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Abstract

The paper propose a rich yet tractable equilibrium model of bank behavior. Banks dif-

fer in their abilities which affect their productivities, and their bankruptcy risks. Each

bank takes decisions regarding its portfolio choice (high risk or low risk), its equity ra-

tio, and its size. Higher-ability (lower-ability) banks sort themselves into high-risk (low

risk) projects; bank size and profits increase in ability. We establish that for uniform

(exogenous) equity holdings, regulatory capital requirements have an ambiguous effect

on the likelihood of bank default: while higher equity serves as a buffer to avoid insol-

vency, regulation may induce a switch in bank strategy towards a high risk portfolio.

Endogenizing the choice of equity holdings, we show that high risk portfolios may be

associated with smaller equity ratios. Moreover, moderate capital requirements may be

optimal because they become binding only for banks which hold risky assets.
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1 Introduction

One core response of policy makers to the 2007/08 financial crisis was to increase the

equity requirements for banking sectors around the world. In particular, the interna-

tional Basel III capital standards have increased the ratio of common equity (Tier 1

capital) to risk-weighted assets to 7 percent. At the same time a leverage ratio was

introduced that requires equity capital to be at least 3% of a bank’s unweighted assets.

As a further response to the financial crisis, many countries have imposed taxes or

levies on banks’ liabilities other than equity capital.

The basic purpose of both tighter regulation and taxes on banks’ debt is to reduce risk-

taking in the banking sector.1 The existing theoretical literature has shown that both

of these instruments counteract the presence of moral hazard in the banking sector

and curb risky behaviour (Rochet, 1992; Hellman et al., 2000; Repullo, 2004). The

empirical evidence for the recent set of bank levies is less clear-cut, however. Devereux,

Johannesen and Vella (2019) study the effects of bank levies imposed by 14 European

Union member states over the period 2009-2012. They find that banks have responded

to the higher capital requirements by increasing their reliance on equity funding, but

at the same time have increased the riskiness of their asset holdings. According to their

study, any reduction in total risk is concentrated among banks that pose little or no

threat to financial stability.

In this paper we model banks’ responses to capital requirements in a detailed way.

We consider a banking sector with heterogeneous banks that have different abilities

to carry out risky projects. Each bank has three choices. It chooses the size of its

operations, with more able banks being larger in equilibrium.2 Moreover, each bank

can choose to engage either in high-risk, high-return projects, or in low-risk and low-

return projects. In equilibrium, higher-ability banks sort into undertaking the more

risky projects. Finally, banks endogenously choose their equity capital, which may

exceed the minimum capital standards set by regulators.3 In our model, the trade-off

for each bank is that a higher equity ratio increases the costs of financing, but at the

1See Efing et al. (2015) for an account of banks’ risk-taking in the period prior to the financial

crisis, and the role of manager compensation in this process.
2This corresponds to the empirical evidence. See Buch et al. (2011) for the case of German banks.
3Empirical evidence that banks hold capital above the required minimum arises from the capital

buildup in the 1990s that was not initiated by tighter capital regulation. In the early 2000s, this led

to capital holdings that were 75% in excess of the regulatory minimum (Flannery and Rangan, 2008).
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same time reduces the likelihood of bank insolvency and the associated costs.

Our main result is that higher capital requirements may have undesirable side effects

by inducing banks to switch from low-risk to high-risk projects. This occurs because

the higher capital buffer changes the trade-off between the different risk portfolios from

the bank’s perspective. A switch to a high-risk portfolio is more likely when the bank’s

default costs are high, or when the perceived ex-ante likelihood of insolvency is small.4

The existing literature has typically modelled risk-taking as a continuous monitoring

choice of banks (see e.g. Dell’Ariccia and Marquez, 2006; Allen et al. 2011). In such a

setting both a higher capital ratio and a higher cost of debt unambiguously increase

monitoring, and hence reduce the bank’s risk of default. Instead, we model a discrete

project choice and show that an increase in capital requirements will cause a discrete

switch for a subset of the heterogeneous banks.

Only a few papers in the literature incorporate bank heterogeneity. Morrison and White

(2005) set up a model where the regulator uses both screening and capital requirements

to address simultaneous moral hazard and adverse selection problems. Capital require-

ments improve the quality of the surviving banks in their framework, and hence the

average loan quality. Similar results are obtained in Kopecky and VanHoose (2006).

Finally, very few papers have endogenized the capital decision of firms. In Allen et al.

(2011), an argument for voluntary equity holdings is introduced by an endogenous risk

premium of debt finance, which is reduced by higher equity holdings. In our model,

the argument for higher capital holdings is instead a reduced likelihood of bankruptcy.

Acharya (2003) models a trade-off that is similar to ours, in principle. He uses a dy-

namic setup in which the charter value of the bank can be endogenously derived, but

which is too complex to derive general equilibrium results in the presence of bank

heterogeneity, as we do in this paper.

The paper continues as follows. Section 2 describes the setup of our model. Section 3

carries out the analysis of banks’ choices. Section 4 analyzes the effects of regulation on

the banking equilibrium. Section 5 considers various extensions and Section 6 concludes.

4A binding capital requirement regulates the ratio of equity capital to risk-weighted assets. How-

ever, there is empirical evidence that banks shift to riskier portfolios within the same asset class, so

that the increased risk remains undetected by regulatory capital ratios (Duchin and Sosyura, 2014).

INTERNAL NOTE: We could also change the price of debt (d) through a bank levy, as in Devereux,

Johannesen and Vella (2019). In this case, the exogenous policy change does not come from a binding

capital requirement.
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2 The model setup

We envision a banking industry in a small open economy that takes world prices as

given. The banking sector consists of heterogenous banks, distinguished by their ‘types’

or ability levels θ. Banks invest into ‘projects’, where the number of projects constitutes

a bank’s size. For concreteness, a bank’s type determines the likelihood of successfully

operating its projects. Each bank has access to two types of projects: a high-risk, high-

return project H and a low-risk, low-return project L. Banks of higher ability level

feature higher success rates whatever project type they choose. Banks and their man-

agers are risk-neutral, being concerned only with the expected profit of their projects.

An important feature of our model is that banks have an incentive to hold equity capital

in order to reduce the likelihood of bankruptcy and its associated cost. To incorporate

this motive, we assume that if a project ‘fails’, it still yields a (small) stochastic return,

but this may be so small that the bank becomes insolvent and has to declare default.

Whether default actually occurs in case of a project failure, depends not only on the

realization of returns, but also on the bank’s capital structure. Hence, a larger equity

ratio serves as a safety buffer to avoid bankruptcy. If the returns on a failed project

do not allow a bank to repay its outstanding debt, it incurs a default cost D. In our

benchmark analysis, this default loss is an exogenous reputational damage to the bank’s

management, and it is equal for all banks. In the extensions (Section 5), we endogenize

the default cost and interpret it as the loss in the bank’s charter value, which will differ

for the heterogeneous banks.

Given this basic framework, a bank of type θ is assumed to maximize its aggregate

profits Πi, choosing a project i ∈ {H,L}, its equity ration k, and the number of

projects Q:

Π(θ, i, k,Q) = πP (θ, i, k) Q− C(Q). (1)

In (1), the variable πP (·) denotes the bank’s per-project operating profits, which is

explained below. All projects are identical and their returns are perfectly correlated.

Therefore, total profits are obtained by scaling the per-project profits with the number

of projects Q, which we interpret as the bank’s size.5 C(Q) are the operating and

administrative costs per project. These costs are increasing and convex in Q, i.e.,

C ′(Q) > 0, C ′′(Q) ≥ 0, and we assume the Inada conditions to hold.

5In principle, banks could invest in a portfolio of projects with different risk-return profiles. How-

ever, this will in equilibrium not be the case in our simple model.
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The bank’s (expected) per-project operating profit πP (·) first depends on the bank’s

innate type or ‘ability’ θ. We consider a banking industry in which bank types are

independently distributed according to some continuous density function f(θ), on the

interval θ ∈ [θ, θ̄] with θ̄ > θ. Per-project profits also depend on two types of decisions

taken by each bank.

First, a bank can choose its capital structure. Specifically, and normalizing the invest-

ment costs per project to unity, k ∈ [0, 1] determines the bank’s equity ratio. For size

Q, kQ is thus the total amount of its equity. The remaining share of the bank’s financ-

ing, 1 − k, is covered by bank debt, which takes the form of savings deposits. In line

with actual practice in virtually all OECD countries, we assume that savings deposits

are insured by the government.6 For analytical simplicity, we further assume that the

coverage of deposit insurance is complete. This implies that depositors face no risk

and the deposit rate d equals the exogenously given world interest rate. In contrast,

the bank’s cost of equity is ρ > d, as bank owners face a loss of their equity if the

banks’ projects fail.7 Therefore, an increase in the equity ratio k will always increase

the bank’s cost of financing a given project. However, it will also increase the capital

buffer and therefore reduce the expected cost of default, as we will see below.

Secondly, each bank can also choose the riskiness of its projects. For simplicity, our

baseline model assumes that each bank faces a discrete choice between a high-risk-

high return project i = H, or a low-return, low-risk project L. Investing into a project

i = H,L yields one of two possible types of monetary returns: a successful outcome RS
i ,

and a ‘failed’ outcome RF (< RS
i ). All project returns are exogenous, being determined

in the large world market. Project H generates a larger expected per-project return

in case of success; hence, RS
H > RS

L. In contrast, failed projects generate identical

stochastic returns, regardless of the bank’s risk portfolio. The return RF is drawn from

a continuous distribution g(RF ) defined on the [0, R̄F
max] interval, where the return

generated by a ‘failed’ project falls below its investment cost with positive or even full

probability. This definition of project returns allows for a simple representation of the

probability of default, as we will see below.

6See Barth et al. (2006) for an overview of deposit insurance schemes around the world. The main

reason for deposit insurance is that it prevents bank runs and thereby stabilizes the banking system

(Diamond and Dybvig, 1983).
7Fixing the cost of equity at an exogenous rate above the cost of savings deposits is a standard

assumption in the literature (e.g. Dell’ Ariccia and Marquez, 2006; Allen, Carletti and Marquez, 2011).
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For project i, these outcomes are realized with probabilities pi(θ) for successful returns,

and with probabilities 1 − pi(θ) in case of failure. A trade-off for each bank’s project

choice results from the fact that project L has the large success probability for any

given type θ; hence pL(θ) > pH(θ). Since a larger θ represents a more productive

bank, probabilities pi(θ) are increasing in θ for each project i = H,L. Finally, we let

p′H(θ) ≥ p′L(θ) so that a change in ability θ changes the success probability of the H

project, at least as much as it changes the probability of the L project. Hence, in case

of project success, an increase in θ yields a stronger boost in gross returns, when the

bank chooses an H project.

For each project i ∈ {H,L}, the net return in state j ∈ {S, F} is given by the gross

return Rj
i minus the repayments to depositors and equity holders. This net return thus

equals Rj
i − (1 − k)d − kρ, provided that the bank is able to pay its debtholders. If

the bank’s project fails, though, the bank may be unable to repay its debt (1− k)dQ.

In this case, insolvency occurs and the bank defaults. The government then steps in

to pay out the bank’s debtors, but the bank suffers a fixed per-project loss of D ≥ 0,

which we interpret as the reputational damage to its top management. Note that D is

a per-project loss. A bank’s total default costs are given by DQ, and hence are rising

in proportion to the bank’s size.

When a project fails (j = F ), whether the bank actually defaults will depend on the

realization of the return RF in the bad state, as well as on the bank’s equity holdings

of k per project. Specifically, a bank becomes insolvent when the realized return RF is

insufficient to repay the debtholders, i.e., RF < R̄F ≡ (1 − k)d. The threshold return

R̄F that is required to avoid default is thus decreasing in the bank’s capital ratio k.

This reflects the buffer function of equity capital in our model: a higher k narrows the

set of stochastic returns RF , for which the bank becomes insolvent.

Let q(k) ∈ [0, 1], with q′(k) > 0, denote the probability that the bank can pay out

its debtholders and therefore ‘survives’, even under the bad project outcome j = F ,

whereas 1 − q is the probability of default. Figure 1 illustrates the bank’s probability

of default 1− q, conditional on the outcome j = F , for a specific distribution function

g(RF ) = aRF , with RF ∈ [0, RF
max]. In Figure 1, a higher equity level k will shift the

threshold value R̄F to the left and thus reduces the area (1 − q) which depicts the

bank’s probability of default.

We are now ready to define expected per-project profits πPi (θ). Denoting by R̂F (k) the
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Figure 1: Distribution of returns RF and the bank’s default probability

6

-

RF
max

R̄F (k)

f(RF )

1− q

q

expected return of the bank for j = F , conditional on avoiding default, these are:

πPi (·) = pi(θ)[R
S
i − (1− k)d− ρk]

+ [1− pi(θ)]{q(k)[R̂F (k)− (1− k)d− ρk]− [1− q(k)](ρk +D)}.

The first line in this expression gives the expected return when the project is successful

(j = S), whereas the second line is the expected return when the project fails (j = F ).

In the second line, the first term in the curly bracket is the expected return when

the bank is able to avoid default, whereas the second term gives the loss in case of

default. Notice that in case of insolvency, the bank uses any positive gross return RF

to repay its debt obligations. Hence its own return, net of the repayment of debt, is

zero regardless of the realization of gross returns RF .8 Hence, from the bank’s point

of view, repayments to depositors matter only as long as the bank remains solvent. In

contrast, the bank’s equity holders are residual claimants and the cost of equity ρk can

be seen as the opportunity cost of equity capital. These costs arise regardless of the

project outcomes, and regardless of whether default occurs or not. We can therefore

rewrite πPi as as

πPi (·) = pi(θ)[R
S
i − (1− k)d] + [1− pi(θ)]Y F − ρk, (2)

8In contrast, depositors benefit from a larger RF in case of the bank’s insolvency, because the bank

better meets its obligations to them.
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where Y F is the expected return under project failure, which is negative:

Y F (k) ≡ q(k)[R̂F (k)− (1− k)d]− [1− q(k)]D < 0. (3)

Substituting the per-project profits πP from (2) into the aggregate profit equation (1)

completes the bank’s objective function.

Our model incorporates governments that impose minimum capital standards k. This

regulation is motivated by the government’s deposit insurance scheme, which is well-

known to create a fundamental moral hazard incentive for banks in the direction of

excessive risk-taking (see Demirgüç-Kunt and Detriagiache, 2002). Whether the regu-

lates capital standard is binding or not for any particular bank will depend on whether

the bank’s own equity choice k is above or below the minimum capital ratio k. Our

model can thus be summarized in the following stages:9

Stage 0: Banking authorities impose a regulatory framework, in the form of capital

requirements k.

Stage 1: Each bank θ chooses its optimal equity ratio k ∈ [0, 1]. The resulting equi-

librium capital ratio of the bank is k∗ = min{k, k}.

Stage 2: Each bank chooses its project type i ∈ [H,L] and the number of projects Q,

as a function of its type θ and the equilibrium capital ratio k∗.

Stage 3: For each project, gross returns Rj
i ∈ {RS

i , R
F} with i = H,L and j = S, F

materialize, where the index j indicates project success (j = S) or project failure

(j = F ). When j = S, the bank repays its debtholders at the rate d > 1. When

j = F , the bank stays solvent with the conditional probability q(k), and still

repays its debtholders. With the conditional probability (1−q) the bank defaults

and incurs default costs of D > 0 per project.

In the following we solve the game by backward induction.

9With no change in results, we could alternatively assume that banks take the entirety of their

decisions at the same time. Presenting decisions in sequential form has the advantage that the analysis

of Stage 2 can be carried out irrespective of whether the capital ratio k is determined by the regulator

(in Stage 0), or by the bank itself (in Stage 1).
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3 Banks’ choices

3.1 Bank size and project choice

We start in Stage 2 by considering a bank of type θ whose equity ratio k ≤ 1 has already

been determined either in Stage 1 or in Stage 2. This bank chooses its project i = H,L

and its size Q to maximize its profits Π(i, Q; θ, k). Specifically, the bank will choose

project i rather than project j 6= i if πPi ≥ πPj , and its optimal size Q∗ maximizes

Π(θ, k,Q) = max{πPH , πPL}Q− C(Q), (4)

Differentiating (4) with respect to Q, the bank’s optimal size is implicitly given by

C ′(Q∗) = πP , where πP = max{πPH , πPL}, as given in (2). Since C ′′(Q) > 0, optimal

bank size Q∗(πP ) increases in per-project profits πP , implying that more profitable

banks are also larger.

For our analysis of project choice, we define ∆πP ≡ πPH(θ) − πPL (θ) as the difference

in the expected returns to a high-risk project H, as compared to a low-risk project L.

Substituting from (2) gives

∆πP = pH [RS
H − (1− k)d]− pL[RS

L − (1− k)d]− (pH − pL)Y F (k), (5)

where Y F (k) < 0 is given in (3). Hence the last term in (5) is unambiguously negative,

as the expected loss in case of failure is portfolio-independent and the risky project has

the higher failure probability. This implies that the sum of the first two terms in (5),

which represents the payoff difference when projects are successful, must be positive,

if there is to be a real choice between the two projects.

To see how project choice varies with the bank type, we differentiate (5) with respect

to θ. This yields

d∆πP

dθ
= [RS

H − (1− k)d]
dpH
dθ
− [RS

L − (1− k)d]
dpL
dθ
−
[
dpH
dθ
− dpL

dθ

]
Y F > 0. (6)

This must be positive under our assumption that a better bank type θ increases the

success probability of a high-risk project by at least as much as that of a low-risk

project. In the benchmark case dpH/dθ = dpL/dθ, high-ability banks have more to gain

from the high-risk project in case of success, whereas the losses under project failure

are independent of both the project choice and the bank type. If dpH/dθ > dpL/dθ,

then a high-ability bank’s preference for the high-risk project is further strengthened by
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the fact that its high ability boosts the probability of success more under the high-risk

project. Hence, high-productivity banks tend to choose the risky project in our setting.

To allow for a non-trivial sorting of banks into different project types, we introduce:

Assumption 1: (Sorting)

∆πP (θ, k) < 0, ∆πP (θ̄, k) > 0 ∀ k ∈ [0, 1].

For any given capital ratio k that is equal across all banks, Assumption 1 ensures that

the lowest-ability bank will have higher expected profits under the low-risk strategy,

while the highest-ability bank will prefer the high-risk strategy. From the continuity of

∆πP in θ it then follows that there must be a threshold type θ̂ that is just indifferent

between the two projects. All banks with ability types below this threshold will then

choose project L, whereas banks with a θ above the threshold will choose project H.

We summarize our results in:

Proposition 1. (i) For a given and common equity ratio k, all banks of type θ ≤ θ̂

choose the low-risk project L, whereas banks with ability θ > θ̂ choose the high-risk

project H. (ii) Optimal bank size increases in ability θ, and H banks are larger than L

banks.

Lower-ability banks are thus smaller, choose low-risk projects, and obtain lower ex-

pected profits – both in per-project and in absolute terms – than higher-ability banks.

Note, however, that even though better banks pursue more risky projects, default

probabilities do not necessarily increase in bank size, as they are shaped by two coun-

tervailing forces. While the more risky portfolio choices of higher-type banks raises the

likelihood of insolvency, their superior skills make a failure outcome less likely.

3.2 Choice of equity capital

We now let a bank of type θ choose its optimal equity ratio, along with its project

choice i = H,L and its size Q∗. With endogenous k, a bank selects project i = H,L if

and only if πPi (k∗i , θ) > πPj (k∗j , θ), i 6= j, where k∗i (k
∗
j ) are the profit maximizing equity

ratios for project i(j).

For each project type, the optimal equity choice k∗i maximizes πPi . Appendix 1 derives

the first-order condition for an interior solution k∗i > 0 as

dπPi (·)
dk

= {d[1− (1− pi)(1− q)]− ρ}+ (1− pi)
dq

dk
D = 0. (7)
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Equation (7)introduces two effects that are of central importance for our ensuing anal-

ysis. The first term in a financing cost effect: it captures by how much a higher equity

ratio increases the bank’s cost of financing a given project. This effect is always neg-

ative: equity is not only more costly than deposits (ρ ≥ d), but the bank repays its

deposits only as long as it remains solvent. Since an increase in k raises the bank’s

probability of remaining solvent, it also increases the probability that the bank will

pay out its depositors. The second term in (7) is positive, however, and it represents

the buffer effect of increased equity financing. A larger equity ratio reduces the likeli-

hood of default and therefore helps to avoid default costs D. This buffer effect becomes

larger when the bank’s private default costs D increase, or when a higher k substan-

tially increases the chances of the bank’s survival under project failure (i.e. when dq/dk

is large).

The second-order condition for an interior optimum is

d2πPi (·)
dk2

= (1− pi)
dq

dk
+
d2q

dk2
D < 0. (8)

Since the first term in (8) is positive, the second-order condition can be fulfilled only

if d2q/dk2 is negative, that is, if a marginal increase in k increases the survival rate q

at a decreasing rate. This condition is satisfied for given k if, at the threshold return

R̄F = (1−k)d, the density function f(RF ) has positive slope, as shown in the example of

Figure 1. If this condition is not fulfilled, for example because the distribution function

f(RF ) is uniform, then the bank’s optimal capital choice k∗ will be a corner solution.

In the following we assume that the second-order condition (8) is indeed meet, and an

interior optimum for the bank’s equity capital exists. To examine how optimal equity

choices evolve in bank type θ, we derive (using the envelope theorem):

d2πPi (·)
dki dθ

=
dpi
dθ

{
(1− q)d− dq

dk
D

}
. (9)

Eq. (9) shows two counteracting effects which determine whether high-ability banks

choose higher or lower capital ratios than banks with a lower θ. The first term in the

curly bracket is a differential financing cost effect: it is positive because high-ability

banks face a lower risk of default for any given project i, and are more likely to pay out

their depositors in full. Therefore, they face a lower increase in their effective financing

costs when they increase the equity ratio. The second effect in the curly bracket is a

differential buffer effect: the benefits of a larger equity buffer have a lower value for

high-ability banks, as these have have a lower probability of failure for any project they
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choose. Therefore, when the buffer effect of a higher equity ratio is strong, relative to

the financing cost effect, then the low-ability types will choose the higher equity ratios

in equilibrium. In contrast, a dominant financing cost effect will imply that high-θ

banks are better capitalized in their financial optimum.

In an interior optimum for a bank’s optimal capital choice, we can insert (7) into (9).

This gives
d2πPi
dki dθ

∣∣∣∣
k∗i

= −dpi
dθ

(ρ− d)

(1− pi)
< 0. (10)

Hence, with an interior optimum k∗, higher-ability banks will chose lower capital ratios

than low-ability banks. The reason for this is straightforward. For any project type i,

a high-θ bank has a higher success probability than a low-θ bank. The higher success

probability implies that the high-θ bank has less need for a capital buffer, and this

lower capital buffer effect dominates the differential financing cost effect.

Next, we investigate how optimal equity ratios depend on the project choice. Per-

project profits πPi are strictly concave in ki for i = H,L, if the second-order condi-

tion (8) is fulfilled. As a consequence, we can compare dπPH/dk and dπPL/dk to infer

which project is associated with the higher equity ratio. Using the definition of ∆πP

in (5) along with (7), this gives10

d∆πP

dk
= (pH − pL)

[
(1− q)d− dq

dk
D

]{
> 0 if k∗H(θ) > k∗L(θ)

< 0 if k∗H(θ) < k∗L(θ)
(11)

The inequality (11) once again compares the relative strengths of the financing cost

and the buffer effects. Since pH < pL a positive sign of the inequality implies that the

buffer effect dominates the financing effect. In this case, and intuitively, a bank of type

θ chooses a higher equity ratio when it chooses the high-risk project. Conversely, if the

financing effect dominates, then the low-risk project L will be better capitalized in the

bank’s optimum.

If k∗ is optimally chosen and interior, we can again insert (7) into (11) to get

d∆πP

dk

∣∣∣∣
k∗i

= −(pH − pL)
(ρ− d)

(1− pi)
> 0. (12)

From (11) this implies that an H project will be accompanied by a higher capital ratio

k∗ as compared to an L project, for any given bank type θ. Intuitively, as H projects

10For interior optima k∗i > 0, dπP
i /dk = 0 holds at k = k∗i . Since πP

i (k, ·) is concave, dπP
H(k∗H , ·)/dk =

0 > dπP
L (k∗H , ·) implies k∗H > k∗L, and analogously for the reverse inequality.
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Figure 2: Optimal capital choices as a function of bank type θ
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θ

k

θ̂

k∗H

k∗L

carry a higher probability of failure, the capital buffer effect is stronger as compared to

an L project, and this difference dominates the difference in the financing cost effects.

We can now fully characterize banks’ choices when the capital ratio k∗ is at an interior

optimum. This is summarized in:

Proposition 2. Suppose condition (8) is fulfilled. Then: (i) for any given project

choice i, a high-θ bank chooses a lower level of equity capital k∗i , as compared to a

low-θ bank; and (ii) for any given bank type θ, a more risky project H is accompanied

by a higher equity ratio k∗, as compared to a low-risk project L.

Proposition 2 states that when banks face a sizable cost of bankruptcy D, they will

find it in their own self-interest to hold equity capital, despite the higher financing

costs that equity capital entails. Larger equity buffers are more important for less able

banks, which have a higher probability of failure, or for banks that choose more risky

projects.

The results in Proposition 2 are consistent with empirical evidence. Rime (2001, Ta-

ble 1), for example, shows that large Swiss banks held substantially less excess capital

beyond the minimum requirement during the 1990s, as compared to smaller regional

and cantonal banks. (FURTHER EVIDENCE?)
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The results summarized in Propositions 1 and 2 are graphically shown in Figure 2. In

equilibrium, banks of a low type θ will choose the low-risk project L. As θ continuously

increases, the optimal capital ratio k∗ will continuously fall until the threshold ability

θ̂ is reached. At θ̂ banks switch to the high-risk project H and the optimal capital ratio

exhibits an upward jump. For θ > θ̂, project choice remains unchanged at H, and the

optimal capital ratio falls again.

4 Capital regulation

4.1 Capital regulation binding for all banks

Let us now consider a situation in which government imposes a binding capital require-

ment k̄ on banks. We examine the effects of this regulation on portfolio choice and bank

size.11 A requirement k̄ > k affects bank financing costs, and it serves as a buffer to re-

duce the probability of default. Formally, a change in k changes the per-project profits

for i = H,L at a rate

dPi(·)
dk

= [pi + (1− pi)q)d− ρ] + (1− pi)[q′(R̂F (k) +D) + qR̂′F (k)] (13)

The first term captures the effect of larger equity on financing costs. This effect is

always negative: equity is not only more costly than deposits (ρ ≥ d), but the bank

repays its deposits only as long as it remains solvent. The second term comprises terms

which represent the ’buffer effect’ of increased equity financing. A larger equity ratio

reduces the likelihood of default. It therefore helps avoiding default costs D, and it

allows the bank to reap some modest profits when it remains solvent. Finally, these

expected ’failure’ profits fall in k because RF is now drawn from a distribution that

includes lower outcomes.

From the bank’s point of view, the financing cost effect works against the use of equity,

while the buffer effect ca make equity appealing. The Appendix shows that regardless

of functional forms, () can be simplified to

dPi(·)
dk

= [pi + (1− pi)q)d− ρ] + (1− pi)q′D. (14)

11Note that any regulatory capital requirement that exceeds a bank profit-maximizing level, neces-

sarily reduces bank profits by revealed preference. The validity of our subsequent discussion does not

depend on the ’start’ level of k.
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The simplified derivative shows that, the buffer effect always boils down to be associated

with the default costs D of bankruptcy, and is always positive.12

Consider now a bank with given equity k and portfolio choice i = H,L, and suppose

the regulator tightens capital requirements to k̄. Intuition may suggest that because of

the buffer effect, the equity boost may unambiguously lower the danger of insolvency.

Crucially, though, this argument ignores the important fact that a higher k may change

a bank’s optimal portfolio choice. To investigate this issue, reconsider the profit wedge

∆P = PH(k, θ) − PL(k, θ) between the H and the L portfolio, as already established

in () above. The derivative is

d∆P (k, θ)

dk
= (pH − pL)[(1− q)d− q′D]. (15)

This expression conveys an interesting finding. The imposition of a (new, or tighter)

capital requirement raises the relative attractiveness of the low-risk portfolio only if the

likelihood of insolvency 1− q is high, or if default costs D are sufficiently low.13 Con-

versely, the bank finds the high risk portfolio more enticing under the same regulation,

if D is sufficiently large, and if the bankruptcy risk is moderate.14 As a consequence,

and since ∆P increases in θ, the threshold type θ̃ falls in k whenever ∆P increases in

k. Using this insight, we can state

Proposition 3. A raise in equity from k to k̄ increases the attractiveness of the high

risk portfolio for any bank (θ, k) whenever

(1− q)d− q′D < 0, (∗)

and causes an (interior) θ̃ to fall. Hence, banks of type smaller yet sufficiently close to

the original threshold will switch towards H. The opposite effect arises if (∗) does not

hold.

The result unveils a potential fallacy of capital requirements. Those requirements are

imposed by governments as a response to the risk of bank defaults, and their associ-

ated negative externalities for taxpayers, depositors, and the economy at large. Larger

12In particular, and regardless of distribution functions, the additional effects q′(R̂F (k) + qR̂′F (k)

completely balance each other out.
13Of course, the change in survival probability q′(k) is always positive.
14The same is true if q′(k) is sufficiently large. Intuitively, if k increases so that the threshold failure

return R̄F = (1 − k)d needed for bank survival of the bank falls, the likelihood q(k) of outcomes

R > R̄F increases.
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capital creates a buffer that makes default less likely because the bank reduces its

exposure to external debitors. Our result points to the existence of an adverse effect:

the increased buffer generated from larger equity changes bank behavior regarding its

portfolio choice, and in particular, may induce a bank to switch from a low-risk to

a high risk strategy. Moreover, when default costs are large or the perceived ex-ante

likelihood of insolvency is small, this response is likely.

The role of the default costs D deserves special attention in this respect. A larger D

per se always reduces the attractiveness of the high risk strategy for given k, simply

because a H portfolio causes a larger incidence of default and its associated costs.

However, as we see, an increase in k for given D can have the opposite effect. One may

infer that increasing D (for example, by sharpening bankruptcy related penalties in

the criminal code) and capital requirements, should be seen as substitutes rather than

complements from the regulator’s point of view.

The result of Proposition 2 shows that in many plausible situations – the absolute

default risk is being perceived as low, or the bank’s default costs D are high – a tighter

capital requirement induces a bank to adjust its portfolio into more dangerous territory.

This may also suggest that a fortiori, the increase in equity from k to k̄ may increase

rather than decrease the likelihood of bankruptcy. This is in fact the case for banks

which switch to the H portfolio after the requirement is introduced, and if

(1− pH)(1− q(k̄) > (1− pL)(1− q(k). (16)

In words, capital requirements increase the bankruptcy risk for banks of some types if

(*) holds, and if the lower success probability induced by the portfolio switch towards

H, dominates the increased survival probability q that results from an increase in

equity. This condition tends to hold more more often if the distance pL − pH > 0 is

wide, or for distributions functions (of RF ) for which the effect of k on the default

probability is small in the relevant range.15

Our discussion so far has considered a bank’s equity endowment as exogenous – either

because it cannot be adjusted in the short term, or because capital requirements of

all banks have been subject to regulation by the government.16 The next Section will

15This latter condition means that q′(k) is small. Interestingly, a small q′ reduces a bank’s relative

benefit of the H portfolio, so that the overall effect of increasing q′ regarding a bank’s default proba-

bility for endogenous portfolio choice is uncertain. However, we know that even as q′ becomes small,

there always exist bankruptcy costs D which satisfy condition (∗).
16For the purpose of our discussion so far, it also did not matter whether these exogenous equity
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endogenize the bank’s equity choice. We will explore in which way the optimal choice

k∗ depends on a bank’s type θ, and in which way equity choice and portfolio selection

interact.

4.2 Banking equilibrium and capital regulation

We can now generalize our previous finding on bank sorting to a scenario in which equity

ratios k are not exogenously given, but optimally chosen by each bank. Remember the

definitions

Ai(k) ≡ RH
S − (1− k)d, B(k) ≡ q(R̂F − (1− k)d)− (1− q)D < 0,

and consider first the least able bank type θ. By Assumption (S), pL(θ)AL > pH(θ)AH

which along with B(k) < 0 and pL > pH , for k = k∗H(θ) implies PL(θ, k = k∗H(θ)) >

PH(θ, k = k∗H(θ)). Since k∗L(θ) maximizes PL(k, θ), it follows that PL(k∗L(θ), θ) >

PH(θ, k∗H(θ), θ) so that when the equity ratio is optimally adjusted to portfolio type, the

least able type of bank continues to prefer a low-risk portfolio strategy. Consider now

the most able banks. For θ = θ̄, our previous assumptions guarantee PH(θ̄, k) > PL(θ̄, k)

for any k. Hence, PH(θ̄, k = k∗L(θ̄)) > PL(θ̄, k = k∗L(θ̄)) and since k∗H(θ̄) maximizes

PH(θ̄, k), we have PH(θ̄, k = k∗H(θ̄)) > PL(θ̄, k = k∗L(θ̄)).

These arguments show that even with endogenous equity ratios are chosen endoge-

nously, the lowest-type bank prefers the low-risk project, whereas the best bank will

pursue a high risk strategy. Continuity of P (k∗i , θ) in θ then ensures existence of some

interior bank type θ̂, which is indifferent between those two portfolios.17

Along with these sorting results, Proposition 3 above allows us to group potential

equilibria in the banking industry, into only two different possible scenarios. We will

discuss these cases in turn.

Scenario 1: k∗H(θ) > k∗L(θ) and dk∗i /dθ < 0, i = H,L.

In this scenario, default costs D are so high that in order to insure themselves against

the default risk, a bank opts for a larger equity buffer when it adopts the H portfolio.

ratio were below, or above (as most plausible in case of regulation), the profit maximizing level.
17While in general there may be several indifferent bank types θ̂, our discussion below will assume

uniqueness for convenience. A sufficient condition for this is dPH(k∗H , θ)/dθ ≥ dPL(k∗L, θ)/dθ > 0 for

all θ. Notice that all of our qualitative results do not require uniqueness of the threshold type.
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Figure 3: Capital choice and capital regulation in Regime 1
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This insurance becomes less important when the bank’s ability increases, so that k∗i

falls in θ. Figure 2 below illustrates the banking equilibrium for Scenario 1.

Because of endogenous sorting, there exists an interior threshold type of bank θ̂ such

that all banks of lower type choose the less risky portfolio, whereas all higher types

adopt a high risk strategy. The equity ratios in this unregulated industry decrease in

bank type, while bank size increases in type because Q∗ increases in per-project profits

P , which in turn increase in θ by revealed preference. Notice further that the indifferent

bank θ̂, earns the same per-project profits (and therefore has the same size) regardless

of the choice of its risk profile. Since profits are continuous in ability θ, observed bank

sizes are therefore continuous everywhere, even at the threshold type θ̂. Taking a look at

endogenous equity ratios, k∗(θ) falls in bank type θ. However, in contrast to bank size,

there is no smooth relationship between θ and k∗: withe k∗H(θ) > k∗L(θ) in Scenario

1, equity ratios jump upwards at the threshold type θ̂, because k∗H(θ̂) > k∗L(θ̂) for

the threshold type. The overall picture that emerges is one in which more able banks

are larger and pursue more risky strategies. While medium-size banks with high risk

portfolios are well capitalized, the same cannot be said about the largest banks in the

industry, who may present a high risk of insolvency.

Scenario 2: k∗L(θ) > k∗H(θ) and dk∗i /dθ > 0.
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Figure 4: Capital choice and capital regulation in Regime 2
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This Scenario reverses the previous characteristics. If default costs D are sufficiently

low, the bank’s optimal equity ratio increases in its ability, but falls when the bank

opts for the risky portfolio.18 Our previous findings regarding the sorting of banks into

portfolio types continue to apply so that low-ability banks adopt the low-risk strategy,

and high ability banks the high risk strategy. The banking equilibrium in Scenario 2 is

illustrated in Figure 3.

In contrast to scenario 1, the most able - and therefore largest - banks hold the most

sizable equity buffers, among all banks who pursue high risk strategies. Intermediate

size banks with high risk portfolios, as well as the smallest and least able banks, may

now carry the largest insolvency risks. We can summarize our previous results in

Proposition 4. In banking equilibrium, bank size Q∗ increases in ability θ. There exists

an interior threshold bank θ̂ such that all banks of type θ ≤ θ̂ adopt the L portfolio

strategy, while all banks θ ≥ θ̂ adopt the H strategy. Moreover, and with interior equity

ratios,

(1) In scenario 1 (default costs are large), equilibrium equity ratios k∗(θ) monotoni-

18Notice that this is true only if k∗i is interior, which may not be the case for D small. In this latter

case, the equilibrium may feature a corner solution regarding equity choice, in which all banks (or at

least, a subset of low-ability and/or high-risk portfolio banks, hold minimum equity levels k.
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cally decrease in θ, with an upwards jump at θ̂;

(2) In Scenario 2 (default costs are small), equilibrium equity ratios k∗(θ) increase

in θ, but fall discontinuously at θ̂.

Our results also allow us to provide an assessment of bank risk for heterogenous-type

banks, for the two alternative scenarios. In Scenario 1, less able banks choose the low-

risk portfolio strategy, but their equity buffers are relatively small. For higher ability

banks, the overall risk assessment is ambiguous because the likelihood of default is

shaped by several conflicting forces: while on the one-hand, those banks choose high-

risk portfolios, their credentials increase the likelihood of success and therefore, reduce

the danger of failure. While the intermediate-sized banks of this range have substantial

equity buffers, the largest banks my choose dangerously small levels of equity. For this

reason, among the subset of banks with high-risk portfolios, those large banks may

exhibit the largest overall default risk (1− pH)(1− q(k∗).

These qualitative characteristics change in Scenario 2. Most importantly, equity buffers

now increase in bank type which makes higher-quality banks with high-risk portfolios

more save. Unambiguously, the most able (and therefore, the largest and most prof-

itable) banks have the lowest insolvency risk among those banks, who choose high-risk

strategies. Unfortunately, though, equity levels are ceteris paribus lower for high-risk

portfolio banks, which creates a countervailing effect and puts intermediate-ability

banks at a disproportionate risk.

We should emphasize that some of these conclusions only apply to situations in which

the banks’ preferred equity ratios are interior. This is not the case if D is small, or if

q′′ ≥ 0 as would be the case for example, when returns RF are drawn from a uniform

distribution. If the unregulated banking industry features corner solutions with regard

to equity choices, the following fundamental tradeoff merges: while high-ability banks

have a smaller insolvency risk for given portfolio choice, they self-select into high-risk

portfolios. Since the opposite holds true for low-ability banks, an overall ranking of

default risks must remain elusive in a theoretical analysis.

Capital Requirements and Bank Heterogenity Our previous analysis of capital

requirements considered the increase in equity for a representative bank. Our findings

also shone light on situations in which existing capital regulation is already binding

for all banks, or in which banks choose minimum equity k in an unregulated banking
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equilibrium. For these situations, our results implied that a tightening of capital re-

quirements may induce all banks to abandon a low risk in favor of a high risk portfolio

strategy, and the dangers of insolvency may rise rather than fall. In this Section, and

after having established equilibrium in a banking industry comprised of heterogenous

types (and interior equity choices), we can study the consequences of the imposition of

capital requirements in greater detail.

Let us start with Scenario 1, that is a situation in which D large enough that condition

(**) applies. Consider uniform capital requirements, k̄, imposed on all banks in the

industry. Focusing on banks that pursue high-risk strategies, increasing requirements

k̄ first hit the highest ability banks, which are those with the smallest equity ratios

among this group. At the same time, the requirement may bind for intermediate sized

to the left of the threshold type, who originally hold low-risk portfolios. At some level

k̄ ∈ [k∗L(θ̂), k∗H(θ̂], low-risk banks banks in the vicinity of θ̂, will switch towards the

high-risk strategy, and the number of these banks increases as k̄ increases. Hence, a

raise in the capital requirement makes large, high ability, banks more save, but it may

make intermediate sized banks less save. An optimal response to this issue, may involve

targeted regulation, where capital requirements are imposed only on the largest bank

in the industry.

Instead, suppose that D is small (yet sufficiently large that optimal capital ratios k∗i

remain interior). In this case, equity requirements first bind for the least efficient banks,

and intermediate size banks with high-risk portfolios. The threshold type θ̂(k̄) will now

move to the right and therefore, in a direction where more intermediate type banks

choose low risk portfolios. Regulation unambiguously, makes the banking industry saver

in Scenario 2.

5 Extensions

5.1 Continuous portfolio choice

Suppose portfolios are described by a parameter r ∈ [r, r̄]. The success probability of

portfolio r is given as described as p(θ, r), and the successful gross return is RS(r). We

assume pr < 0, pθ > 0, prr ≤ 0, prθ ≤ 0, RS
r > 0 and RS

rr < 0. Moreover, in alignment

20



with the sorting assumption made in the previous Sections, we impose

p(θ, r)RS(r) > p(θ, r̄)RS(r) and p(θ̄, r)RS(r) < p(θ̄, r̄)RS(r). (S ′)

Assumption (S ′) ensures that the weakest bank does not prefer the highest-risk port-

folio, while the highest risk portfolio gives the strongest bank a higher gross return in

case of success, than the lowest-risk portfolio. We will also continue to assume that

p(r̄, θ̄)RS(θ̄) is sufficiently large that bank θ̄ prefers some higher-risk portfolio over r.

Consider the portfolio choice of bank θ. This bank chooses r to maximize

P (r, θ, k) = p(θ, r)A(r, k) + (1− p(θ, r))B(k). (17)

The first order condition yields

dP (θ, r)

dr
= pr(r, θ)[A(r, k)−B(k)] + p(r, θ)RS

r (r) (18)

where A(r, k) = RS(r) − (1 − k)d and B(k) = q[R̂F − (1 − k)d − (1 − q)D. Under

(S’) and with the proper second order and Inada type of conditions in place, r∗(θ, k)

is interior and unique.19 We also find that r∗(θ) increases in bank type because

d2P (θ, r)

dr dθ
= prθ[A−B] + pθR

S > 0. (19)

The riskiness of a bank’s portfolio increases in its ability. Finally, we can investigate

how the change of banks profits in portfolio type, evolves as its equity k increases. The

analysis yields
d2P (θ, r)

dr dk
= pr[Ak −Bk] = pr[(1− q)d− q′D], (20)

which is positive if and only if Condition (*) holds. Under this condition, each Bank

θ’s marginal return to risk increases in k. We can therefore state

Proposition 5. Consider a continuous portfolio choice, r ∈ [r, r̄]. For given k, the

riskiness of a bank’s chosen portfolio increases in its ability θ. Moreover, when Con-

dition (*) applies, each bank θ chooses a more risky portfolio when its equity ratio k

increases.

Under condition (*), each bank’s risk appetite r∗, increases when the bank holds more

equity, and each bank’s demand for equity increases in the riskiness of its portfolio.

19The second order condition Prr = prr[A(r, k)−B(k)]+2pr(r, θ)RS
r (r)+pRS

rr < 0 is always satisfied

under our assumptions. The Inada conditions which guarantee an interior optimum are RS
r → r =∞,

and RS
r → r̄ = 0.
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This implies that in a situation in which banks hold an exogenous amount of equity,

a tightening in capital requirements will then push each bank towards a less save

portfolio, and may potentially increase the bank’s overall default risk.

While the results of Proposition 5 extend our previous findings to a continuous number

of portfolio types, some features of banking equilibrium with endogenous capital ratios,

may not generalize. To start with, notice that under Condition (**), equilibrium equity

ratios k∗(r) again decrease in θ for given portfolios r. However, since r∗ decreases in

k and k∗ decreases in θ, we can not guarantee portfolio choices to be increasing in θ

anymore. Specifically, one can imagine a more able bank to hold a less risky portfolio

(and less equity), than a less able bank. While bank profitability and bank size continue

to increase in bank size in a smooth way, its portfolio and equity characteristics may

not be monotonic.

Example with uniform distribution, where things should work out fine?

5.2 Example? (perhaps, with uniform distribution function)

5.3 Role of D? What if D(θ)?

Increasing D cp makes 1) high risk strategy less attractive for given k, and 2) it triggers

larger equity ratios for given i. However: we know that larger k may make H more

attractive (Scenario 1). Examine further. Perhaps: larger D is substitute to larger k̄,

not complement.

If D increases in θ (charter value) high-theta banks will cp hold more equity. Counter-

vailing effect in Scenario 1.

Role of deposit insurance? Presence of deposit insurance reduces d which in turn,

reduces k∗i . Likely well known effect.

Effect of bailouts b? Same as reduction of D?

5.4 The big elephant: endogenizing ρ in banking equilibrium.

Not so easy, need to think.

Problem: even if all bank equity is pooled, the ρ required by capital owners usually

falls in k (ie aggregate demand) because banks become less risky. Hence, multiple
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eq possible: high k - low rho, or vice versa. (For example, if k = 1, q = 1 so that

bankruptcy risk is zero and ρ = d clears the market).

Conjecture: easy to generate an ’equilibrium’ notion in the banking industry by as-

suming that C(Q) – the administrative etc. costs of running projects Q – also depend

on total Q, say Q̄ in the industry. Similar to Ararya. If C ′(Q̄) increases in Q, eq. can

easily be defined.

5.5 Maximizing RoR instead of net returns

Results qualitatively the same?

6 Conclusion
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Appendix

Appendix 1: Derivation of equation (7)

Per-project profits are πPi = pi[R
S − (1− k)d] + (1− pi)ζ − kρ [cf. eq. (2)], where

ζ =

∫ 1

R̄F =(1−k)d

[RF − (1− k)d]f(RF )dRF .

Defining u = RF − (1− k)d and v′ = f(RF ) and using integration by parts, one has∫ 1

(1−k)d

[RF−(1−k)d]f(RF )dRF = uv|1(1−k)d−
∫ 1

(1−k)d

u′v = [(1−(1−k)d)]−
∫ 1

(1−k)d

F (RF )dRF .

Since
∫ (1−k)d

0
Df(RF )dRF = q′D, one obtains

ζ = [(1− (1− k)d)]−
∫ 1

(1−k)d

F (RF )dRF + q′D.

The derivative with respect to k yields dζ/dk = d− (1− q)d+ (dq/dk)D so that

dπPi
dk

= [pi + (1− pi)q]d− ρ+ (1− pi)
dq

dk
D. (A.1)

Rewriting the first term in (A.1) gives eq. (7) in the main text.
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