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Abstract
Firms borrow from two types of lenders: banks and non-banks. Banks fund loans
with insured deposits and must maintain a minimum capital to asset ratio; non-banks
do not. Regulators set capital requirements in order to resolve a risk-shifting externality,
inducing banks to use their comparative advantage in monitoring borrowers to mitigate
default risk and reduce the tax burden associated with bank failures. In this paper, I
show that even though raising capital requirements monotonically reduces the risk of
bank loans and bank failures, aggregate loan default and output volatility respond nonmonotonically as borrowers substitute into non-bank finance. I identify two key effects:
an incentive effect and a substitution effect. Quantitatively, I find that at low levels of
the capital requirement, the first effect is dominant: tightening the capital requirement
induces banks to monitor more without much reduction in lending, reducing aggregate
default in the economy. As the capital requirement is increased, though, this effect
diminishes and a substitution effect takes over. Bank loans become increasingly scarce,
borrowers substitute into unmonitored non-bank finance, and aggregate default rises.
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Introduction

Excessive risk taking in the banking sector played a major role in the financial crisis of 2008.
The pronounced and persistent downturn following the crisis has spurred policymakers to
consider more stringent regulations designed to improve financial stability. One such proposal
is raising capital requirements for commercial banks, which impose that banks’ capital must
be no lower than a given fraction of total risk-weighted assets. This mitigates the extent to
which banks can finance lending with borrowed money, thereby forcing banks to internalize
downside risks and promoting stronger capital buffers against economic downturns. While
higher capital requirements may decrease risk in the banking sector, they may also limit
the amount of credit banks can supply to borrowers, potentially lowering investment and
output.1 Balancing decreased risk with reduced investment is the key challenge regulators
face when setting bank capital requirements.
In this paper, I study the effects of changing capital requirements when lending can
occur outside the traditional banking sector. The modern financial system includes a large
body of alternative lending institutions, such as investment banks, finance companies, hedge
funds, and public debt markets. This “non-bank” sector has grown drastically since the
1980s, comprising more than two thirds of total lending in the U.S. economy.2 In addition,
non-banks are not subject to the same regulatory capital regime as traditional banks.
As capital regulations curtail bank lending, this non-bank sector will step in and fill
the gap, at least partially.3 How does substitution out of bank lending induced by capital
requirements jointly impact aggregate risk and investment? How do these effects impact
aggregate welfare? Does the welfare-maximizing capital requirement change in the presence
of a non-bank sector? If so, in what direction and by how much?
I explore these questions in the context of a novel general equilibrium model with both
bank and non-bank lenders and two-sided moral hazard. For my purposes, the two most
critical differences between banks and non-banks are: (i) banks finance themselves with
insured deposits, while non-banks do not; and (ii) banks are able to better monitor borrowers
to mitigate default risk. I show that including the non-bank sector alters both sides of the
key tradeoff between increased safety and decreased lending facing regulators who set capital
1

This will be the case as long as equity is privately costly to banks. For an excellent discussion of the
social and private costs to banks, see Admati et al. (2013).
2
Focusing on business debt, Figure 1 shows that bank loans comprise only a modest portion of firms’
total debt (13% as of 2015), and that this proportion has declined over time (from a peak of 35% in 1982).
Non-banks comprise a large and growing portion of other types of lending, too, such as mortgages.
3
For example, in a detailed study of firms’ financing choices in the wake of the financial crisis, Adrian et
al. (2012) find evidence that a shock to the supply of bank credit induces a corresponding increase in firms’
demand for non-bank credit. Even though total issuance of credit by the firms in their sample drops, new
bank loan issuances decrease by 75% while new bond issuances increase by 50%.
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requirements. My framework endogenizes the level of aggregate default in the underlying
assets in the economy as a function of the composition of total lending across the safer,
monitored bank sector and the riskier, unmonitored non-bank sector. As this composition
changes with the capital requirement, so too does the level of aggregate default and volatility.
In the model, capital requirements make bank lending safer by mitigating banks’ moral
hazard: they resolve the risk-shifting externality associated with limited liability and deposit
insurance, inducing banks to make safer loans. Once the capital requirement binds tightly
enough, banks monitor more, and the default rates on their loans decrease. This “incentive
effect” makes the economy safer as banks increasingly use their monitoring technology: bank
loans are safer and banks themselves default less. This benefit may be undone in the aggregate, however, by a “substitution effect.” As non-bank lending rises to meet loan demand no
longer serviced by the banking sector, the share of non-bank lending increases. Since nonbank lenders do not resolve the firm side moral hazard problem, aggregate default rises. At
high enough capital requirements, aggregate default may even exceed the unregulated level.
In order to set capital requirements from a macroprudential perspective, then, regulators
must appropriately balance these incentive and substitution effects.
The model features three types of agents: firms, banks, and households. Households are
the non-bank lenders in the model.4 Firms produce output via a risky investment technology
and face a moral hazard problem. Effort is costly: firms must choose whether to “work” or
“shirk” on their projects. If firms work, their projects succeed for sure; if they shirk, they
may fail, but they also obtain a private benefit. The risk of failure associated with shirking
is higher in adverse states of the world, defined by the level of the single aggregate shock.
Firms finance their investments from their own internal capital and from funds borrowed
from either banks or households.
I distinguish between bank and non-bank lenders in two key ways. First, banks tend
to monitor borrowers more closely than other types of lenders.5 In the spirit of Diamond
(1984) and Holmstrom and Tirole (1997), I assume that banks can monitor firms at a cost,
mitigating the moral hazard problem by lowering the opportunity cost of effort. This makes
shirking less attractive to firms, thereby decreasing the fraction of firms that shirk and
ultimately reducing default risk.6 Households cannot monitor, and therefore cannot exert
4

This assumption is to keep the model parsimonious. Alternatively, one could allow for a different type of
intermediary, and allow the household to allocate its capital between both intermediaries. This assumption
makes corporate bond markets the most natural interpretation of non-bank finance in the model.
5
For analysis of why non-banks (individuals, bondholders, etc.) may not monitor as much, see Park (2000)
or the survey by Shleifer and Vishny (1997). A simple explanation appeals to a “tragedy of the commons.”
Because banks take large stakes in the firms to which they lend, they internalize all the benefits of monitoring
them. On the other hand, bondholders take relatively small stakes, and so the cost of monitoring outweighs
the (private) benefit.
6
Other theories about the differences between bank debt and other types of debt include flexibility to
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any influence over firms’ default risk. Second, banks finance their lending with insured
deposits; non-banks do not. With deposit insurance, banks’ funding costs do not adjust in
response to the riskiness of bank lending; that is, households do not demand a risk premium
commensurate with the default probability of the bank, knowing they will be repaid in full
no matter what.
These two features not only distinguish between banks and non-banks, but also motivate
capital requirements in the model. First, because banks choose how intensively to monitor
borrowers, they can directly impact the riskiness of their loans. Second, the combination of
deposit insurance with limited liability convexifies bank payoffs. This delivers incentives for
banks to seek risk, which in this case means economizing on lending costs by monitoring less.
Capital requirements serve to weaken the resulting risk-shifting incentive, inducing banks to
monitor more.7
Banks maximize profits by choosing how much to lend, how closely to monitor the firms
to whom they lend, and how many deposits to take in from households. Monitoring has a
higher payoff ex post in adverse states with high default risk. If banks fail in these states
anyway and receive a payoff of zero regardless of how negative their returns are due to
limited liability protection, banks may under-invest in monitoring in order to lend more.
Capital requirements encourage banks to monitor more because they cap lending, reducing
the profitability of the strategy of over-lending and failing in adverse states in order to profit
more in high states.
As bank loan supply decreases with tighter capital requirements, though, equilibrium
price adjustment makes bank lending less attractive, and firms shift to borrowing from
households. Since households cannot monitor, then, the economy may in fact become riskier
even though bank lending has become safer and total lending remains about the same.
After establishing these core results in theory and establishing existence of equilibrium,
I calibrate the model to match key aggregates about lending and risk across bank and nonbank sectors in the economy. Using this calibrated model, I map out how key economic
aggregates and welfare evolve in equilibrium as the capital requirement is increased. For
very low levels of the capital requirement, aggregate risk is high because banks prefer to
lend as much as possible, monitor very little, and fail in the bad state of the world in order
to increase profits in the good state. Aggregate and bank default rates are 1.9% and 1.5%,
respectively. Capital requirements have no effect on risk or lending until they become large
renegotiate in times of financial distress (Bolton and Freixas (2000); Crouzet (2015a,b)) and the ability to
form relationships and acquire reputation (Diamond (1991); Rajan (1992)).
7
This motivation mirrors a major driver of capital requirements in the real world. For example, Sheila
Bair, the head of the FDIC, stated in 2007 that “Without proper capital regulation, [...] governments and
deposit insurers end up holding the bag, bearing much of the risk and cost of failure.”
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enough to resolve this externality.
Once the capital requirement becomes large enough to prohibit this high-lending, lowmonitoring policy – at about 3.4% – , aggregate default drops immediately by 5.2% to
about 1.8% because banks begin to monitor more, internalizing the riskiness of the bad state
of the world. In turn, default rates on bank loans drop by 22.5% to about 1.2%. While
there is a discrete drop in risk at this point, the change in the composition of lending is
continuous and so the increased share of firms choosing unmonitored non-bank finance is not
immediately relevant. Beyond this point, though, aggregate default strictly increases with
the capital requirement: even though bank lending becomes safer and safer, substitution into
unmonitored direct lending implies that aggregate default increases through a composition
effect. In fact, this increase is such that as the capital requirement is increased to 9%, the
level of aggregate default climbs back up to the same level as the unregulated (i.e. 0% capital
requirement) economy, albeit at a lower level of investment.
In addition, I compare my baseline model with lending by both banks and households
to an alternative model in which firms can only borrow from banks. I find that the welfaremaximizing capital requirement in the baseline model is 3.4%, while the welfare-maximizing
capital requirement with bank lending only is 1.6%. The intuition behind this result is as
follows. In both models, increasing capital requirements induces banks to lend less and
monitor more. This decreases the default risk and also the total investment of firms who
borrow from banks. In the model with banks only, this decrease in bank lending simply
disappears from the economy: no other lending institution can pick up the slack. Therefore,
increasing the capital requirement imposes a large cost in terms of foregone investment and
production, even though it makes bank lending safer. With both bank and non-bank lending,
however, the bulk of this decline in investment is offset by the household sector. Therefore,
the marginal cost of increasing the regulatory burden on banks is much lower. On the
other hand, since the benefits of increasing capital requirements occur only when banks take
into account both states of the world, and this occurs at a higher level with both types of
financing, the welfare-maximizing capital requirement is higher.
Ultimately, this paper provides a framework with which to analyze the effects of capital
requirements in the context of a modern financial system. Though there is a reason to impose
capital regulations on banks with or without a non-bank lending sector, I demonstrate that
the aggregate impacts of raising capital requirements can differ drastically from the banking
sector-specific effects. In particular, “over-regulation” of banks can completely undo the
positive effects of reducing risk by incentivizing substitution into other types of finance.
This margin may be a critical one for policymakers seeking to protect the economy against
downside risk.
4

1.1

Related literature

I contribute most directly to the literature on banking regulation and firm borrowing choices,
which can be divided into three main groups: (i) models of bank regulations with banks only;
(ii) models with banks and non-banks with no reason for regulation; and (iii) models with
banks and non-banks with reason for regulation. I also build on insights from empirical
literature which studies spillover effects from changes in bank capital requirements.
The first group (e.g. Van den Heuvel (2008); Corbae and D’Erasmo (2014)) models the
impact of capital requirements on the commercial banking sector with banks as the only
source of external financing for borrowers. Therefore, while the results of these models help
assess the effect of regulations on the banking industry, they fail to assess the economy-wide
impact of such regulations. Relative to these papers, I explicitly model firms’ choice of
lender, thereby allowing substitution by borrowers and a richer set of equilibrium responses
to changes in capital requirements.
The second group (e.g. Crouzet (2015a,b); De Fiore and Uhlig (2011, 2015)) explores
firms’ incentives to issue bank and non-bank debt and the transmission of financial shocks
to investment. These models, however, do not analyze the incentives of different types
of lenders, and therefore do not allow for lenders to behave in a socially inefficient way.
Thus, models in this group cannot be used to directly analyze the aggregate effects of bank
regulations on bank behavior, and therefore economic outcomes.8 I fill this gap in my model
by allowing banks to make decisions which impact the level of risk in the economy. Since
banks may not internalize all these risks, there is a role for regulation. Reining in risk in the
banking sector, though, can in general have consequences in other sectors of the economy:
in this way I take macroprudential approach to regulation.
Finally, models in the third group (e.g. ? and Plantin (2015)) actually explore the role of
bank capital regulation in environments with alternative, unregulated intermediaries. These
models focus almost exclusively on the liability side of intermediaries’ balance sheets: that is,
they focus on how banks’ risk-taking can adversely impact the holders of bank liabilities by
limiting valuable liquidity. In this class of models, though, risks are taken to be exogenous
and banks choose a level of exposure. My framework allows for a deeper analysis of risk
by explicitly modeling how the interactions between lenders and borrowers determine the
riskiness of the underlying assets in the economy.
Furthermore, my work complements a growing body of empirical work (Aiyar et al.
(2014b,a, 2016); Jiménez et al. (n.d.); Uluc et al. (2015)) In the presence of this possible
substitution into non-bank lending, Aiyar et al. (2014a) identify three conditions necessary
8

It is worth noting that this same criticism applies to foundational works on the differential roles of banks
and other lenders, such as Diamond (1984) and Holmstrom and Tirole (1997).
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to insure that capital requirements regulate aggregate credit in the economy: (i) bank equity
must be relatively costly; (ii) capital requirements must “bind” (i.e. they must impact banks’
lending choices); and (iii) other sources of credit must not fully offset the change in bank
credit. I draw on these insights in my analysis and contribute by adding a fourth point.
Specifically, even though other sources do almost completely offset the change in credit
quantity, I show that there can still be a change in the associated credit risk.

1.2

Roadmap

The rest of this paper is organized as follows. In Section 2, I present data on business debt
composition, its affect on investment, and the different risks in bank and non-bank finance.
Then, in Section 3 I present the environment of the baseline model. I analyze the equilibrium
of the model in Section 4. I calibrate the model in Section 5. Then, using the calibrated
model, in Section 6 I explore the effects of changing capital requirements with and without
direct lending by households. Section 7 concludes. All proofs can be found in Appendix A,
and descriptions of data, definitions of model moments, and computational details can be
found in Appendix B.

2

Empirical Motivation: Debt, Investment, and Risk in
the Bank and Non-Bank Sectors

Regulators tasked with setting capital requirements must balance a reduction of risk in the
banking sector with decreased bank lending to and and investment by firms. This paper
studies how substitution by firms between borrowing from banks and obtaining credit from
other sources affects this key tradeoff. To inform this analysis, in this section I present three
stylized facts on (i) the composition of business debt; (ii) the relationship between debt, debt
types, and investment; and (iii) the risk profiles of bank and non-bank debt. These facts
inform the key themes in the model studied in the remainder of the paper.
Fact 1. Bank loans comprise less than one third of total business debt.
Figure 1 plots composition of business debt in the United States over the last half century.
I focus on corporate firms (as opposed to noncorporate firms) for consistency with the model
I will present in Section 3.9 Specifically, I consider only firms who have access to both bank
financing and public debt markets, since firms in my model all have access to both. In
9

The grouping between corporate and non-corporate firms comes from the Flow of Funds. In general,
corporate firms are larger and have credit ratings; non-corporates are smaller and unrated.
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Figure 1: Growth of alternative debt sources for non-financial business in the U.S.
addition, for the purposes of this paper, I define bank debt as “Bank loans” in Figure 1 and
non-bank debt as the sum of “Other loans,” “Corporate bonds,” and “Commercial paper.” 10
Two features of the data are immediately clear. First, business debt of all types has boomed.
Second, non-bank debt has experienced more pronounced growth than bank debt, suggesting
that inclusion of this side of the market is critical in constructing a realistic description of the
economy’s aggregate credit supply. Corporate bonds, by far the most important non-bank
source of debt financing for firms, represent more than half of total business debt; other loans
(from financial institutions besides traditional deposit-taking banks) make up just under a
quarter of the total.
Fact 2. Capital expenditures move in line with both bank and non-bank debt financing.
Figure 1 demonstrates that firms often turn to non-banks for debt financing. How,
though, does the composition of external financing impact real outcomes? I explore this
question in Figures 2 and 3, focusing on investment and risk, respectively. Figure 2a plots
firms’ total change in debt (black) and change in equity (gray) versus total investment as
10

Note that commercial paper could be excluded from this definition, since firms often issue it solely for
liquidity purposes, which I do not consider in this paper. Since the volume of commercial paper issuance is
small relative to the other three categories in Figure 1, though, this exclusion has little impact.
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Figure 2: Corporate firms’ capital structure, debt structure, and investment
measured by capital expenditures. Figure 2b performs an analogous breakdown, isolating
debt types – bank and non-bank debt. Panel 2a immediately demonstrates the relative
importance of debt for driving investment in the aggregate. Capital expenditures increase
almost one-for-one with debt, while equity growth is essentially neutral. Panel 2b pushes
this analysis further into types of debt, dividing firms’ liabilities into bank and non-bank
debt. Investment increases with changes in both bank loans and corporate bonds, but less
so for each type. This pattern indicates substitutability between the two types of debt, a
critical margin I will explore throughout the remainder of the paper.
Fact 3. Non-bank debt has higher default risk than bank loans.
To this point, I have focused on the composition of debt and its impact on total investment. Next I link these effects to overall risk in the economy, precisely the types of risks
which capital regulations for banks are designed to rein in. Figure 3 shows the annual default rates for bank C&I loans and corporate bonds from 1984 through 2008. Default rates
on corporate bonds tend to be much higher than on bank loans, particularly in economic
downturns (late 1980s and early 2000s in the sample period). In analyzing the aggregate
impact of substituting corporate bonds (direct financing) for bank loans (bank financing),
this is a potentially critical effect: if a regulation designed to make bank lending safer has the
additional effect of pushing lending into a sector that is intrinsically less safe, the regulation
may in fact be less effective.11
11
Does this “push” actually occur in the real world? A growing body of empirical work documents the
effects of increasing capital requirements on certain banks on lending by unaffected banks and other types
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Figure 3: Default risk over the business cycle for bank loans and corporate bonds
In total, the facts documented in this section suggest that non-bank debt comprises a
large part of total debt and drives a significant amount of investment. At the same time,
though, non-bank debt tends to be riskier, suggesting a tradeoff between the amount of
credit and the risks associated with it. The remainder of this paper studies how capital
requirements interact with these debt dynamics.

3

Model Environment

In this section, I describe the basic features of the model. I leave a detailed discussion of
each assumption until Section 4.5, once I have presented the full model. Since my focus is
on the long run effects of capital regulations, I begin with a static model.
of lenders. Using a policy experiment on micro-prudential bank regulations in the United Kingdom, Aiyar
et al. (2014b,a, 2016) find that more than one third of the decline in lending associated with tightening
capital requirements on certain banks is offset by unregulated foreign banks alone. Conducting a similar
study for Spain, Jiménez et al., (forthcoming) find similar results. Furthermore, these authors document an
interesting asymmetry: in good times, firms readily substitute away from constrained banks into other types
of financing, while in bad times this substitution is limited. Though these European-based studies do not
find varying degrees of evidence of substitution into non-bank finance, for the United States Adrian et al.
(2012) find significant substitution into non-bank finance.

9

3.1

Preliminaries

There is one period and a single good used for both consumption and investment: I call this
good capital throughout. All consumption occurs at the end of the period. I assume there is
a storage technology which can be used to preserve capital from the beginning of the period
to the end with no net return.12 All agents behave competitively, and prices adjust to clear
the relevant markets in equilibrium. There are two aggregate states: an up state in which
default risk is low, and a down state in which default risk is high (see below for specifics).

3.2

Firms

A continuum of identical, risk-neutral firms have initial capital kF and a risky production
technology. This technology turns an investment of I units (comprised of internal capital
and any borrowing, b) into f (I) units of the good in the case of success and 0 in the case
of failure. I assume that the function f (·) is strictly increasing and strictly concave. Firms
can borrow additional capital from either banks or households (described below), or simply
invest only their own internal capital.
After contracting and making their initial investments, firms realize a random variable,
x ∼ G(x), i.i.d. across firms, which denotes the private benefit they can obtain by shirking
on their respective projects.13 Taking x and the expected returns of the project into account,
firms must then choose whether to exert high effort (“work”) or low effort (“shirk”). Firms
who work succeed with certainty, producing output f (I) regardless of the aggregate state.
Firms who shirk succeed with probability p, where

p=


p

h

with probability ψ

p

l

with probability 1 − ψ.

The realization of p – the only aggregate shock in the model – occurs after the firm chooses
whether to work or shirk. I assume that 1 ≥ ph ≥ pl ≥ 0. For convenience, I define
p = ψph + (1 − ψ)pl to be the expected probability of success when shirking before p is
realized. Firms receive the private benefit x from shirking, but shirking costs m: the level
of m depends on the extent to which the firm is monitored, described below. Firms cannot
commit to working or shirking, and the private benefit is private information and cannot be
12

The purpose of this storage technology is to bound the deposit rate in a realistic way despite household
risk aversion. Since banks and firms are risk neutral, I do not explicitly discuss the storage technology in
their decisions, since it will generically go unused.
13
All that is needed is for a law of large numbers to hold for both x and . The model works if firms are
heterogeneous ex ante with respect to x, as long as there is residual uncertainty over the realization of x
after contracting.
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shared with other agents.
Firms behave competitively, taking all prices as given. If a firm chooses to demand a
loan, it must then determine the size of the loan, b ≥ 0, to demand from its lender. Finally,
when choosing between the two lenders and self-financing the project, each firm receives
an additive, idiosyncratic preference shock  = {H , B , O }, which shifts the value from
household (H), bank (B), and self (O, for outside option) financing. I assume that this
shock is drawn from a type-one extreme value distribution with scale parameter α.

3.3

Banks

A continuum of identical, risk-neutral banks have initial capital kB and a monitoring technology which increases firms’ cost of shirking. Specifically, at a cost c(m, `), banks can lend
` to firms and set these firms’ cost of shirking to m. I assume this cost function is increasing
and convex in all its arguments, and I assume that the cross partial, cm` , is strictly positive:
that is, increasing monitoring costs more when lending more. Banks choose how much to
monitor, mB , how much to lend, `B , and initial borrowing (deposits demanded) from households, dB . Banks behave competitively, taking the risk-free price q and the bank loan price
qB as given.
In addition, I assume that banks are subject to a capital requirement. Specifically, their
capital must be at least a fraction χ of their total lending. Banks can borrow at the risk-free
discount price q, protected by deposit insurance. Even if the bank cannot repay depositors
in a given state of the world, this insurance is implemented via a lump-sum, state contingent
tax T (p) on households. Lastly, I assume that banks have limited liability: their payoff may
not be less than 0 in any state p, creating the potential for default by banks.

3.4

Household

The representative household has initial capital kH and is risk averse, with a strictly increasing and strictly concave utility function U (C) over consumption C ≥ 0. The household can
invest in storage, aH , bank deposits, dH , and direct loans to firms, `H . Critically, unlike
banks households cannot raise the cost of shirking to firms: that is, for firms borrowing from
the household, mH is always equal to 0. The household takes the risk-free price q and the
direct loan price, qH , as given.

3.5

Timing

The timing of the model is as follows:

11

Figure 4: Summary of model structure
1. Taking prices q = (q, qB , qH ) as given,
(a) After receiving their preference shocks {i }, firms choose from borrowing from
bank, borrowing from HH, or self-financing. If a firm borrows from the bank
(household) it also chooses the loan size, bB (bH ).
(b) Taking bB as given, banks choose (dB , `B , mB ).
(c) Taking bH as given, HH chooses (aH , dH , `H ).
2. Firms realize the private shirking benefit x and choose to work or shirk, factoring in
the lender-dependent shirking cost mi .
3. The aggregate state p is realized.
4. Firms’ success / failure is realized, repayments are made, and consumption occurs.

12

Figure 5: Timeline of the firm problem

4

Equilibrium

4.1

Firm problem

Firms take the lending terms (qi , mi ) for i ∈ {H, B} as given. I analyze the firm problem
backwards, beginning with the value of working or shirking conditional on financing source
and amount of borrowing (“effort choice stage”), then analyzing the choice of financing source
(“lender choice stage”). A detailed description of the timeline of the firm problem and all its
relevant stages can be found in Figure 5.
4.1.1

Repayment stage

A firm which borrowed b from lender i, invested I, and was successful receives a payoff
of f (I) − b, the full proceeds of the project after repaying their lender.14 Firms who fail
are unable to pay back their lenders, and receive a payoff of 0. Firms who have chosen to
self-finance receive all project proceeds if successful.15
4.1.2

Effort choice stage

Conditional on lender i, investment I, and borrowing b, firms must decide to work or shirk
having learned their private shirking benefit x but not yet the aggregate shock p. Since
working firms succeed with probability one in all states p, the return from working is simply
the net proceeds after repaying the lender:
ṼiW (I, b) = f (I) − b
14

(1)

Note that given the risk neutrality of firms, and the presence of the storage technology which caps all
prices at 1, it is trivial to show that borrowing will only occur after firms have invested all of their own
capital into the productive technology.
15
This assumption assumes that there is no recovery in the case of failure and default. This ingredient is
qualitatively unimportant, but may play a role quantitatively.
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The return from shirking incorporates the net private benefit, x−mi , plus the net investment
proceeds adjusted for the reduced probability of success:
ṼiS (I, b, x) = p[f (I) − b] + x − mi .

(2)

Note that the first term in the expression on the right hand side of (2) must be weighted by
the expected success probability associated with shirking, since this decision is made before
the realization of p.16
Finally, the firm chooses to work if and only if ṼiW (I, b) ≥ ṼiS (I, b, x), or
x ≤ x(mi ) ≡ (1 − p)(f (I) − b) +
{z
}
|
lost proceeds

mi
|{z}

.

(3)

shirking cost

The ex ante probability of a firm working is then G(x(mi )). The first term on the righthand side of (3) represents the expected lost proceeds from shirking, while the second term
is the cost of shirking imposed by lender i. Higher values of both increase x(mi ), thereby
decreasing the likelihood that the firm shirks. Banks can impact this likelihood through
monitoring (increasing mB > 0), while households cannot (restricted to mH = 0).
4.1.3

Lender choice stage

Before the draw of x firms must choose (i) how much to borrow from each type of lender,
bi , and (ii) which lender i to choose. I present each of these decision problems in succession.
Since the firm cannot commit to working or shirking, firms’ expected value from borrowing
bi from lender i and investing an amount Ii weights the values from working and shirking by
the relative likelihood that the firm will take each of these actions:17
Ṽi (I, b) = Ex [max{ṼiW (I, b), ṼiS (I, b, x)}]
ˆ ∞
W
= Ṽi (I, b)G(x(mi )) +
ṼiS (I, b, x)dG(x)

(4)

x(mi )

That is, ṼiS (I, b, x) = ψ [ph (f (I) − b) + x − mi ] + (1 − ψ) [pl (f (I) − b) + x − mi ], yielding (2).
In equation (4), I use the notation Ex (·) for the expectation operator to denote that the expectation is
taken over realizations of the private shirking benefit x. Implicitly, the expectation is also over the aggregate
state p, but this is captured in expressions (2) and (3). Throughout, a subscript on the E(·) operator denotes
the variable with respect to which the expectation is taken.
16
17
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This can be decomposed into the following useful form:
ˆ
Ṽi (I, b) =

P (mi , p)[f (I) − b]
|
{z
}

∞

+
x(mi )

expected returns from project with lender i

|

(x − mi )dG(x),
{z
}

(5)

expected net benefit of shirking with lender i

where
P (mi , p) =

+

G(x(m ))
| {z i }

mass of successful working firms

p(1 − G(x(mi )))
{z
}
|

,

(6)

mass of successful shirking firms

the ex post aggregate success rate of all firms who borrow from source i when the realized
aggregate state is p. Note that Ep [P (mi , p)] = P (mi , p), yielding the expression in (5).
Furthermore, note that although I only explicitly write mi and p as the arguments to P (·),
this function also depends on prices, capital, and borrowing and investment choices.
In order to choose the amount to borrow, then, the firm solves
Vi (k) = max Ṽi (I, b) subject to I ≤ qi b + k
I,b≥0

(7)

Lemma 1 presents the solution to problem (7).
Lemma 1. Optimal loan size. Firms’ optimal loan size from lender i, b∗i , satisfies
f 0 (k + qi b∗i ) = 1/qi .

(8)

Despite the fact that borrowing affects the relative likelihoods of working and shirking,
and therefore the likelihood of receiving the private benefit x − mi , then, the problem (7)
has the standard optimality condition (8).18
At the beginning of the period, firms choose between the two sources of external financing
and self-financing according to:
vF (k) =

max
i∈{H,B,O}

Vi (k) + i ,

(9)

where the value of self-financing is simply VO (k) = ṼO (k, 0), i.e. IO = k.19 Under the
assumption that i are i.i.d. type one extreme value with scale parameter 1/α, appealing to
standard results in the discrete choice econometrics literature (see, for example, McFadden
18

This is a convenient offshoot of the fact that the private benefits are additive and do not scale with the
size of investment. In addition, this allows the borrowing decision to be separate from the level of monitoring
chosen by lenders, easing the solution of the model.
19
More specifically, the threshold for working or shirking
´ ∞under self-financing is xO = (1 − p)f (k), and so
VO (k) = [G((1 − p)f (k)) + p(1 − G((1 − p)f (k)))]f (k) + (1−p)f (k) xdG(x).
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(1973); Rust (1987)), the share of firms choosing each alternative i is:
Li (k) =

exp{αVi (k)}
.
exp{αVH (k)} + exp{αVB (k)} + exp{αVO (k)}

(10)

Total loan demand from source i ∈ {H, B}, then, is simply Li bi .20
The lender-specific preference shocks have three properties worth noting. First, it is
P
always the case that
i Li (k) = 1 and Li (k) > 0 for all i. Second, the share of firms
choosing financing type i is increasing in the value that choice i delivers to the firm: that is,
∂Li /∂Vi > 0. This result has the obvious corollary that firms’ modal financing choice delivers
the highest value: that is, arg maxi Li (k) = arg max Vi (k). Third, lowering the variance of
the preference shocks (i.e. increasing α) implies that the highest value actions are taken by
a higher share of firms, while lower value actions are taken by a smaller share of firms.21

4.2

Bank problem

Banks choose lending, `B , monitoring, mB , and deposits to demand dB to maximize their
expected profits:
vB (k) =
subject to:

max

`B ,yB ,dB ≥0

Ep [max {P (mB , p)`B bB − dB , 0}]

c(mB , qB `B bB ) ≤ k + qdB

(11)

χqB `B bB ≤ k
Note that the objective function reflects banks’ limited liability with the interior max function
inside the expectation operator. The first term inside this max operator is the total proceeds
from lending, net of deposit repayments. Recall that banks take the loan size, bB (determined
by (8)), as given and choose the mass of firms to which they will lend, `B .
The first constraint in problem (11) – the budget constraint – states that total internal
20

Furthermore, the value function in (9) has the convenient closed form
vF (k) =

γE
1
+ ln (exp{αVH (k)} + exp{αVB (k)} + exp{αVO (k)}) ,
α
α

where γE = 0.577216... is a constant.
21
To see this, observe that
P
exp{αVi } j exp{αVj }(Vi − Vj )
∂Li
=
P
2
∂α
exp{αV
}
j
j
which is positive for the highest Vi choice, negative for the lowest Vi choice, and in general indeterminate
for choices which deliver values between these extremes due to the weighting in the sum function in the
numerator.
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(k) and external (qdB ) bank funding must cover the total cost of lending, which includes
both the cash outlay for investment (qB `B bB ), and the expenditure on monitoring (mB ). The
second constraint is a simple form of a capital requirement: it states that the total amount
lent, qB `B bB cannot exceed total bank capital by more than a factor of 1/χ, for χ ≥ 0.22
Lastly, note that to implement deposit insurance in the case when the bank cannot repay its
depositors completely (i.e. the case when limited liability binds), the government must levy
a tax
T (p) = max{dB − PB (mB , p)`B bB , 0},
(12)
which is exactly the shortfall of loan repayments relative to the required repayments on
deposits.
4.2.1

Bank policies: limited liability and the motivation for capital requirements

In this section, I discuss the two key features of the bank problem – limited liability and
capital requirements – in a “partial equilibrium” setting, taking prices as given and considering banks’ optimal policies. Under deposit insurance, this partial equilibrium approach
yields valid insight into the properties of the full general equilibrium because not all prices
(specifically q) adjust in response to bank decisions.
The first order conditions of the bank problem are:23
qB
c` (mB , qB `B bB ) + µχqB bB
q
1
Pm (mB , p∗ ) =
cm (mB , qB `B bB ),
q
P (mB , p∗ ) =

(13)
(14)

where Fi is the partial derivative of the function F with respect to its ith argument, p∗ is
the expectation of the aggregate state over states which the bank takes into account only,
and µ ≥ 0 is the multiplier on the capital requirement. That is, if limited liability binds in
the down state, then the bank does not account for the impact of its choices in this state,
and p∗ = ph . Otherwise, the bank cares about both the up and the down states, and p∗ = p.
The loan optimality condition (13) equates the marginal benefit of lending (the expected
success rate on a project across the states in which the bank receives a positive payoff) with
the marginal cost of lending, plus an additional term that is positive only when the capital
22

If χ = 0, then since k > 0 this constraint is satisfied for all feasible lending choices, and there is no
restriction.
23
The max operator implies a potential point of non-differentiability in the objective function. I deal with
this issue in detail in the Appendix, but here provide the first order conditions “away from the kink” to build
intuition.
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requirement is binding. The monitoring optimality condition (14) also equates margins: the
marginal increase in success probability (and therefore payoff) on the left hand side with the
marginal cost of monitoring on the right.
Analysis of conditions (13) and (14) delivers insight into how limited liability impacts
bank incentives. Regardless of whether limited liability binds in the down state, the righthand side of (13) is unchanged. The left-hand side, though, changes: it is equal to P (mB , p)
(P (mB , ph )) if limited liability is slack (binds). Examining (6) immediately reveals that
Pp (m, p) > 0. Therefore, the left-hand side of (13) is greater if limited liability binds in the
down state. This implies that the marginal cost of lending must be higher, or the capital
requirement must bind more tightly. In either case, this implies that the bank lends more
for a given set of prices when it does not internalize the down state.
Next consider the monitoring condition (14). Since Pm (m, p) = (1 − p)g(x(m)), then
Pmp (m, p) = −g(x(m)) ≤ 0 and the left-hand side of (14) is decreasing in p. Intuitively, in
better states of the world, monitoring is less valuable ex post since the default risk of shirking
firms is lower. Since the right-hand side is invariant to p, then, when limited liability binds,
the marginal cost of monitoring must be lower: that is, monitoring must be lower. Together
these results imply that when limited liability binds, banks will tend to eschew monitoring
in favor of increased lending.
The above discussion describes the motivation for capital requirements. The following
lemma summarizes their impact.
Lemma 2. Bank policies and capital requirements. Bank lending, `∗B , is weakly decreasing in the capital requirement χ. Bank monitoring, m∗B , is weakly increasing in χ.
This result underlies a key mechanism in the model. If the capital requirement is slack,
then the multiplier µ in (13) is equal to 0, and the marginal return is equal to the marginal
cost of lending. If the capital requirement binds, however, then µ > 0, and the marginal
return must exceed the marginal cost of lending. Since reducing mB lowers both the right and
left sides of (13), and reducing `B only lowers the right, it is in general optimal to decrease
lending in response to an increase in the capital requirement. As lending is reduced, though,
the right hand side of (14) falls since cm` > 0. Then, in order for this condition to hold,
monitoring must increase. These effects in turn deliver the result from Lemma 2.
This partial equilibrium result sets the stage for the core insights of the full general
equilibrium model. An increase in bank capital requirements induces banks to lend less
and monitor more. This makes bank lending safer, since fewer firms who borrow from
banks end up shirking, and therefore fewer firms fail in every possible state. Total bank
lending, however, declines as bank loan interest rates rise, creating an incentive for firms to
increasingly seek loans from households who do not monitor.
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4.3

Household problem

The household solves a simple, standard portfolio problem, maximizing expected utility by
choosing storage, aH , deposits, dH , and direct loans to firms, `H , subject to beginning and
end of period budget constraints:
vH (k) =
subject to:

max

aH ,dH ,`H ≥0

Ep [U (C)]

C ≤ aH + dH + P (0, p)`H bH − T (p) for all p

(15)

aH + qdH + qH `H bH ≤ k
The first constraint reflects that end of period consumption comes from the sum of return on
deposits and the realized returns of direct loans of all types, which depend on the aggregate
state. The second constraint states that the household’s total investment outlay cannot
exceed its initial capital.
Since deposit insurance implies that deposits (like storage) are repaid in full in all states
of the world, as long as q < 1 storage is strictly dominated and a∗H = 0. If q = 1, then the
household is indifferent between storage and deposits. Therefore, throughout the remainder
of the analysis, I focus solely on the tradeoff between deposits and direct loans to firms.
At an interior solution (with both dH and `H > 0), then, the household’s portfolio satisfies
Ep [U 0 (C)P (0, p)]
qH
=
.
q
[U 0 (C)]

(16)

Since P (0, p) ≤ 1, equation (16) implies that qH ≤ q. The severity of the gap between the
direct loan price and the deposit price measures the riskiness of direct lending given the risk
averse preferences of households.

4.4

Equilibrium definition and existence

Definition 1. Baseline model equilibrium. An equilibrium in this model is a list of: firm
lender share and loan amount choices, L∗i and b∗i for i ∈ {H, B, O}; bank choices of deposits,
d∗B , monitoring, m∗B , and loan supply, `∗B ; household choices of storage, a∗H , deposits, d∗H ,
∗
and direct loans to firms, `∗H ; bank and direct lending prices, qB∗ and qH
; a deposit price q ∗ ;
and a lump-sum tax T ∗ (p) for all p such that: firms’ lender choices solve (9), firms’ loan sizes
solve (7), and direct and bank values are given by (4); bank choices solve (11), taking b∗B as
given; household choices solve (15), taking b∗H and T ∗ (p) as given; direct and bank lending
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and bank deposit markets clear:
L∗B = `∗B

(17)

L∗H = `∗H

(18)

d∗B = d∗H ,

(19)

where L∗i is given by (10); and the tax T ∗ (p) is given by (12).
The equilibrium definition 1 is mostly standard, but the market clearing conditions warrant comment. Because firms choose b∗i on their own, and lenders take this as given, conditions (17) and (18) are only in terms of masses of firms, L∗i and `∗i .
Proposition 1. Under the assumptions stated in Section 3, an equilibrium exists.
The intuition behind this existence result is as follows. Both firm and household policies
are smooth and monotone in prices. On the firm side, the loan amount bi varies smoothly
with qi . It is straightforward to show that ∂bi /∂qi > 0, and therefore Vi (k) is also increasing
in qi . Then, from (10), it follows that firm demand is continuously (weakly) increasing in
qi . The household policies for investment in direct lending (since q ≤ 1, and at an interior
solution where `H > 0) obey (16), which implies continuously decreasing direct loan supply
as a function of qH . Similarly, decreasing q makes deposits more attractive and direct lending
less attractive, also in a smooth and monotone fashion.
The only potential discontinuity in the model arises from bank optimal policies. Because
of limited liability, there are two sets of “potentially optimal” policies: one in which limited
liability binds in the down state and one in which it does not.24 Since monitoring is more
valuable ex post in the down state, banks will monitor more if they factor in this state. If
they do not, they will choose to lend more and monitor less in order to economize on the
cost of lending and seek higher net returns in the high p state. For certain prices, the first
set delivers higher value; for others, the second set do. By continuity, then, there are price
combinations in which banks are indifferent between the two sets of policies. To avoid the
problems of existence which can arise if bank policies jump around this indifference point, I
simply allow banks to randomize between the sets of policies.
24

Indeed, in analyzing the properties of the bank optimal policies I consider two subproblems based on
variants of limited liability in Lemmas 3, 4, and 5 in Appendix A.
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4.5
4.5.1

Discussion of assumptions
Costly monitoring

This is the key friction in the model. The notion of costly monitoring as a key function of
banks dates back to Diamond (1984), and my formulation echoes key features of Holmstrom
and Tirole (1997). If monitoring were costless, then all lending could seamlessly flow through
banks. Banks would monitor all firms enough to fully eliminate default risk, nullifying any
opportunity for bank risk taking and obviating the capital requirement. Since monitoring is
costly, though, banks must optimally choose how much to monitor borrowers, trading off the
benefit of deterring shirking with the increased upfront cost of lending. Monitoring proves
more valuable ex post in more adverse (low p) states. Thus, banks who don’t internalize
these adverse states – because limited liability binds and deposit insurance prevents banks’
borrowing costs from responding to increased risk – will in general have incentive to engage
in too little monitoring.
I assume a very stark difference in monitoring cost between households and banks. By
assuming that households cannot monitor, I essentially assume that their monitoring cost
is infinite. While this assumption simplifies the analysis, it is not essential, and the same
intuition I have laid out applies in a model where banks have a more modest cost advantage
in monitoring borrowers.25
4.5.2

Deposit insurance and limited liability

I assume that bank deposits are insured in order to guarantee that banks do not internalize
the effects of their increased risk-taking through equilibrium price adjustment of q. Deposit
prices reflect only the relative demand for riskless assets by households and for bank loans
by firms. Together with limited liability, which convexifies the bank payoff function, this
assumption easily delivers risk-shifting by banks: banks gamble on payoffs in the good state
at the cost of increased exposure to severely negative payoffs in the down state. This creates
a role for capital regulation, taking deposit insurance as given.26
25

For example, given the form of the bank lending cost function I use in the quantitative analysis in equation
= ρbank
(21), I could assume that the household may lend to firms with this same cost function and ρHH
1
1
HH
bank
and ρ2 > ρ2 .
26
From a modeling standpoint, the benefits of deposit insurance can be micro-founded by incorporating
liquidity demand by the household and creating the possibility of runs on banks. I leave these dynamics out
of the current model and instead take the presence of deposit insurance as a model primitive.
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4.5.3

Preference shocks

There are two firm preference shocks in the model: shocks to firms’ private benefits of
shirking, and shocks to firms’ value of choosing a specific lender.
Private benefit of shirking. I model the benefits and costs of shirking as simple
additive shifters to the firms’ payoff. This specification draws in spirit from a long line of
literature in theoretical corporate finance (beginning with Holmstrom and Tirole (1997)),
with one key modification: shirking actually still occurs in equilibrium.27 This is critical
because it allows monitoring choices by the bank to influence the actual underlying risk of
investment, rather than simply the quantity. It is this model feature which creates a motive
for banks to take risk, and therefore allows the model to be meaningfully used to analyze
regulations designed to rein in bank risk taking.
Lender-specific firm preference shocks. The presence of the  shocks in firms’
choice of financing source serves two purposes. First, they smooth out demand for each
type of lending. Without these shocks, loan demand for source i would be either 0 or a
strictly positive number. For direct lending, however, this sharp discontinuity in demand
creates issues of non-existence of equilibrium given the continuity in the direct lending supply
function dictated by the household optimality conditions under a smooth, concave utility
function. Second, these shocks allow me to map the model to the data more easily. Looking
across the cross-section of firms, no firms completely specialize in direct debt, even though
certain classes of firms do specialize completely in bank debt.28

5

Estimation and Model Fit

To consider counterfactual changes to capital requirements, the mapping of the model to
the data must be consistent with key empirical facts about (i) firm debt composition, risk,
and profitability; (ii) bank capital structure and loan risk; and (iii) household supply of
risky loans and th riskiness of these loans. In this section, I present this mapping to the
data. I first describe the target moments for the calibration. Then, I present the parameters
which deliver these moments. Finally, I discuss the fit of the model. Detailed definitions of
moments and descriptions of data sources can be found in Appendix B.
27

In Holmstrom and Tirole (1997), the private benefit affects the right-hand side of an incentive compatibility constraint, which must be satisfied in any optimal contract. Therefore, it is never violated in the
equilibrium of their model.
28
For a detailed analysis of this feature of the data, see Rauh and Sufi (2010) and Colla et al. (2013).
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Moment

Source

Data

Model

Firm

Bank share of total business debt (%)
Firm leverage
Firm return on capital (%)
Standard deviation of output (%)

QFR
QFR
QFR
NIPA

23.7
0.26
39.6
1.62

29.3
0.30
33.6
2.07

Bank

Default rate on bank loans (%)
Monitoring to total expense (%)
Bank leverage
Bank loan return (%)
Net interest margin (%)

Call
Call
Call
Call
Call

0.50
1.02
0.92
3.06
2.98

1.21
1.13
0.95
3.56
3.49

HH

Default rate on corporate bonds (%)
Household riskless / total investment (%)
Household assets / bank assets

Giesecke et al. (2015)
Flow of funds
Flow of funds

1.61
20.6
3.77

2.14
30.2
3.21

reports
reports
reports
reports
reports

Notes: Descriptions of data used in computation of moments can be found in Appendix B. Variable definitions in the data
and in the model can be found in Tables 4 and 5, respectively.

Table 1: Model moments for estimation

5.1

Moments

I divide the targeted moments for calibration into three categories corresponding to the three
main types of agents in the model: firms, banks, and households.
On the firm side of the model, the main target is the bank share of total debt, defined
as the fraction of total borrowing by firms which is supplied by banks. The bank share
is critical since it represents the portion of total lending whose riskiness is mitigated by
monitoring. As this fraction changes with the capital requirement, so will the economy’s
aggregate risk profile. Since all firms in my model are able to borrow both directly and from
banks, I must insure that the firms I look to match in the data also have this dual access.
Therefore, I follow Crouzet (2015a) and focus only on the largest firms, those with assets
of at least $250 million in the Quarterly Financial Report of Manufacturing, Mining and
Trade firms (QFR). In order to be broadly consistent with firms’ capital structure and to
discipline prices, I target firms’ average leverage ratio and their overall return on capital.
Finally, in order to make sure that my model has overall risk commensurate with the overall
US economy, I also target the volatility of output, using aggregated GDP from the National
Income and Product Accounts.
All data for the targeted bank moments are taken from the FDIC’s Consolidated Reports
of Condition and Income (“Call reports”) for commercial banks in the United States. Since all
banks lend only to firms in the model, I calculate and target the default rate and loan return
23

for C&I loans only. In order to get a sense of the expenses incurred by banks beyond the
actual outlays of funds, I also target the ratio of monitoring expense to total expense, proxied
by the ratio of salaries to total expenses. This is critical to insure that the cost function in
my model captures an appropriate mix of lending and monitoring. Finally, as in the case
of firms described above, the last three moments in Table 1 target banks’ overall capital
structure (as measured by average leverage), return on capital, and net interest margin (the
spread between banks’ lending rates and borrowing rates).
Similar to the bank side, I target the default rate on household lending, measured by the
default rate on corporate bonds. Since reliable data on corporate bond defaults is scarce, I
pull these figures directly from the detailed study of Giesecke et al. (2015). I include the share
of riskless assets in the household portfolio in order to pin down the risk which households
are willing to take. Finally, I target the ratio of household to bank assets to insure that
capital levels are consistent.

5.2

Functional forms, parameters, and identification

It is necessary to assign functional forms to several key model objects. I assume that the
process for the private benefit of shirking, x, is lognormal with mean µx and variance σx ;
that is, log(x) ∼ Φ(µx , σx ). The idiosyncratic preference shocks for firms’ choices of lender, ,
are drawn from an extreme value distribution with scale parameter 1/α. The representative
household has standard CRRA preferences with coefficient γ; that is, u(c) = c1−γ /(1 − γ),
for γ > 1. In addition, firms have the production function
f (I) = θ1 I θ2 ,

(20)

where θ1 is a scale factor and θ2 ∈ (0, 1) represents the degree of decreasing returns to scale.
Finally, I assume that banks’ monitoring and lending cost function takes the form
c(m, `) = (1 + `)ρ1 +ρ2 m − 1,

(21)

where ρ1 ≥ 1 and ρ2 ≥ 0.29 Since the bank cost function (21) is unique to my framework, its
form and its properties warrant some discussion. First, observe that if ρ1 = 1, then banks
have the option of a simple linear investment cost: with no monitoring (m = 0), c(0, `) = `.
A value of ρ1 > 1 implies that lending costs for banks are convex, regardless of monitoring.
This feature captures real world costs of scaling up lending activities and insures that the
29

Many other functional forms are equally valid: what is most critical is convexity in and complementarity
between lending and monitoring.
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Parameter
Estimated

Selected

Notation

Value

Notes

firm productivity / TFP
firm production returns to scale
mean of private benefit distribution
s.d. of private benefit distribution
high state shirking success prob.
low state shirking success prob.
bank cost function: loans
bank cost function: monitoring
firm value shock variance
bank capital
firm capital
HH capital

θ1
θ2
µx
σx
ph
pl
ρ1
ρ2
α
kB
kF
kH

1.40
0.88
-1.86
0.48
0.90
0.49
1.01
0.15
58.1
0.01
1.59
0.93

f (I) = θ1 I θ2

CRRA for HH utility
baseline capital requirement (%)
prob. of high state

γ
χ
ψ

3.00
4.00
0.96

macro standard
Basel II minimum
1 − Pr(enter rec.)

log(x) ∼ Φ(µx , σx )
ψ = Pr(p = ph )
1 − ψ = Pr(p = pl )
c(m, `) =
(1 + `)ρ1 +ρ2 m − 1
 ∼ T 1EV (1/α)

Notes: “Estimated” parameters are determined via Simulated Method of Moments (SMM), and “Selected” parameters are
chosen outside the model. The rightmost column contains all relevant functional assumptions for the quantitative analysis.

Table 2: Parameterization
bank problem has a finite solution. The expenses on monitoring m further convexify the
total cost of lending to the bank, increasingly so for higher ρ2 .
In total, there are 15 parameters to specify. I divide the parameters into two classes:
those I estimate explicitly to match the moments in Table 1 using a standard SMM routine,30
and those I select based on standard values in the literature or simple, outside the model
calculations. A summary of these parameters and their values can be found in Table 2.
5.2.1

Estimated parameters

The top half of Table 2 shows the ten parameters that I have calibrated to match key targets
in Table 1. The parameters of the productivity process, θ1 and θ2 , determine the optimal
investment scale (given prices) according to the firm optimality condition (8), and so these
parameters map into total firm leverage. The estimated function f (I) from (20) is depicted
in Figure 11 in the appendix. The level of default risk in the model, conditional on lender, is
dictated in large part by the mean and standard deviation of the private benefit of shirking
process, µx and σx . Note that the private benefit x is in fixed units (i.e. does not scale
with the amount invested or borrowed). The implied distribution is represented in Figure 12
30

For details of the algorithm used to compute the model embedded in SMM, see Appendix B.
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in the appendix. Then, the relative difference between default risk for bank and household
loans is a function of banks’ comparative advantage in monitoring and the extent to which it
is exercised. This depends critically on the parameters of the bank cost function from (21),
ρ1 and ρ2 . This cost function is shown for various levels of monitoring over lending and vice
versa in Figure 13 in the appendix. Both these parameters also critically effect the bank’s
loan return, and the ratio of non-interest to total expenses. The amount of default in the
model is also driven by the success rate of shirkers in each state and the likelihood of each
state.
Given that I estimate a static model, it is critical to have reasonable estimates of the
amount of capital in the economy and its distribution across sectors. These variables link
critically to bank and firm leverage, respectively. These values reflect that banks in reality have only a small share of the total capital in the economy, relative to the amount of
investment that flows through them.
5.2.2

Parameters selected outside the model

The bottom portion of Table 2 contains parameters that I have selected outside the model
(i.e. not explicitly estimated via SMM). The value of γ = 3 for the CRRA coefficient of
households is standard in the macro literature. The probability of the low p state, ψ = 0.96,
was chosen to match the probability of entering a recession in the post-WW2 United States.31
The baseline capital requirement of χ = 4.0% comes from the specification under the Federal
Reserve (as guided by Basel II) for banks to be considered “adequately capitalized.” 32

5.3

Model fit

The results in Table 1 suggest that this model is able to match aggregate features of the
economy which pin down the relative sizes and default risk of bank and non-bank lending
to firms. Specifically, default rates on both bank loans and corporate bonds closely resemble
their counterparts in the data, and the bank share of total debt is consistent with the
manufacturing firms in the QFR. In addition, I capture closely the relative difference between
default rates in the bank and non-bank sectors. Firms in my model are slightly more levered
as their counterparts in the data, but this could be reflective of some of the abstractions
P2015Q4
That is, q = t=1945Q1 1[rect+1 = 1, rect = 0], where rect is an indicator equal to one if the economy is
in recession in period t and 1(·) is an indicator function equal to one if all events within are true.
32
Under the current capital regulatory regime, a bank holding company must have a Tier 1 capital ratio /
Tier 1 + Tier 2 capital ratio / leverage ratio of at least 4% / 8% / 4% in order to be considered adequately
capitalized. In order to be considered well-capitalized, the analogous figures must be 6% / 10% / 5%. For
further details, see, for example, Corbae and D’Erasmo (2014).
31
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in my model: in particular, I assume no default costs or equity issuance. Banks maintain
high leverage as observed in the data. In terms of interest rates, banks’ loan returns are
consistent with the return on C&I loans in the call report data. Ultimately, though, the
calibrated model is sufficiently close to the chosen targets to provide a reasonable laboratory
in which to conduct counterfactuals. I proceed to these experiments in the next section.

6

The Effects of Increasing Capital Requirements with
and without Direct Lending

In this section, I explore the effects of changing capital requirements in both the baseline
model described in Section 4 and a variant of this model in which the direct lending channel
is shut down. A full description of the model without direct lending is available in Appendix
A.2. For each value of χ in all the analysis which follows, I solve for the resulting equilibrium
and compute the desired moments. I first consider lending, then risk, and then combine these
two effects to consider total welfare.

6.1

Bank lending declines are offset by direct lending in the baseline

Figure 6 shows the total lending of each type for both models across the range of capital
requirements. In both models, very low capital requirements do not bind, and so there is
an interval near zero where the equilibrium of the model does not change. As the capital
requirement increases to the point where it begins to bind, bank lending in both models
(solid black line for the baseline and dashed red line for the bank only case) decreases.
In the baseline model, direct lending increases (solid blue line) once the capital requirement curtails bank lending. In fact, the pickup in direct lending offsets the decline in bank
lending relative to lower levels of the capital requirement.33 In contrast, in the model with
banks only no other sector can rise to meet the demand. Therefore, the capital requirement
on banks acts as an effective ceiling on total investment in the economy. This imposes a
steep and sudden dropoff in total lending, and therefore also in investment and output.
33

This result of almost complete offsetting is stark and bears comment. Since all firms in my model have
“access” to both types of financing, there are no strict barriers to obtaining direct finance as bank finance
becomes scarce. If firms faced costs of substitution – say, getting rated or listed on an exchange –, or if the
“firms” were other risky assets like mortgages, this effect could be dampened considerably.
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Figure 6: Lending across capital requirements

6.2

Aggregate default rates drop initially, then rise (fall) afterward
in baseline (bank only)

Figure 6 demonstrates that there is almost complete substitution into direct finance as
binding capital requirements begin to limit bank lending. How does this substitution impact
aggregate risk in the economy? Figures 7 and 8 address this question by showing the evolution
of aggregate risk and its components over the range of capital requirements.
The left panel of Figure 7 shows the aggregate default rate for the baseline model only.
Once the capital requirement binds enough to make the strategy of over-lending and failing
in the bad state not viable, we see an immediate and stark drop in aggregate default. This
is because at low levels of the capital requirement, banks choose to borrow heavily and
devote this funding to lending, economizing on monitoring (as shown in the top right panel
of Figure 8). Once lending is capped to the point where this strategy is no longer profitable –
consistent with the results in Lemma 2 –, bank and aggregate default rates drop immediately
as banks increase their monitoring to protect themselves in the down state. As the capital
requirement is increased further, though, the aggregate default rate rises as monitored bank
lending is replaced with unmonitored direct lending. On one hand, as bank monitoring
increases, the implied default rate on bank loans (bottom left panel, Figure 8) decreases. In
this sense, the capital requirement has its intended effect: bank lending is safer. Moreover,
due to equilibrium price adjustment on direct loans (see the section below), the default rate
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Figure 7: Aggregate default in baseline and bank only models
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Figure 8: Default rates and monitoring across capital requirements
on direct lending decreases as well. Still, though, since households do not monitor, the level
of the default rate on direct loans is higher than the default rate on bank loans. Then, since
the composition of total lending tilts to direct lending, aggregate default increases.
How does this response differ in the economy with banks only? The top right panel of
Figure 7 plots the aggregate default rates for both the baseline and bank only models on
the same scale. Without a direct lending market, aggregate and bank loan default rates
coincide (i.e. the dashed red lines in the top and bottom left panels of Figure 8 coincide). As
the capital requirement increases, banks monitor more, just as in the baseline model. This
implies that, once again, the regulation has its intended effect. In fact, capital requirements
are even more effective at inducing banks to monitor in this version of the model (the
dashed red line rises higher and more steeply than the solid black line). Examining the bank
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Figure 9: Interest rates and taxes across capital requirements
monitoring optimality condition (14) reveals that the effective marginal cost of monitoring
is lower for each level of the capital requirement in the model with only banks since q rises
more steeply than in the baseline model (see Figure 9 and the discussion below). As banks
monitor borrowing firms more, fewer firms shirk and lending becomes safer, reflected in
falling default rates. Finally, without the substitution effect present in the baseline model,
the decline in default rate in the aggregate is roughly eight times larger.

6.3

Price adjustment is flatter in baseline than bank only model

Since I present a general equilibrium model, and all agents behave competitively and take
prices as given, understanding how prices adjust in response to changes in the capital requirement is critical. Figure 9 plots the evolution of all three prices in the model (presented
as net interest rates to ease the discussion), as well as the down state tax rate, T (pl ). The
first and most straightforward price effect is that interest rates on bank loans rise, as the
capital requirement induces a mechanical inward shift of the bank loan supply function. As
the bank loan supply function shifts inward, banks also demand fewer deposits. Therefore,
the deposit rate increases, making deposits much less attractive to the household. Thus,
even though firms’ demand for direct loans increases in response to the new scarcity of bank
loans, households’ direct loan supply increases so much that the direct loan rate actually
falls.
Prices evolves quite differently in response to increased capital requirements in the model
30

with banks only. When bank lending declines in this model, households cannot soak up loan
demand and offset the resulting loss in investment by banked firms. Given this inability
to substitute, firms’ bank loan demand is much more inelastic than in the baseline. Thus,
the bank loan rate must rise rapidly in order for the market to clear. In addition, since the
household cannot invest in direct lending, the supply of deposits in this bank only model
is highly inelastic: the household optimally invests d∗H = kH as long as q < 1. Therefore,
as soon as bank loan supply decreases to the point where banks’ total external financing
demand, c(mB , qB `B bB ) − kB , is below kH , the deposit rate shoots immediately up to 0. At
this point, households do no better than the storage technology: any investment they make
returns one unit per unit invested.

6.4

Welfare is maximized at a higher capital requirement in baseline than bank only model

Throughout this paper, I have argued that the inclusion of a non-bank lending sector alters
the aggregate effects of changing capital requirements on banks. I have explored the impacts
on risk, investment, and prices. Ultimately, though, we would like to know: are agents
better off at different capital requirements in a world with banks and other types of lenders,
compared to a world with banks only? To answer this question, in this section I solve
numerically for the welfare-maximizing capital requirement in each of these models. For
each level of the capital requirement, I compute the welfare criterion
W (χ) = ωB vB (kB ) + ωH vH (kH ) + ωF vF (kF ),

(22)

where the weight ωi = ki /(kB + kH + kF ) corresponds to agent i’s share of the economy’s
total capital. I find that the welfare-maximizing capital requirement in the baseline model
is 3.4%, compared to 1.6% in the analogous model with banks only.
In both the baseline model and the variant with banks as the only lenders, maximizing
welfare using a capital requirement involves balancing the costs of decreasing bank lending
with the benefits of mitigating economy-wide risk. In the baseline, the first order costs of
decreasing bank lending are low: households can readily offset the decline in bank lending.
This is precisely what we observe in Figure 6. Therefore, raising bank capital requirements
benefits the economy as a whole, making banks safer without much loss of investment and
output. As capital requirements become very stringent, however, the shift in loan composition toward unmonitored direct lending induces such a high level of risk that total welfare
begins to decline as the initial improvement in risk is undone, as shown in Figure 8. In
contrast, in the model with banks only, the first order cost of the decline in bank lending is
31

Model
Capital requirement, χ (%)
Description

Baseline
4.0
3.4 1.6
χ∗2
Basel χ∗1

Banks only
3.4
1.6
χ∗2
χ∗1

Risk

Bank default rate (%)
Aggregate default rate (%)
Output volatility (%)
HH risk premium (%)
Firm leverage
Bank leverage

1.21
1.85
1.88
6.68
0.30
0.96

1.24
1.83
1.89
7.23
0.31
0.96

1.16
1.16
1.66
0.15
0.98

1.93
1.93
2.08
0.27
0.99

Investment

Aggregate investment (I/K)
Mean output (E(Y )/K)
Bank share of total lending (%)

1.00
1.23
29.3

1.00 1.00 0.76
1.23 1.23 0.97
36.3 51.8 100

0.92
1.14
100

1.56
1.91
2.01
8.93
0.31
0.97

“Basel” refers to the minimum capital requirement to be in compliance with the Basel II Accord.
The values of χ = χ∗1 and χ = χ∗2 maximize welfare in the baseline and bank only models, respectively.
Definitions of model moments can be found in Appendix B.
Notes:

Table 3: Additional moments and comparing the welfare-maximizing capital requirements across the baseline and bank only models
very high: no one in the economy provides an alternative source of credit to productive firms.
Therefore, the benefit of decreasing risk pales in comparison to the cost of lost investment.
In total, these forces deliver the result that the welfare-maximizing capital requirement with
both banks and direct lending is significantly higher than the one with banks only.
To this point, I have focused my discussion around risk and investment on default rates
and total lending, respectively. The model, though, permits analysis of a wide variety of
additional risk and investment metrics. In this section I explore these metrics in the context
of a further explanation of the gap in the welfare-maximizing capital requirement.
Table 3 contains a fuller set of model moments under each of these two categories. Each
column represents one of five models. In the first column, I present the baseline model, at
the targeted Basel II minimum capital requirement. The next two columns present moments
from the baseline model, and the final two present moments from the model with banks
only. For each of the baseline and bank only models, I show how the economy behaves at
two levels of the capital requirement. The first level, χ∗1 = 3.4%, maximizes welfare in the
baseline model; the second, χ∗2 = 1.6%, maximizes welfare in the model with banks only.
For the baseline model, output volatility, risk premia, and measures of leverage make it
clear that the increase in capital requirements from χ∗2 to χ∗1 is not very impactful. Volatility
goes down by a single basis point (bp), and the risk premium on direct debt by seven bps.
Firm and bank leverage are also virtually unchanged. Furthermore, on the investment side,

32

the impacts are not really seen until χ increases beyond χ∗2 , closer to the level observed in
the data.
Considering the bank only model, though, one immediately sees why the drivers of welfare
are so different. While risk metrics improve across the board as the capital requirement
increases from χ∗1 to χ∗2 – default rates decline and volatility falls by 2.9% –, the costs on
the output and investment side are stark. Perhaps most notably, even though all capital
in the economy is invested into the productive technology in the baseline model over the
range of capital requirements shown in Table 3, at χ∗2 only 76% of the capital stock goes
into production, as households increasingly store their goods due to the lack of attractive
investments. Furthermore, going from χ∗1 to χ∗2 involves a steep decline in expected output
to capital, from 1.14 to 0.97. Clearly, these losses in investment and output outweigh all the
beneficial decreases in risk and volatility.

7

Conclusion

In this paper, I have presented a tractable framework to analyze the effects of banking
regulations when borrowers can obtain financing from non-bank lenders. Critically, this
framework features (i) a choice between lenders for firms; (ii) a distinction between these
lenders which creates a unique role for banks (monitoring); and (iii) bank risk-taking incentives, and therefore a role for bank regulation. I have used this framework to map out
the impacts of increasing bank capital requirements. Capital requirements resolve the riskshifting externality associated with the pairing of deposit insurance with limited liability.
When capital requirements increase, banks decrease the amount they lend, but also increase
the intensity with which they monitor borrowers. This leaves the portion of the total lending
in the economy accounted for by banks safer and smaller. However, the reduction in lending
by banks is offset by an increase in direct lending by households. Since this latter form
of lending is unmonitored, aggregate default risk in the economy can increase, even if the
impacts on investment and expected output are minimal. The welfare-maximizing capital
requirement is just high enough that banks take into account payoffs in both states of the
world, and mitigate risk accordingly.
Using the calibrated model, I solve for and compare equilibria across a range of capital
requirements. I find that this welfare-maximizing capital requirement on banks is higher
when one accounts for substitution by firms into direct lending, relative to the one from a
model with banks only: 3.4% in the former, 1.6% in the latter. The intuition behind this
critical result is as follows. In a model with banks only, the loss of output associated with
decreased bank lending is so severe that reining in risk-taking by banks by setting a very
33

stringent capital requirement is too costly. With both banks and direct lending, however,
this first order effect of loss of output is mitigated almost completely by an increase in direct
lending. Since the cost of increasing the capital requirement on banks is quite low in this
case, welfare is actually maximized by making banks safer, even if the aggregate default risk
in the economy increases.
I have contributed to the literature which studies the effects of banking capital requirements by highlighting the tradeoff between making one lending sector of the economy safer,
while potentially pushing lending into another sector. For simplicity of exposition of the core
ideas, however, this paper has several limitations which create room for fruitful future research. For example, the model presented above is static, but it will be critical going forward
to account for the dynamic costs and benefits. Specifically, does the increased risk associated
with higher capital requirements and more direct lending amplify economic downturns? How
might firms’ and households’ saving and investment policies change when we consider capital
accumulation? These additional effects may be critical, especially quantitatively. Furthermore, my work considers a single type of firm. The data show that different types of firms
use very different mixes of bank and non-bank financing,34 and so the impact of increasing
capital requirements on banks could vary widely in the cross-section of firms. Lastly, the
model does not allow for equity issuance by banks (i.e. I assume that it is infinitely costly).
In response to a binding capital requirement, though, banks may be able to maintain some
additional lending by issuing equity. I leave these and other questions for future research.

34
See , for example, Becker and Ivashina (2014); Colla et al. (2013); Faulkender and Petersen (2006);
Houston and James (1996); Rauh and Sufi (2010).
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A
A.1
A.1.1

Model Appendix
Proofs
Proof of Lemma 1

The value associated with borrowing from lender i ∈ {H, B} can be expressed as
ˆ ∞
(x − mi )dG(x) subject to I ≤ qi b + k.
Vi (k) = max P (mi , p)(f (I) − b) +
I,b

(23)

x(mi )

Since qi ≤ 1 and firms are risk neutral, borrowing only occurs if investment exceeds internal capital:
I focus only on this case (when b > 0). In this case, the budget constraint must bind, and so the
problem can be expressed as a single, unconstrained optimization in terms of the loan size, b. The
first order condition of this problem is
∂P (mi , p)
(f (qi b + k) − b)
∂b
∂x(mi )
∂x(mi )
−x(mi )g(x(mi ))
+ mi g(x(mi ))
= 0,
∂b
∂b

P (mi , p)(qi f 0 (qi b + k) − 1) +

(24)

where g(·) is the p.d.f. of x. The partial derivative terms in this expression can be computed as:
∂P (mi , p)
∂b
∂x(mi )
∂b

= (1 − p)g(x(mi ))

∂x(mi )
∂b

= (1 − p)(qi f 0 (qi b + k) − 1).

Plugging the first expression into (24) yields
P (mi , p)(qi f 0 (qi b + k) − 1) +

∂x(mi )
g(x(mi )) [(1 − p)(f (qi b + k) − b) + mi − x(mi )] = 0.
∂b

(25)

Recalling equation (3), however, the term in brackets is equal to zero. Therefore, as long as
P (mi , p) > 0, the optimality condition reduces to (8). Q.E.D.

A.1.2

Proof of Lemma 2

To prove this claim, I need not take a stance on whether limited liability binds for the bank.
Therefore, consider the optimality conditions (13) and (14). If the capital requirement is slack, then
µ = 0 and varying the level of χ has no impact. Therefore, for the remainder of this proof I consider
only the case in which the capital requirement binds.
We proceed using a two-dimensional version of the Implicit Function Theorem. Define
qB
c` (mB , qB `B bB ) − µχqB bB
q
1
F2 (mB , `B |χ) = P1 (mB , p) − cm (mB , qB `B bB )
q
F1 (mB , `B |χ) = P (mB , p) −

Then, the optimality conditions of the firm reduce to F (mB , `B |χ) = (F1 (mB , `B |χ), F2 (mB , `B |χ)) =
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0. Then, using the Implicit Function Theorem, we find that
"
#,
"
∂F1
∂F1
∂F1
∂`∗B
∂χ
∂mB
∂`B
= − det ∂F
det
∂F
∂F2
2
2
∂χ
∂χ
∂mB
∂`B
"
#,
"
∂F1
∂F1
∂F1
∂m∗B
∂χ
∂`B
B
= − det ∂`
det
∂F2
∂F2
∂F2
∂χ
∂`B
∂χ
∂`B

#

∂F1
∂mB
∂F2
∂mB
∂F1
∂mB
∂F2
∂mB

#
,

and so
∂`∗B
∂χ
∂m∗B
∂χ

,

∂F1 ∂F2 ∂F1 ∂F2
∂F1 ∂F2
−
= −
∂χ ∂mB
∂mB ∂`B
∂`B ∂mB
,

∂F1 ∂F2 ∂F1 ∂F2
∂F1 ∂F2
−
,
=
∂χ ∂`B
∂mB ∂`B
∂`B ∂mB

(26)
(27)

2
where we have applied the fact that we know that ∂F
∂χ = 0. Plugging in the relevant partial
derivatives reveals that the denominator in both (26) and (27) is equal to





1
qB bB
qB
qB c`` P11 − cmm − cm` P1 −
cm`
D=−
q
q
q

where I have suppressed the arguments to the cost function and x to ease notation. Furthermore,
the second order conditions of problem (11) imply that




qB bB
1
qB 2
S=−
qB c`` P11 − cmm −
c
> 0,
q
q
q m`
so that D − S > 0. Since S > 0, then D > 0, and so the denominator in (26) and (27) must be
strictly positive.
Then, equation (26) can be expressed as




1
1
∗
µq
b
P
−
c
µq
c
P
−
11
mm
mm
11
B
B
q
q
∂`B



 ≤ 0.
=
=−
1
∂χ
D
qB c`` P11 − q cmm − cm` P1 − qqB cm`
Once more, comparing the expressions for D and S above reveals that the denominator of this last
expression must be negative, and so the sign of the derivative of bank loan supply with respect to
the capital requirement takes the sign of P11 − 1q cmm . The second term in this expression is negative
since cmm > 0 by assumption. The first term is equal to (1 − p)g 0 (x), which must be negative at an
optimal policy.
Finally, equation (27) can be computed as
∂m∗B
µq 2 b2 cm`
= B B
≥ 0,
∂χ
qD
since cm` > 0 by assumption. Note that whenever the capital requirement is binding so that µ > 0,
this inequality is strict. Q.E.D.
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A.1.3

Proof of Proposition 1

Analyzing the bank problem. The presence of the limited liability in the bank problem creates
the potential for discontinuities and “jumps” in bank optimal policies which make demonstrating
existence of equilibrium difficult. Therefore, the first step in the existence proof is to deal with
these jumps. To this end, I show in Lemmas 3 and 4 that the bank problem (11) can be analyzed
using two subproblems. Then, I augment the problem by allowing individual banks to randomize
over policies.

Lemma 3. Two subproblems. Define the state-specific payoff function of the bank for a given
policy to be
ṽB (yB , p|q) = P (mB , p)`B bB − dB ,
where yB = (mB , `B , dB ), and define the following constraint correspondence, using the budget and
capital requirement constraints from (11):

ΓB (q) = yB = (mB , `B , dB ) ∈ R3+ |c(mB , qB `B bB ) ≤ k + qdB and χqB `B bB ≤ k .
(28)
Then, define
Γ1B (q) = {yB ∈ ΓB (q)|ṽB (yB , pl ) ≥ 0}
Γ2B (q) = {yB ∈ ΓB (q)|ṽB (yB , pl ) ≤ 0}
the following two subproblems:
1
vB
(q) =
2
vB
(q) =

max ψṽB (yB , ph |q) + (1 − ψ)ṽB (yB , pl )

(29)

max ψṽB (yB , ph |q)

(30)

yB ∈Γ1B (q)

yB ∈Γ2B (q)

i (q) is continuous and the optimal policy y i∗ (q) is non-empty, compact-valued,
Then, for i ∈ {1, 2}, vB
B
and upper hemi-continuous.35

Proof. Problem (29) solves the bank problem imposing that limited liability does not bind in the
low state, while problem (30) assumes that it binds. The constraint correspondence (28) is clearly
non-empty, compact- and convex-valued and continuous. In addition, the constraints ṽB (yB , pl ) ≥ 0
and ṽB (yB , pl ) ≤ 0 which augment ΓB into Γ1B and Γ2B , define closed and bounded regions in R3+
and preserve continuity. Therefore, Γ1B and Γ2B are also non-empty, compact-valued, and upper
hemi-continuous. In addition, since ṽB is continuous in q for all p, the objective functions in both
(29) and (30) are continuous. Therefore, each of these subproblems satisfies all the conditions of
the Theorem of the Maximum, and the result follows.

The subproblems from the preceding lemma were constructed based on whether or not limited
liability would bind in the down state: in (29), it was assumed to be slack, whereas in (30) it was
assumed to bind. The next lemma shows that the value function from the original bank problem
can be recovered from the two subproblems analyzed in Lemma 3.
35

Throughout this section, I explicitly make the argument to the value functions the price vector
q, to make clear the fixed point argument at the end of the proof.
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Lemma 4. Recovering the original problem from the subproblems. The bank’s value function vB from (11) can be expressed as
 1
2
vB (q) = max vB
(q), vB
(q) .

(31)

Proof. By definition, any solution to either problem (29) or problem (30) satisfies the constraints
of the original problem (11). What remains to show is that the objective functions coincide. If
limited liability is slack in all states, then
E [max {P (mB , p)`B bB − dB , 0}] = E [P (mB , p)`B bB − dB ]
= ψṽB (yB , ph |q) + (1 − ψ)ṽB (yB , ph |q)
which is the exact objective function from (29). Likewise, if limited liability binds in the down state,
E [max {P (mB , p)`B bB − dB , 0}] = ψṽB (yB , ph |q) + (1 − ψ) · 0,
which is the expression in (30). Then, since both solutions satisfy both the objective and the
constraints of the original problem in the case in which they deliver the highest value (see the
possible scenarios discussed in the proof of Lemma 5 below), the one with the highest value must
be the solution to the original problem.

While both subproblems from Lemma 3 are “well-behaved,” and Lemma 4 shows that we can
use them to find the solution to the original bank problem, in order to establish the properties of
the aggregate bank optimal policies considered below, we need to make sure that banks’ optimal
decisions do not switch back and forth suddenly between the two sets of policies. This is indeed not
the case, and this result is formalized in the following lemma.

Lemma 5. Indifference points. For every q, there is at most a single value of qB such that
1 (q) = v 2 (q). Define this value of q to be q (q). Then, for all q < q (q), v (q) = v 2 (q), and
vB
B
B
B
B
B
B
B
1 (q).
for all qB > q B (q), vB (q) = vB

Proof. I consider four cases which involve different scenarios for whether or not the limited liability
consistency constraints bind or not. Let ζ 1 ≥ 0 and ζ 2 ≥ 0 be the Lagrange multipliers on the
constraints ṽB (yB , pl |q) ≥ 0 in problem (29) and ṽB (yB , pl |q) ≤ 0 in problem (30), respectively.
Then we have four possible cases:
1∗ , p |q) = 0.
1. ζ 1 > 0, ζ 2 = 0. In this case, the constraint for problem (29) binds, and so ṽB (yB
l
Then, the objective function is the same as in problem (30), but the constraint set includes an
2 (q) > v 1 (q), where the inequality is strict because the constraint
additional constraint. Therefore, vB
B
strictly binds (i.e. ζ 1 is strictly positive).
2∗ , p |q) = 0.
2. ζ 1 = 0, ζ 2 > 0. In this case, the constraint for problem (30) binds, and so ṽB (yB
l
Then, since the constraint set Γ1B (q) from problem (29) allows ṽB (yB , pl |q) to adjust freely into
1 (q) > v 2 (q). Again, the inequality is strict because ζ 2
positive territory, it must be the case that vB
B
is strictly positive.
3. ζ 1 = 0, ζ 2 = 0. In this case, then both constraints are slack and can be ignored, effectively
1 (q) or
reducing the constraint sets to Γ1B (q) = Γ2B (q) = ΓB (q). Fix q ∈ (0, 1]. Then, if either vB
2
vB (q) is strictly higher for all qB , there are no indifference points. Therefore, assume that there
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1 (q) = v 2 (q). Then, it must be the case that at these prices
exists q B (q) such that vB
B




1∗
1∗
1∗
1∗
1∗
ψ P (m1∗
B (q), ph )`B (q)bB − dB (q) + (1 − ψ) P (mB (q), pl )`B (q)bB − dB (q)


2∗
2∗
= ψ P (m2∗
B (q), ph )`B (q)bB − dB (q)

Applying the Envelope Theorem, we know that
1 (q)
∂vB
∂qB
2 (q)
∂vB
∂qB

`1∗
1∗
1 1∗
B bB
c` (m1∗
B , qB `B bB ) − µ χ`B bB
q
`2∗ bB
2∗
2 2∗
= −ψ B c` (m2∗
B , qB `B bB ) − µ χ`B bB ,
q
= −

and so
1 (q)
∂vB
∂v 2 (q)
− B
∂qB
∂qB






1∗
2∗
2∗
c` (m1∗
1
2∗ c` (mB , qB `B bB )
2
B , qB `B bB )
= bB −`1∗
+
µ
χ
+
`
+
µ
χ
B
B
q
q

bB 
2∗
1∗
1∗
P (m2∗
=
B , ph )`B − P (mB , p)`B > 0,
qB

where the second line plugs in the first order condition for loans (13) for each case. Since the value
associated with the policies from the subproblem (29) rises faster in qB than the corresponding
value for subproblem (30), and the value increases are monotone, it follows that there is at most one
indifference point between the two. If this indifference point q B (q) exists, then, it is such that the
policies from (30) are chosen for qB < q B (q) while the policies from (29) are chosen for qB > q B (q).
4. ζ 1 > 0, ζ 2 > 0. This is a knife-edge case which can be safely ignored.
1 (q) =
In cases 1 and 2, an indifference point between the two problems (in the sense that vB
2
vB (q)) is ruled out. In case 3, I have demonstrated that there is at most one indifference point.
Case 4 is irrelevant (though a logic similar to that applied to case 3 could be applied). Since these
cases exhaust all possibilities, this completes the proof.

Convexifying policies using bank mixed strategies. The transition between optimal
policy regimes for the bank outlined in Lemma 5 establishes that bank optimal policies may have a
non-convexity around the point of indifference. Several instances of this situation are illustrated in
Figure 10. If this non-convexity induces, for example, the bank loan supply function to “skip over”
the aggregate bank loan demand function, then, there can be problems for equilibrium existence
(case 3 in the bottom two panels). Note that this non-convexity does not imply nonexistence of
equilibrium: as long as demand crosses supply on either side of the jump, there is no problem (cases
1 and 2 in the top two panels).
1∗ (q) and y 2∗ (q); that is,
At q B (q), all banks are indifferent between operating under policies yB
B
1
2
vB (q) = vB (q). Elsewhere, one policy gives strictly greater value. Therefore, if we allow the bank
to use mixed strategies, we can “connect” the end points of the jump. Specifically, define the mixing
probability η used by banks as the optimal weight placed on policies associated with problem (29)
(with the corresponding fraction 1 − η on problem (30)). Then,

1 (q) > v 2 (q)

if vB
1
B
1 (q) = v 2 (q)
η ∗ (q) = [0, 1] if vB
(32)
B


1
2
0
if vB (q) < vB (q)
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Figure 10: Illustration of potential for “jumps” in the bank problem
the optimal randomization correspondence. Note that this implies that the tax in state p is now


(33)
T (p, η) = η max d1B − PB (m1B , p)`1B bB , 0 + (1 − η) max d2B − PB (m2B , p)`2B bB , 0
I assume that firms choose to go to bank finance and are then randomly assigned to a bank.
Define the value of a firm who goes to bank finance and is matched with a bank using policy
j ∈ {1, 2} by VBj (k). Then, we can replace VB from the main text by
VB (k) = ηVB1 (k) + (1 − η)VB2 (k),

(34)

where η ∈ η ∗ (q). Note that firms demand the same size loan regardless of who they are paired with,
since this choice is independent of m (which may vary across policy 1 and policy 2 banks). Then,
aggregate loan demand for each type of loan, Li bi , is still governed by (10), with the VB term in Li
replaced by (34).
Since deposits are fully insured, households are indifferent between depositing at banks operating
under either policy. We obtain the following modified equilibrium definition:

Definition 2. Equilibrium with bank mixed strategies. An equilibrium allowing for bank
mixed strategies is a set of: firm lender share and loan amount choices, L∗i and b∗i for i ∈ {H, B, O};
1∗ , y 2∗ , and η ∗ ; household choices of storage, a∗ , deposits, d∗ , and direct loans
bank choices yB
B
H
H
∗
∗ and q ∗ ; a deposit price q ∗ ; and a lump-sum tax
to firms, `H ; bank and direct lending prices, qB
H
T ∗ (p, η) for all p such that: firms’ lender choices solve (9), firms’ loan sizes solve (7), and direct
and bank values are given by (4) (with (34) taking the place for firms’ value of going to the bank);
bank choices solve (29) and (30), with mixing fraction η ∈ η ∗ (q), given by (32), taking b∗B as given;
household choices solve (15), taking b∗H and T ∗ (p, η) as given; direct and bank lending and bank
deposit markets clear:
∗ 2∗
L∗B = η ∗ `1∗
B + (1 − η )`B

η ∗ d1∗
B

+ (1 −

L∗H
η ∗ )d2∗
B

=
=

`∗H
d∗H ,

where L∗i is given by (10); and the tax T ∗ (p, η) is given by (33).
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(35)
(36)
(37)

The remainder of this proof is devoted to proving existence of an equilibrium of this form.
Excess demand correspondence. Define the aggregate excess demand mapping
Z(q) = (zH (q), zB (q), z(q)) ,

(38)

where each component correspondence represents the excess demand in one of the three sub-markets:
zH (q) = (L∗H (q) − `∗H (q))b∗H (q)

(39)

(L∗B (q) − `∗B (q))b∗B (q)
d∗B (q) − d∗H (q)

(40)

zB (q) =
z(q) =

(41)

Lemma 6. Properties of the excess demand correspondence. The excess demand correspondence Z(q) is non-empty, compact- and convex-valued, and upper hemi-continuous.

Proof. To see this, I show that each term in each component of the excess demand function satisfies
these properties. Then, since each component satisfies the required properties, and each component
of the excess demand function Z is just a sum of components, the result will follow.
Households. First, observe that q ∈ [0, 1]3 ⊂ R3 . Then, we can define the constraint set to be

ΓH (q) = yH = (aH , dH , `H ) ∈ R3+ |aH + qdH + qH `H bH ≤ kH .
This correspondence is convex-valued, compact-valued, and continuous. Then, defining
fH (yH |q) = E[U (aH + dH + P (0, p)`H bH − T (p))],
so that f : [0, 1]3 × R3+ → R, the household’s problem is maxyH ∈ΓH (q) fH (yH |q), where f (·) is
continuous. Then, the Theorem of the Maximum implies that the optimal policy correspondence
∗ (q) is nonempty, compact-valued, and upper hemi-continuous.
yH
Firms. This result is obtained by examining equations (7) and (10) in succession. Define
yF i = (bi , Ii ) to be the firm’s choices conditional on a choice of lender i. The constraints on the firm
problem can be expressed via the correspondence

ΓF i (q) = yF i ∈ R2+ |Ii ≤ qi bi + kF ,
which is compact-valued, convex-valued, and continuous. In addition, define
ˆ ∞
fF i (yF i |q) = P (mi , p)[f (I) − b] +
(x − mi )dG(x),
x(mi )

which is continuous in prices (so long as the density function g(·) of the private shirking benefit x is
continuous as assumed). Then, (7) becomes Vi (q) = maxyF i ∈ΓF i (q) fF i (yF i |q), and the Theorem of
the Maximum implies that yF∗ i (q) is non-empty, compact-valued, and upper hemi-continuous, and
Vi (·) is continuous.
Since Vi (·) is continuous in prices, and examining (10) reveals that Li is continuous in Vj for all
i, j ∈ {H, B, O}, it follows immediately that L∗i (q) is continuous in q.
Banks. On the bank side, we consider the aggregate policy correspondence. Lemma 3 implies
2∗
that both policies, `1∗
B (q) and `B (q) are non-empty, compact-valued and upper hemi-continuous.
What remains, then, is to analyze the aggregate bank loan supply function, given by the right-hand
side of (35) for η ∗ ∈ η ∗ (q) defined by (32). Lemma 5 implies that there are three possible cases.
First, η ∗ (q) = 1 everywhere: then, Lemma 3 delivers the result because `∗B (q) = `1∗
B (q). Second,
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η ∗ (q) = 0 everywhere: then Lemma 3 delivers the result because `∗B (q) = `2∗
B (q). The third and final
case arises at the single value of q B . In this case, any η ∈ [0, 1] is consistent with bank optimality
1 (q) = v 2 (q), and therefore the optimal policy correspondence is the convex combination
because vB
B
of two non-empty, compact-valued and upper hemi-continuous correspondences.

Lemma 6 shows that the excess demand function in (38) has the standard properties to use a
fixed point equilibrium existence argument. The next three lemmas complete this argument.
For small  > 0,36 define the set

Q = q ∈ [0, 1]3 | q ∈ [, 1], qB ∈ [q̃B + , 1], qH ∈ [q̃H + , 1] ,
(42)
where q̃i for i ∈ {H, B} is the solution to f 0 (kF ) = 1/q̃i , i.e. the price just at which the nonnegativity constraint on b binds. All prices lower than this are irrelevant since demand must be 0.
Further, define the tatonnement price adjustment operator
T  (q) = max qH zH + qB zB + qz
q∈Q

(43)

Lemma 7. Fixed point of T  . The operator T  has a fixed point q ∗ in Q for all  ∈ (0, 1).
Proof. I have previously shown that the excess demand correspondence Z(·) is non-empty, compactvalued and upper hemi-continuous. In addition, standard arguments following Hildenbrand and
Kirman (1988) imply that for strictly positive , T  is non-empty, convex-valued and upper hemicontinuous. Therefore, Kakutani’s fixed point theorem implies that T  has a fixed point q ∗ ∈ Q .
Lemma 7 demonstrates that the T  operator from (43) has a fixed point. The remaining lemmas
are devoted to demonstrating that this fixed point is an equilibrium. Before proceeding, though, it
is useful to first establish several properties of the optimal policies of all agents. These are easily
verified and therefore are stated here without proof: (i) firm loan type i demand is increasing in qi
and decreasing in qj for j 6= i; (ii) bank loan supply is decreasing in qB and increasing in q; (iii)
bank deposit demand is increasing in q and decreasing in qB ; (iv) HH loan supply is decreasing in
qH and increasing in q; and (v) HH deposit supply is decreasing in q and increasing in qH . Having
established these (intuitive) properties, we can proceed to analyze the fixed point from Lemma 7.

Lemma 8. Two conditions for fixed point to be an equilibrium. If either (i) q ∗ ∈ int(Q )
∗ ∈ (q̃ + , 1), q ∗ ∈ (q̃ ∗ + , 1), and q = 1, then 0 ∈ Z(q ∗ ). That is, if either condition (i)
or (ii) qB
B
H
H
or (ii) holds, then an equilibrium exists.

Proof. I consider each case in turn. First, consider the case when q ∗ ∈ int(Q ), and suppose to
the contrary that 0 6∈ Z(q ∗ ). This implies that at least one of zB , zH , and z is not equal to zero.
If zB > 0, then LB bB > `B bB . Given the results above, though, a higher qB will increase this
difference, and so by the definition of T  , qB = 1 eventually, which contradicts the assumption
that q ∗ ∈ int(Q ). The opposite analysis rules out the case that zB < 0: eventually, we would
have qB = q̃B +  6∈ int(Q ), a contradiction. The same analysis resolves both cases for household
lending. Finally, consider the case in which z > 0. Then, it is possible to increase q until q = 1, a
contradiction. The reverse case reveals a contradiction with convergence of q to . This proves the
first part of the claim.
36

Of course,  in this definition is not associated with the additive preference shocks from the model.
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Second, consider the case when q = 1. The logic from the household and bank loan prices
from the first case above still applies. What remains, therefore, is to show that q = 1 is consistent
with zero excess demand. If q = 1, given deposit insurance, households are indifferent between
∗ (q|q = 1) includes any d∗ and a∗ such that
storage and depositing at the bank. Therefore, yH
H
H
∗
∗
∗
∗
dH + aH = kH − qH `H bH . In particular, dH = 0 is included in the set of optimal policies. For
q = 1 to obtain, it must be the case that d∗B < d∗H for q < 1. Since d∗H = 0 is in the optimal policy
set of the household, though, and d∗B > 0, there must be some value of d∗H in the optimal policy
correspondence such that d∗B = d∗H , by continuity.

Lemma 9. Fixed point is an equilibrium. The fixed point q ∗ from Lemma 7 satisfies either (i)
∗ ∈ (q̃ + , 1), q ∗ ∈ (q̃ ∗ + , 1), and q = 1.
q ∗ ∈ int(Q ) or (ii) qB
B
H
H

Proof. In both cases (i) and (ii), we have that qi∗ ∈ (q̃i∗ + , 1) for i ∈ {B, H}. We know that
limqi →0 `i = +∞, and so there exists a strictly positive price below which excess demand zi < 0.
Moreover, it is clear that limqi →q `∗i = 0, since banks or HH would rather invest in deposits, and
so excess demand must turn positive as qi increases: that is, zi > 0. Since q ≤ 1, there must exist
q̂i < q such that excess demand crosses 0.
Having established the desired results for the two loan markets, I turn lastly to the deposit
market. It is clear from the household problem that limq→0 dH (q) = +∞, and so there exists q̂ such
that excess demand for deposits is strictly negative whenever q ≤ q̂. Furthermore, as discussed in
the proof of Lemma 8, z(q) ≥ 0 when q = 1. Therefore, the operator T  sends the deposit price in
the interval (, 1].

Define  = 1/n for n = 1, 2, .... Then we can take  arbitrarily low while preserving the properties
of T  . Lemma 7 demonstrated that T  from (43) mapping prices from Q from (42) into itself has
a fixed point. Lemma 8 showed sufficient conditions for the fixed point of this operator to be
an equilibrium. Finally, Lemma 9 showed that indeed the fixed point must have these sufficient
conditions, completing the proof. Q.E.D.

A.2

Model with banks only

In order to “shut down” the direct lending market, we must essentially constrain `H = 0 in the
household’s portfolio problem, and “artificially” set qH = 0.37 Then, firms effectively choose between
borrowing from the bank and self-financing the project. Therefore, instead of (10), we now have
LB (k) =

exp{αVB (k)}
exp{αVB (k)} + exp{αVO (k)}

(44)

Then, since HH cannot invest directly in firms, the HH beginning and end of period budget constraints are simply
C = aH + dH − T (p) for all p
kH

= aH + qdH .

37

(45)
(46)

Although the  shocks still imply that LH > 0, for kF > 0 given our assumptions on f (·) it
must be the case that bH = 0, and so this market is shut down.
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The portfolio problem for the HH, then, has a very simple solution: if q < 1 , then d∗H = kH and
a∗H = 0; otherwise, if q = 1, then the HH is indifferent between storage and bank deposits, and
any (aH , dH ) ∈ [0, kH ]2 such that aH + dH = kH is a solution. The bank problem is completely
unchanged.

Definition 3. Equilibrium with bank lending only . An equilibrium in the model with only
bank lending is a list of: firm lender share and loan amount choices, L∗i and b∗i for i ∈ {B, O}; bank
choices of deposits, d∗B , monitoring, m∗B , and loan supply `∗B ; household choices of storage, a∗H ,
∗ ; a deposit price, q ∗ ; and a tax rate T ∗ (p), such that: firm
and deposits, d∗H ; a bank loan price, qB
choices solve (9), where bank values are given by (4); bank choices solve (11); household choices
solve (15) subject to the modified budget constraints (45) and (46); bank lending and bank deposit
markets clear according to (17) and (19), respectively, where L∗i is given by (44) and the tax rate is
given by (12).

B
B.1

Data Appendix
Data sources

I use data from three primary sources. In this section I provide brief descriptions of each of these
data sources, highlighting the advantages and limitations of each and pointing out what specific
data I obtain from each source. All nominal variables, regardless of data source, are deflated by the
CPI.

B.1.1

Flow of funds (FF)

The Flow of Funds is a quarterly data release from the Federal Reserve Board of Governors. It contains detailed accounting of the flows and levels of financial assets in the United States, broken down
by sector and instrument, allowing me to identify the composition of external debt for firms and
banks at the aggregate level. The data I draw from this report come from two main sectors: Domestic Nonfinancial Corporate Business (Schedules F.103 and L.103) and U.S. Chartered Depository
Institutions (Schedules F.111 and L.111). I focus on corporate business (excluding noncorporate)
for consistency of comparison with my model: since firms in this category have access to both bank
loans and corporate bond markets, I want to compare only to the sector of the real economy with the
same access. Also, I focus on private, deposit-taking banks to abstract from other types of financial
institutions who may perform different monitoring functions, finance their operations differently, or
be subject to alternative regulatory regimes. In addition, this allows for consistency with the bank
data I obtain from the call reports (described below).

B.1.2

Quarterly Financial Report for Manufacturing, Mining and Trade (QFR)

The QFR contains quarterly information on the financial position and profits of firms in the manufacturing (mining, wholesale and retail trade) industry with domestic assets of at least $250K
($50M). The data come from a sample survey, and individual firms are not identifiable. Rather,
all responding firms are grouped into size and industry classes. I focus only on the largest two size
brackets (assetsizecode = 9 or 10, for total assets of at least $250M) for the same reasons as I
focus on corporate firms in the FF data above. The key advantage of the QFR data is its detailed
breakdown of the debt structures of firms which are not available in other widely used data sources
(such as Compustat, below).
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Firm

Bank

HH

Moment

Source

Data definition

Bank share of business debt
Firm leverage
Firm return on capital
Output volatility

QFR
QFR
QFR
NIPA

bank debt / total debt
total firm liabilities / total firm assets

Default rate, bank loans
Monitoring to total expense
Bank leverage

CR
CR
CR

Bank loan return
Net interest margin

CR
CR

−1
loan return - cost of deposits

Default rate, corporate bonds
Riskless / total HH assets
HH / bank assets

GFSS
FF
FF

corporate bonds defaulted / total corporate bonds
(deposits + treasuries) / total HH financial assets
HH total financial assets / bank total financial assets

net interest before taxes + accumulated depreciation
net property plant and equipment

standard deviation of cyclical component
of HP-filtered log real GDP
(C&I chargeoffs - C&I recoveries) / total C&I loans
salaries / total expenses
total bank liabilities / total assets
income on C&I
1+ interesttotal
C&I loans
1+inflation rate

loans

Table 4: Moment definitions: data
B.1.3

Consolidated Reports of Condition and Income (Call reports)

The call reports are maintained and updated quarterly by the Federal Deposit Insurance Corporation
(FDIC) and contain detailed balance sheet and income statement data for banks operating in the
U.S. Data are assembled at the holding company level. All the statistics reported in the paper from
the call reports come from a data set I have cleaned and subsetted in the following ways: (i) include
only commercial bank holding companies (charter type, RSSD9048 = 200, entity type, RSSD9331
= 1); (ii) include only banks in the 50 states and Washington, D.C. (RSSD9210 between 0 and 57);
(iii) delete observations with missing or 0 assets (RCFD2170 missing or 0); (iv) delete banks with
less than 10 consecutive observations over the sample period of 1984Q1:2011Q4. Throughout the
paper, since my focus is on lending to businesses, the default rates and loan returns are specific to
the commercial and industrial (C&I) loan portfolios of the banks in the sample. All moments used
in the paper which are specific to the banking sector come from the call report.

B.2

Definitions of model moments

In Table 4 below, I provide the definitions of the key moments in the data used in the estimation
procedure discussed in Section 5. The model counterpart is in Table 5, which contains the model
definition of each moment.
For all agents, I define leverage as total liabilities to total assets. Using the QFR data, bank
debt is the sum of short term bank debt, long term bank debt maturing in less than one year, and
long term bank debt maturing in more than one year. I compute the standard deviation of output
as the standard deviation of the HP-filtered log real GDP series with a smoothing parameter of
1600 (given the quarterly data from the National Income and Product Accounts (NIPA)). For the
return on firm capital, I add back in depreciation since in my static model, all capital consumed in
the production process is used for consumption at the end of the period.
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Firm

Bank

Moment

Model definition

Bank share of business debt (%)
Firm leverage
Firm return on capital (%)
Output volatility (%)

qB LB bB
qB LB bB +qH LH bH
H
B
+ LH qHqLHHLbHHb+k
LB qBqLBBLbBBb+k
F
F
K + L rK + L rK
LB rB
H H
O O

Default rate, bank loans (%)
Monitoring to total expense (%)
Bank leverage

HH

Var(log(Y (p))
(1 − p)(1 − G(x(mB )))
c(mB ,qB `B bB )−c(0,qB `B bB )
c(mB ,qB `B bB )−kB
qdB
qdB +kB
P (mB ,p)`B bB
c(mB ,qB `B bB ) − 1

Bank loan return (%)
Net interest margin (%)

1/qB − 1/q

Default rate, corporate bonds (%)
Riskless / total HH assets
HH assets to bank assets

(1 − p)(1 − G(x(0)))
qdH /kH
kH /qB `B bB

Table 5: Moment definitions: model
On the bank side, the default rate is for C&I loans only, and is computed as the total C&I
dollars charged off, less total C&I dollars recovered, divided by total C&I loans. To measure the
relative importance of monitoring in banks’ cost structures, I use the rough proxy of salaries to total
expenses. This measure is far from perfect – monitoring involves not only salaries, but infrastructure
expenditures, and not all salaries are devoted to monitoring –, but the quantitative results are robust
to various measures. Bank loan returns adjust for inflation, and the net interest margin nets out
the cost of funding.
On the household side, I proxy for the default rate on non-bank loans using the default rate
on corporate bonds from Giesecke et al. (2015). I focus only on corporate bonds for two reasons.
First, data availability on loan returns for other non-bank financial institutions is scarce. Second,
corporate bonds map most clearly into the unmonitored lending of my model, since there is a
well known “tragedy of the commons” under which no individual bondholder monitors borrowers.
Riskless household assets include only deposits and US Treasuries.
Next, I consider the model calculations for the moments used in the estimation. A few of the
entries in Table 5 warrant comment. First, firm leverage is computed as the weighted average of
the leverage of firms who borrow from banks, those who borrow from households, and those who
self-finance (and therefore have leverage of 0). Firms’ expected return on capital for lender i is given
by
f (Ii ) − bi
riK = P (mi , p)
− 1.
(47)
kF
Total output in the economy in state p is given by
X
Y (p) =
Li P (mi , p)f (Ii ).

(48)

i

Output volatility is measured as the standard deviation of the log of Y (p). In addition, default rates
(for both bank and direct loans) are computed as the ex ante expected or average default rate, the

48

Firm production function
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Notes: The production function takes the form from equation (20), with scale and curvature parameters θ1 and θ2 from Table
2.

Figure 11: Firm production function
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Figure 12: Firm private shirking benefit distribution
product of the fraction of firms shirking, 1 − G(x(mi )), and the expected failure rate of these firms,
ψ(1 − ph ) + (1 − ψ)(1 − pl ) = 1 − p.
My measurement of bank expenses in the model is designed to create a simple division between interest expenses (the cost of lending only, net of internal funding) and non-interest expenses (the cost of monitoring only). Total expense (the denominator) is the total cost of lending, c(mB , qB `B bB ), less the savings from investing internal capital, kB . The cost associated with
monitoring only, is defined as the difference between the cost of lending and monitoring at the
selected level, c(mB , qB `B bB ), and the cost of lending the chosen amount without monitoring at all,
c(0, qB `B bB ).

B.3

Model technologies

Figures 11, 12, and 13 depict the parameterized technologies underlying the model: the firm production function f (I), the distribution G(x) of the private shirking benefit x, and the bank lending
and monitoring cost function c(m, `). The production function implies an optimal scale of about
5.69. The distribution of private benefits implies a mean of E(x) = 0.17, with variance of 8.62%.
Given the equilibrium borrowing in the model, this is equal to about 15% of the loan size.
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Cost over lending

Cost over monitoring
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Notes: The cost function takes the form from equation (21), with loan and monitoring curvature parameters ρ1 and ρ2 from
Table 2.

Figure 13: Bank lending cost function

B.4

Computational algorithm

The computational algorithm employed to solve this model uses a grid search to find the bank and
household optimal policies nested within price updating based on excess demand functions in each
of three markets: bank loans, direct loans, and deposits. In this section, I lay out the key steps
of the algorithm in detail. Note that the estimation of the model involves embedding the steps
outlined below within a standard SMM routine.

1. Fix the set of parameters in Table 2. Create grids for bank loans (`B ), bank monitoring (mB ),
and household direct lending.

2. Compute the value of firms’ outside option, VO (kF ), according to (7).
3. Make an initial guess of the price vector, q 0 .
4. Taking these prices as given,
(a) use the loan size optimality condition (8) to compute the size of the loan demanded by
firms, b∗i , for i ∈ {B, H}.

(b) Solve the bank problem, taking b∗B as given:
i. For each pair of points on the grids for `B and mB ,
A. Use the bank budget constraint in (11) and current prices to compute the
amount of deposits the bank must take in to implement this policy, dB (`B , mB ).38
B. Compute the total value associated with each choice using the objective function in (11).

ii. Find the maximal value and the associated optimal policies, `∗B , m∗B , and d∗B =
dB (`∗B , m∗B ).

(c) Solve the household problem, taking b∗H as given:
i. For each possible choice of `H ,
38

In principle, the bank may want to take in no deposits and even lend less than its own internal
capital, kB . I allow for this in the algorithm by allowing the bank to invest in the storage technology
if lending is sufficiently unfavorable. Generically, this case does not arise.
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A. Use the household budget constraint in (15) and current prices to compute the
amount of deposits the household will supply at this policy, dH (`H ).39
B. Compute the total value associated with each choice using the objective function in (15).

ii. Find the maximal value and the associated optimal policies, `∗H and d∗H = dH (`∗H ).
(d) Compute firm values from each type of lender, Vi (kF ), according to (7), taking mB as
given for VB . Then, use (10) to compute the shares choosing each lender, Li (k).

5. Compute the excess demand function associated with the current prices, Z(q 0 ) from (38).
6. If the convergence metric sup{|zB (q 0 )|, |zH (q 0 )|, |z(q 0 )|} is within the tolerance defined at the
outset, an equilibrium has been found. Go to step 9. Otherwise, proceed to steps 7 and 8.

7. Update prices according to:
 

0 + ν (q 0 − ν z (q 0 ))
1
(1 − ν1 )qB
qB
1 B
2 B
1  =  (1 − ν )q 0 + ν (q 0 − ν z (q 0 ))  ,
q 1 =  qH
2 H
1 H
1 H
(1 − ν1 )q 0 + ν1 (q 0 − ν2 z(q 0 ))
q1


where ν1 and ν2 are parameters which govern the speed and smoothness of convergence.
Both parameters decline deterministically from iteration to iteration, so that prices adjust
more in early iterations and less in later iterations as the algorithm gets closer and closer to
convergence.

8. Set q 0 = q 1 and go back to step 4.
9. Use the equilibrium prices and quantities to compute desired model moments.

39

If q = 1, the household is indifferent between deposits and the storage technology. In this
case, the algorithm reflects this indifference via an updated market clearing, requiring only that
dH + aH ≥ dB . If q < 1, storage is strictly dominated.
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