive for firms to deviate to low effort. As condition (28) implies, a higher 7 would require a

lower private benefit rate b to prevent pervasive moral hazard.
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Figure 5: Welfare cost of financial frictions
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the reason why the optimal value of market power in this case is equal to 0.274, which is the minimum level
of 6 necessary to sustain an unconstrained equilibrium with high effort. As 7 goes down, market power also
contributes positively to welfare by reducing losses related to bankruptcy. This explains why the optimal
value of market power increases above 0.274 to reach the no-default case when 6 = 0.4. If liquidation
technology brings a severe bankruptcy loss, the socially desirable market power is large at 6 = 0.4.

In all cases, the optimal degree of market power is the one that balances the positive effect of a higher
0, due to the mitigation of moral hazard and the reduction of bankruptcy costs, with the standard negative
effect that results from a higher firm’s mark-up and lower production compared to a perfectly competitive

market.

8 Conclusions

We developed a static general equilibrium model with monopolistically competitive producers and financial

frictions due to the non verifiability of firms’ managerial decisions and of ex post profitability. Our analysis
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shows that, aside from the standard negative effect, which adversely affects welfare, market power mitigates
financial frictions. The resulting trade off between benefits and costs of increasing competition is not trivial.
We find that, generally, the presence of financial frictions might require some degree of market power in
order to maximize welfare and prevent pervasive moral hazard. Deviations from such optimal degree of
market power may have significant welfare effects. For example, the welfare cost of financial frictions in
the calibrated model amounts to a 3.34% loss of output, associated with a firm’s default rate of 11% and
a loan interest rate almost 3% above the risk-free rate. As documented in the paper, this cost increases
substantially when the economy faces pervasive moral hazard or when the efficiency of liquidation is low.
Therefore, in economies with underdeveloped financial systems, in which financial frictions are relevant,
promoting competition in the production sector might be detrimental to macroeconomic performance. In
order to benefit from competition, these economies should undertake reforms, including that of the legal
system, that foster the development of financial institutions to reduce moral hazard and make firm liquidation
more efficient.

Our setup could also be extended to dynamic frameworks to analyze how the interplay of market power
and financial frictions affects the entry and exit decisions of firms along the business cycle, as well as the

long run growth process.
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Technical Appendix
1. Optimal choice of the amount consumed of variety i

Households choose ¢(i) by solving the following maximization problem:

! 1-0 ™
max c= e(i)e(d) " di
{c(i)} [/0 (@)e(?) ]

1
sto:  pc = / p(i)e(i)di
0
The associated first order conditions are (being A the Lagrange multiplier):

Fe@)e(i)™ = \pli) Vi € [0, 1]
! . . .
pc = /0 p(i)c(i)di

which leads to (4) using the price index (5).
2. Income equation (overall resources constraint)

This section derives the overall resources constraint in the three possible equilibria of the model. The

exercise begins at the household budget constraint
(I+r)wn+df+dy=c (A1)

and substitutes equilibrium expressions for both firm dividend, df, and bank dividend, d;, to obtain an
equation that relates the sources of income to the uses of income. As this equation comes in aggregate

terms, it can be identified as the overall resources constraint.
Unconstrained equilibrium with high effort

The unconstrained equilibrium with high effort results in null bank dividends, d; = 0, and the following

amount of firm dividends (using symmetric firm behavior for production, y(i) = y)

P PR Y
2(€—e€p) €

Inserting both dj and dy in the household budget constraint, (A1), gives

)
1+
. ( ) w

e eli) g =)
1 € —et) 910 _
( —i—r)wn—i—Q(g_gH)cy e,

(I+rp)wn=c (A2)
Bertrand-type competition leads to the equilibrium interest rate of the loan

wem=i=gy (14r7)
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which can be inserted in (A2) to obtain

€ e()” 510
A
( )c Y / wn = ¢ (A3)

Since the aggregate loan size is equal to the effective labor cost, [ = wn, we can rewrite (A3) as the following

e — 2(i)? <c>9
—=yl—- | +lv=c
2E—en)’ \y

The sources of income are the revenue from firms that survive and the liquidation value from firms that go

overall resources constraint

bankrupt. All income is spent on consumption goods.
Constrained equilibrium with high effort (pervasive moral hazard)

The constrained equilibrim occurs when the ICC is binding and the interest rate of the loan set by the

banks is at

1) Eey)ey)
T D)=

which turns higher than the one that would result from Bertrand-type competition. The analytical solution
for the critical value of the idiosyncratic shock, e(7), relies on its definition, (10), and the first order condition

of the firm, (12), which lead to
. (1-0)
0 =159

and this solution for the interest rate of the constrained equilibrium.

€

f_ b(A-0)(A+0)(e—epy)(E—er)
"= 20%e(epr—€r) 1

Subsequently, bank profits are positive and the dividend collected by the household is

d = 4 = (1) (A4)

E_EH

Taking the household budget constraint, ¢ = (1 4 7)wn + dy + dp, and inserting the bank dividend, (A4),

we get
£ —a(i)

E_EH

(1+r)wn+df+( (1+rf)—(1+r)>l+lv:c, (A5)

where using [ = wn yields

s + <E_e€(z) (1+rf)—(1+r)>l+lv:c
—EH
Firm dividend is
e —ei)® g 19 €—¢(i)
df = ——=c"y —E—(1+Tf)w— (A6)
The optimal amount of output is given by

L (= AE+ei)\Y
yli) = ( 2w(l +7¢) ) ¢
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Using the symmetric equilibrium, y(i) = y, and solving for (c¢/ y)g brings

2w(l+7ry)

0 _
PG 6)

Plugging (A7) in (A6) and putting terms together on w4, it is obtained

0 Ee—eli) Yy
df_l—@?—gH (1+7“f)wA

which can be substituted in (A5) to get, after some simplifying manipulations,

1 e—e1)
1—-60 €—¢

(1+rf)w%+lvzc

T )w O (eieti
It can be noticed that (A7) implies ((11+_6f))A = (%) (6+—§(Z)), which can be used in the previous expression

=2 5(\2 0
w2

2(€—¢) " \y

that is an identical expression to the one found in the unconstrained general equilibrium.

to reach

Equilibrium with low effort

Bank competition a la Bertrand leads to zero profits in an equilibrium with low effort. Thus, bank
dividend is null, d, = 0. As for firm profit, revenues are negatively affected by the lower expected value of
the idiosyncratic shock (€; < €j) and a private benefit is collected as a fraction b of the size of the loan.

This brings the following firm dividend

2 —e(i)? . e—e(i
4= <>)Cey19__ (i)

Y
1 <+ bl
e, ( +rf)wA+

where using the equilibrium conditions, | = wn = w%, we have

e —e(i)? , € —e(q) e—¢ Y
=S (e ) v .
Plugging (A8) and dj, = 0 in the household budget constraint (1) yields
€ —e(i)’ 519 E—eld) €€
1 €O 010 E Y (g gy < - A
( +r)wn—|—2(g_§L)cy . ( + 7y bg_g(i))wn c (A9)

The equilibrium interest rate of the loan that results from Bertrand-style competition is

(1+7f) = ;__;é) <1 tr— ZTU)

which can be inserted in (A9) to obtain

=2 5(:\2 l
(1+T)wn+%ceyl_e— <1+T—Tv—b>wn:c
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and cancelling the (1 4+ 7)wn terms simplifies to
E2 — /6\(7/)2 9 1—06 lv
—=Ccy —+b = A10
Q(E—EL)Cy +<l+>wn c (A10)

Using [ = wn in (A10), the overall resources constraint becomes

6_76(2)09?;1_9 +lv+bl=c
2 —€r)
which shows 3 sources of income: revenue from surviving firms, liquidation value of defaulting firms and the

private benefit.

3. Set of equations defining equilibrium with either high effort
General equilibrium with high effort

P 1/6
Optimal output y(i) = <(1_2€32417$:rfe)(2))) c
Aggregate output y =y(i)
Critical shock e(i) = max {ey, (1+ry)%y(i)?c?}

. _ E—cpy b(1—0)(140)(e—ey)(e—€;)
Interest rate of the loan 1+ 7 = max {z =5 (14r-— TU) el }
Liquidation value lv = 7'62((;) 66) yt=0cf
Loan l=wn
Production y= An

Y A0
Labor supply w = w? e
Firm dividend dp =& 2622 y(i)t= (EE_—QE(Z)) (1+rf)wn
Bank dividend dy = max {0 0 (1t rp) I+ lo— (1+7) z}
Overall resources constraint %cgyl_e +lv=c
Critical shock if deviating to low effort er(d)= 1 +rpn) %yp(i)lc
Interest rate if deviating to low effort 147 = % <1 +7r— l;}LL((Z))/ 2

1
Output if deviating to low effort yr(i) = (1-0)A(eter (2)) c
2w(1+rfL b6 SL()

Liquidation value if deviating to low effort v (i) = T%;SL@/L (i)1=0¢f

Loan value if deviating to low effort Ip(7) = wnygz)

The set of 16 equations may provide a numerical solution for the 16 endogenous variables: y(7), y, (i),
Tty ¢ w, n, L, 1, dy, dy, yr(i), lug (i), 1(2), er(i) and 7. It should be noticed that the list of equations
contemplates both the constrained and the unconstrained equilibrium cases as characterized by the values
obtained for the interest rate of the loans, ¢, and the bank dividend, dy.

For the existence of the high effort equilibrium, firms should not have any gain if deviating to low effort,

which implies the need for satisfying this incentive constraint

m(i)leg < 7(i)ley

BANCO DE ESPANA 35 DOCUMENTO DE TRABAJO N.° 1929



where

al
@)

()

wy
A

i)) <e+eL(z) Sybo (i) - (1+7'f,le)wyL(i)> 4 prs)

ol

m(i)len = E (FELY 6 — (1+ry)

H

I

Ty, =

4. Set of equations defining equilibrium with low effort

General equilibrium in the model with low effort

1/6
Optimal output y(i) = G G)A(E+€(Z)) c
2w<1+rf be E( )
Aggregate output y =y(i)
Critical shock e(i) = Max {eL, (L47p) %ylc0}
Interest rate of the loan IL+rp= E e( ) (1 +r— )
D __e0)-€ 100
Liquidation value lv=r e, Y
Loan l=wn
Production y=An
Labor supply w= Qﬂln—lf,a
: . _@-2e’() 0,1-0 _ e=€(i)

Firm dividend df = 5 eELl) ’y G eel) (1+7rf)wn+0l
Bank dividend dy =20
Overall resources constraint 622(;68)) Oy1=0 4 Iy + bl =c
Critical shock if deviating to high effort er(i) = (1 +rrm) Fyn (Z)Gc
Interest rate if deviating to high effort 1+ 7 g = max {;;;f& 1+7r— ZUH ) , b(l_g)g;;rg()éi__ii i(E_EL) }

M 1/0

. .. . . 1-0)A

Output if deviating to high effort yu (i) = (W)
Liquidation value if deviating to high effort vy (i) = T%ﬁy (i)1=0c0
Loan value if deviating to high effort (i) = wii (@)

The set of 16 equations may provide a numerical solution for the 16 endogenous variables: y(7), v, €(i),
rf, ¢ w, n, v, U dy, dy, yr(3), vem, en (i), lug (i) and (g (4).
For the existence of the low effort equilibrium, firms should not have any gain if deviating to high effort,

which implies the need for satisfying this incentive constraint

m(i)lepwn < m(0)le

where
. e—e(i) [ ereli —0; Itry Jwy(i wy(i
ol = L (e - L)
m()lern = Sl (SO LIG) — (145 20)
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5. Analytical solutions

This section derives the analytical solution for the endogenous variables r¢, ¥, ¢, w, n, [, and for
household welfare in the equilibrium with high effort (both unconstrained and constrained due to pervasive
moral hazard). For the equilibrium with low effort, no analytical solution can be provided.

Unconstrained equilibrium with high effort

First, we take the equation (24) for the interest rate of the loan, and plug the analytical solution of (%)

from equation (23) to obtain, after some algebra, the following equilibrium value

(1—0)e(E—en)
l4+7rp= (1+r) (A11)
e +3 <_Lll+0€ e—(1+90) s%)

The analytical solution (A11l) determines the risk premium as a mark-up over the interest payment of a
risk-free asset. Such risk-premium depends on four model parameters: 0, €, €7, and 7. As it can be observed,
a more efficient liquidation technology (higher 7) reduces the risk premium and the interest rate of the loan.

Second, we solve for the equilibrium value of output. The overall resources constraint derived above in

this technical Appendix is
2

€ —e(i)? FORE
v =
2 —en) cy +ilv=c
which indicates that the sum of the income obtained by the firms that repay the loan, plus the liquidation
value of defaulting firms, is equal to the total spending of households on consumption goods. Inserting (20),
with y(i) = y, gives (after some rearrangements)
e2—eli)? 2>)—€ <c>19
= + 7o = (-
2(€—€p) 2(€—en) Y
which implies this expression for the consumption-output ratio
1
c <€2 —(1—7)e(i)? - Tg%,) 1-0
Y 2(€ —ep)

Plugging (23) leads to the following analytical solution for ¢,

Cy

1
(1-7)(1-0*\z2 2\ 17
¢, = <1 (1+6)” )6 T (A12)
Y 2(€ —ep)

which will be found very convenient below.

The analytical solution of output, ¥, is found combining the labor supply function, the production
function, the consumption-output ratio, and the optimal output equation. Inserting the production function
y = An, to replace n in the labor supply function (6), yields
V()

w= 1+r
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Consumption is linked to output through the ¢, ratio obtained in (A12), which can be used in the previous

expression to obtain .,
ﬁ g
w= M (A13)
1+7r

The optimal choice of output (13) implies

2w

0 _
) = T A+

where inserting (23) for the critical shock (i), and the real wage w obtained in (A13) simplifies to

oo _ (L+0) vy ™o (1 +1y)
(1 —0) AYE(1+7)

(cy

Solving the previous expression for output, we get

1

(A= AR ) ()" T
T <(1+9) YL +7) ) (AL4)

Finally, substituting for ¢, and 14 r; in (A14), using respectively (A12) and (A11), we obtain

1

0—o =
(1-1)(1-6)2 -2 o\ 10 200-0)—2 , r (=022 2\ \
Al <1_W>€ ~TfH 02 € +5<W6 _§H>

v= (0 2(€ —ep) (€—¢m)

(A15)

Third, we can easily obtain the analytical solution of consumption by recalling the relationship ¢, = ¢/y,

and plugging both (A15) and (A12), to have (after simplification)

1
0+ vy
W-n-0?\ 2 o\ 0 20002  r (@=07= _ 2\ ) "
LA (1= ) 2 -\ T e 5 (G - <)
(0 2(¢ —en) (€ —€n)

Fourth, the analytical solution of the real wage comes from the labor supply curve (A13), using (A14) to

replace output and (A12) to replace ¢, to obtain (after some simplification)

[’
1-7)(1—-6)2 = T-0 20(1—0)— + ((1-6)2=
A (1-F) @ -\ T e + 5 (e - 1+ 04h) (A16)
w =
(1+7)(1+0) 2(€ —€py) (€—e€x)

Fifth, the analytical solution for labor can be rapidly reached from the linear production technology, n = y/A,
and substituting the analytical solution for output, (A15) to reach

1
0—0c oy
(1-n-0)°\22 _ 2\ 170 200-0) > 7 ((1-0°2 )\ "
e (1S ) @ - G e + 5 (g~ <)
(0 2(€ —en) (€ —em)

(A17)

n =
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Sixth, the size of the loan is the product between the real wage and the amount of labor employed, I = wn.

Using both (A16) and (A17) gives (after some algebra)

0 L 0—0c 1 1
0 0-0c 1 141
lto 1_0=1a-0%\2__ o -0t 1=6 740 200-0)2 (=022 2 e
[ — AT Fe (1+6)2 =H (1+0)2 2\ (1+0)2 =H
B (1+T)(1+9)1/)'YT1° 2(E_§H) (E_EH)

Seventh, household welfare can be expressed in its analytical form as well, by plugging the solutions of both

c and n in the utility function to obtain

1-7)(1-0)2 \ = =0 2001-0)—2 , [ 1—0)2_
Al+y (1_( (11(9)2 : )52_'@%{ (1(+0)2) 52+5 (§1+0;2 62_5%1)

P 2(E—€y) (€—¢x)
U —

1—0
0 1ty
Y=o +o

_a-na-02\2__2 \ 170 200-0) > (=022 2\ \
Al+o (1 (140)2 )6 T€u (1+0)2 € +3 ((1+0)26 EH)
P 2(E—€y) (€—¢p)
v 1+ ~r

Constrained equilibrium with high effort
First, as discussed in Subsection 3.2 of the paper, the equilibrium interest rate is given by (29).
Second, for the analytical solution of output, we follow the same steps as in the unconstrained case to

obtain

(=0 AE(L 4 1) () T
T (1+9) (1 +7y)

where inserting (29) for the loan interest rate and (A12) for the consumption to output ratio results in'3
0—0o +
(1-71)(1-0)%) =2 2\ =0 o
S| Aan (1 - ) 7 e 200 (ep — 1) (A18)
5 2 — n) b+ 0)7 () (<)

Third, for the analytical solution of consumption, we can take ¢ = ¢,y use the analytical expression of

output (A18) and the value of ¢, implied by (A12), to reach (after some simplification)

1

0+ vto
(1-7)(1-6)? = = e
[ () # - 220" (e — 1)
(0 2(€ —ep) b(1+06)°(E—cy) (E—cp)

"3The ratio of output in the unconstrained equilibrium (??) to output in the constrained equilibrium (??) is

20(1-0)22 4 T (1-02—2 2
(110)2 2\ ar0)2€ ~E&m

2(147)e202 (e —€r,

b(1+0)%(e—er )

which raises with both 7 and b.
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Fourth, regarding the real wage, w, we follow the same steps as in the unconstrained equilibrium. Hence,
we take the labor supply curve (A13) and bring the value of ¢, given in (A12) to replace consumption, c.

This gives
P (%)7 (ny)g
I+r
Using (A12) and (A18) results in the following expression (after some simplification)

w =

o
_1-na-6)?\ 2 2\ -0 _
we A (1 - O) @ ek 20 (e — 1) (A19)
2(€ — ey) b(1+0)° (F—ey) (F—e€r)

Fifth, the analytical solution for labor is obatined by taking the linear production technology n = y/A and
inserting the solution for output (A18) to get

(1-r)(1=6)) - = e
A7 (1+7) (1 ey’ ) L 26%0% ey — 1)

(0 2(¢ —ep) b(1+0)*(€—ey) E—ep)

n =

(A20)

Sixth, the size of the loan coincides with the labor income, [ = wn. Using equations (A19) and (A20), we
obtain (after some simplification)

6 0—c 1
L _a=n=0%\p_ o\ 1507 1-0F0 1
l:AH—% 1+7r\v+e (1 (1+0)2 )6 TEY ( 2€202(e;;—e;) )1+v+g
P 2(e—¢p) b(146)* (=€) (e—€y,)

Seventh, the value of household welfare is reached from inserting the solutions of both ¢ and n in the utility

function as in the previous case.
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