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Abstract

Is there an interaction between bank capital requirements and agency problems? To which exten
the assumption of perfectly aligned bank manager—shareholders harmless? To address these quest
we consider a bank in which both a regulator—bank conflict and a shareholders—manager agency prob
coexist. We analyze the effect of capital adequacy requirements on bank risk policy when managers ¢
shareholders have different information about the quality of the loan portfolio. Taking as given optime
regulation on capital requirements and deposit insurance, we show that the separation of ownership
control in banks leads to an excessive reduction in the banks’ loan portfolio risk (underinvestment) a
an increase in the managerial effort in loan supervision. We find, in fact, that only high-quality loan
are taken on by banks, and some profitable investments are bypassed. Additionally, we show how bx
debt and reserve requirements can help restore efficiency. Our results are related to the theoretical
empirical literature that deals with the effects of the Basle Accords on the banks’ credit policy.
© 2003 Board of Trustees of the University of lllinois. All rights reserved.
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The role of regulation of banks and financial institutions has been widely discussed in tf
finance literature. In a seminal papPramond and Dybvig (1983)ffer an explanation of de-
posit insurance that considered the real economic damages caused by the financial distres
a depository institution. However, if deposit insurance helps prevent bank runs on one side.
does encourage risk-taking by bank managers on the other siddéstas, 1977 among oth-
ers). Many authors addressed this issue concentrating on the potetetiadl agency problem
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between the regulator and the bank as a wh#éen represented by a perfectly aligned man-
ager). The general conclusion of all this stream of thought is that with information asymmetry
between managers and regulator, the effort level proffered by managers drives away from the
first best level and it is inefficief{see als@Gorton & Winton, 199%. Regulation is thus needed

to restore efficiency. Some have, therefore, suggested that a regulatory scheme constraining
the feasible set of investment choices and fund sources may partially solve such a problem.
In fact, it is said, a regulation scheme comprising deposit insurance and capital requifements
(and possibly forbearance systems) is able to enforce the socially optimal level of risk (see
Bensaid, Pages, & Rochet, 1993; Chan, Greenbaum, & Thakor, 1992; Dewatripont & Tirole,
1994; Rochet, 1991for the joint effect of deposit insurance plus capital requirements, and
Nagarajan & Sealey, 199%or an analysis of forbearance systems).

Although the conflict of interests between managers and shareholders is very much con-
sidered in corporate finance and the empirical resultsiboyhes and Mester (1994xplicitly
inform us that bank’s managers am@ maximizing shareholders value, implying the existence
of a relevaninternal agency problem, only recently scholars in banking considered alternative
explanations, and namely corporate control, to help explain bank risk beh@ardon and
Rosen (1995present a model of banking based on a conflict of interest between shareholders
and managers (internal agency problem). The main finding of the paper is that in an environ-
ment where managers enjoy private benefits of control, the aggregate risk-taking drives away
from the first best and may be excessive. Additionally, they find empirical support for their
hypotheses and show that corporate control rather than standard moral hazard considerations
were responsible for the risk-taking behavior in banking during the 1980s. Note, however,
that Gorton and Rosen focus their attention to an environment that igartlally regulated,
that is to an economy where deposit are insured and capital requirements are easily satis-
fied (this particular feature of the model allows them to neglect the regulator—bank conflict of
interests).

In this paper, we link the two layers of agency conflicts, namely the standard moral haz-
ard regulator—bank owners problem and the corporate control literature based on the conflict
between bank owners and managers. In particular, we shed some light on the effect of capital
requirements scheme on the risk and volume of the bank loan portfolio when managers’ actions
are not observable. Is there an interaction between capital requirements (or more generally, be-
tween regulation) and agency problems? Do capital requirements have an impact on the lending
and on the risk-taking activities of banks? How? To which extent is the assumption of perfectly
aligned managers—shareholders harmless? We believe that these are not just empirically rele-
vant matters. Recall in fact that much public policy draws from the empirical predictions of the
literature and we know how much bank regulation is important.

To address these questions, we consider a bank that is publicly owned in a two-period set-
ting. Bank managers choose the structure of the balance sheet, affecting the risk of insolvency
by the choice of the debt-to-equity ratio, and determine the quality of the loan book by ex-
erting effort. Two orders of countervailing incentives are considered in this paper. Firstly, the
regulator—shareholdeesternal agency problem, centered around the assumption that there are
some costs associated with financial distress that are borne by the society and not by share-
holders. Secondly, and more importantly, the shareholders—mamigyeal agency problem
arising in a framework where managers have to perform costly actions. When we analyze the
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case in which the only conflict of interest is between outsiders (bank-regulatdhedvak as
awhole (i.e., the interests of shareholders and bank managers are perfectly aligned), we she
in line with most part of the previous literature, that capital requirements help reduce the exce
risk-taking problem created by deposit insurance. Additionally, we are able to fully characteriz
the optimal capital adequacy scheme in a closed form solution and the optimal level of effort p
forth by the manager. Then, we introduce the other level of comflitin the firm. We assume
that effort is not observable, and therefore not contractible: shareholders can only induce t
management to choose the right action through the compensation package. To directly test if
assumption of perfectly aligned managers—shareholders is indeed irrelevant and not driving
results, we take as given thptimal regulation on capital requirements derived before, and we
solve once again the model. What we find is that the separation of ownership and control in t
banking industry can induce levels of risk that are suboptimally low when compared to thos
that would be chosen in an ideal framework (with no conflict of interest between managers al
shareholders), and therefore the internal agency problem must be acknowledged and cannc
passed by. The inefficiency arises because, with self-interested managers, banks will only t
on safe loans, and the risk level in the economy will be too low with respect to what would b
socially desirable. In other words, while it is possible to design a regulatory system with depos
insurance and capital requirements that provides the right incentives to achieve the optimal le
of risk in an economy with asymmetric information between the bank as a whole and the re:
ulator, the same scheme becomes suboptimal when it is applied to banks with internal ager
problems: managers will exert a high level of effort, some good loans will be passed by, and tl
bank will become too safe. This result can help understand the empirical findiGgsintiers,
Strock, and Travlos (1990 hey document in fact that “stockholder controlled” banks took
on more risk than their “managerial controlled” counterpart, implying that the second layer c
agency problems is important in explaining risk-taking behavior.

The model presented in this paper is also closely relateibbm, Saunders, and Senbet
(2000) Both papers investigate economies with self-interested managers. The fainlsnof
etal. (2000)s to derive a compensation package that could restore the Pareto-optimal investme
policy, even in the absence of capital requirements. That is, in their model, regulation does r
play any role and it is, therefore, irrelevant. The focus of the present paper is different. Firstl
we derive an optimal capital requirements regulation scheme (at least in presence of exter
agency problem). Then, we explore the implications for risk taking an lending behavior. W
are, therefore, able to study the relation between regulation and managerial behavior.

Through the introduction of a conflict of interests between managers and shareholders, ¢
model helps explain some stylized facts. Firstly, we find that bank debt is a potential devic
to circumvent the inefficiencies induced by capital requirements. Debt disciplines manage
because it makes capital requirements more difficult to comply with. With leverage the ris
that equity capital becomes insufficient, and consequently that the regulator takes over t
bank, is higher. Secondly, this model helps clarify the relationship between loan portfolio an
managerial compensation.

The model is introduced in the next sectionSaction 1.1we set up the model. We solve
for the first best risk level irBection 1.2 In Section 2 we show that the first best is not
achievable in the presence of an external agency conflict, and we solve for the optimal equ
capital regulationSection dntroduces a second, internal agency conflict, and presents the mai
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results of the papegection 4presents a discussion of the main results and concludes the paper.
Proofs are in théppendix A

1. A model with deposit insurance and capital requirements
1.1. Basic model

We consider a bank which is publicly owned and lives for two periods. Shareholders are
disperse and risk neutral.

At ¢+ = 1, the bank manager chooses the structure of the balance sheet. The bank’s assets
consist of the loan portfolid,, and riskless reserves Investments are financed with deposits
D or by raising equityk; from the market. To lend,, the bank must spend cL as cost of credit,
which can be interpreted as inspection, advertising, and transaction costs which are entirely paid
for by the bank. Without loss of generality, we assume 0. Moreover, the supply of loans
is downward sloping, i.el, = L(r), andL’'(r) < 0, wherer denotes the average lending rate.
Thereforer can be interpreted as the average quality of the loan portfolio, that is endogenously
determined in the model. The lower the loan quality, the higher the risk of default.

Loans contractual repaymentat= 2 is (1 + r)L. Loans are risky and only a random
proportiond is paid back. For simplicity, we assume that reserves and deposits pay zero interest
rate. The bank chooses the lending rate, and indirectly the size of the loan portfolio, so as to
maximize the bank’s profits.

Deposits are insured in the sense that depositors will receive the albatnt= 2 even if
the bank cannot meet its obligations. When this happens, the regulator (either Central Bank or
Deposit Insurance Corporation) takes over the bank, collects outstanding debtors and repays
deposits through an injection of additional liquidity. However, there is a social cost of providing
liquidity in financial distress, and for any dollar contributed by the regulatory institution, the
cost to society is & 4.

At ¢ = 1, the budget constraint for the bank is as follows:

D+ Ky =R+ L(r) (1)

Bank managers can affect the bank performance by exerting a level ofeeff¢€t, co). The
final level of effort affects the distribution @f sincee denotes the quality of the managerial
screening in the credit market. Intuitively, when more resources are spent in investigating
potential borrowers, the quality of the loans, in terms of probability of repayment, increases. In
particular, it is assumed thatcan take two possible values:

e
1 ith probability——
with p ||y1+e

D
Il

1
0 with probability——
with proba ||yl+e

Note that the characterization®fs such thad can take the value of zero for any effort level
e. Thatamounts to say that loans are risky. The expected value of the proportion of loans that are
paid back is thus a concave function of effort, and the probability of default, that is decreasing in
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effort, is then known if managerial effort is observed. In equilibrium, loans will be serviced as

long as its expected repayment exceeds the borrowing ¢tists:)é > 0. Hence, the riskiness

of the bank’s loans has two components. The observable comporserttosen by the bank’s

shareholders. Any value eftan be imposed by regulation. However, only if the effort choice is

publicly observable, can the riskiness of the loan portfolio be controlled by the CentrafBank
At r = 1 shareholders, who are risk neutral, calculate the expected value of their stake in tl

bank given its credit policy, the deposit insurance scheme and the probability of repayment:

E[K>] = E[max{(1+ r0L(r) + R — D, 0}]

Bank regulation is designed at= 0. We assume that the Central Bank requires a minimum
level of reserves that the bank must hoRlIn order to ensure that the bank is in financial dis-
tress whenever loans are not paid back, first we have to show that it is optimal for equityholde
to finance deposit with equity rather than reserves. Every dollar of deposits that is invested
reserves yields a net return of Orat 2, because both deposits and reserves are riskless. How
ever, for every dollar of deposits that becomes a loan, equityholders get an expected repaym
of L+ nNE®) = 1+ r)(e/(1+ ¢)) > 0. Hence, shareholders prefer loans to reserves. We
further assume that the Central Bank requires a minimum level of res®rv@bareholders
optimally chooseD such thatR < D, as stated.

Defining 6y as the level of repayment that guarantees an expected positive value for tt
equity, we can write the last expression as:

E[K3|0 > 6] = E[(1+OL(r) + R — D|0 > 6y], forf > 6o (2)
SubstitutingR in (2) from (1), we get:
E[K2|0 > 6] = E[[(1+ )0 — 1]L(r) + K116 > 6], forf > 6o ©)

with g = (1 — (K1/L))/(1 + r).
Finally, using Assumption 2, the expected value of equity becomes:
e
4
1+e @)

Managerial effort is costly an#(e) = we, with w > 0, denotes such a cost. The linearity
of the cost function is allowed sineeis not bounded to the right, and thus it is never possible
to achieve the maximum level of effort even withvery low. The parametep is the cost per
unit of effort.

Managers are risk neutral, and their compensation consists of a propodidine firm value
that is paid at = 2 and contracted upon at= 1. The salary can be interpreted as a bonus
that is determined based upon some measure of performance. The optimal contract is desig
So as to achieve the desired level of effort. The percentageaid by shareholders and dilutes
their holdings in the firnf.

Managers are able to raise money from the market as long as investors’ discounted expe
tions about the firm value equal their investment:

K1 = (1—-a)E[K)] 5)

E[K>] = [rL(r) + K1]

where we assume for simplicity that the required return to equity equalg zero.
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The financial constraint together with the expression for the firm val(@) idefinesE[ K]
as a function ofr ande only:
e

E[K2] = rL(r) (6)

1+ ae

By choosing the effort level, bank managers directly determine the value of the equity claim
atr = 2, and therefore the amount of equity capital to be raised=atlL. Such a formulation
eliminates the theoretical potential for regulatory capital arbitrage. However, our main insights
remain unchanged.

To summarize, the timing of events is as followsrat O the regulator enforces that
determines the loan base size, together with other pieces of regulation—capital and reserve
requirements when needed. At 1, bank managers choose their effort level, and bank share-
holders provide financing. At = 2, loans mature, and their repayment rate determines the
equity value.

Shareholders maximize the value of the equity at 2, net of managerial compensation,

i.e., (1 — @) E[K>], which is equivalent to maximizing their stake in the firnvat 1 because
(1 — a)E[K7] = K; from (5). Managers maximize their stake in the fio[ K5].

1.2. Thesocially optimal risk policy

Throughout this section, we will assume that managers’ actions are public information. We
will first describe the socially optimal risk and effort choices. In the next section, we show that
because of the external agency problem, the first best is not attainable.

The socially optimal solution can be described as follows:

(14 8)dL(r) }

(F1)

maxela |-

st.aE[K2] > we

That is, in the case where the regulator can enforce any effort level, its objective function
consists of the expected value of the bank’s equity (observe that since deposits are insured, the
regulator is not concerned about their expected value) minus the social cost of its involvement
in the banking activity. With probability A1 + ¢) loans repay zero and the bank is in financial
distress’ In such a situation, the regulator must repay depd3its dL(r), whered = D/L(r)
represents the deposit ratio, the social cost beirgdl We assume that the society spends
1+ § dollars for every dollar of public money that is spent to finance the deposit insurance.
Giammarino, Lewis, and Sappington (199&grpret such a cost as the social losses that occur
when distortionary taxes are imposed in one sector to finance other sectors of the economy.
Moreover,Ballard, Shoven, and Whalley (1988¥timates and obtain values in the range
[0.17, 0.56]. Intuitively, the social welfare function has three componéfitsy) represents the
expected return on the loan portfolio minus the cost of the manager’s effort; the last component
is the social cost of financial distress. The risk subsidy embedded into the deposit insurance
benefits bank shareholders, but it is only a transfer payment from the social point of view.

The second equation is a participation constraint for the manager: she will accept the con-
tract as long as her expected compensation exceeds the cost of exerting a level ef effort
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In equilibrium, the constraint will be binding. The reason why the participation constraint is
binding is thatE(K>) is maximized whermx is minimum. Therefore, the regulator only needs
to guarantee that managers receive a compensaliok,) = we. UsingEq. (6), it is easy to
show that the optimal compensation packafg® offered to the managers satisfies:

FB _ w
L(r)r — we™®
Plugging this value irfF1), the maximization problem becomes equivalent to the following:
1456
maxe[rL(r) — we] — ldL(r) (7)
e,r 1 +e

Solving the above program, we get the first best solutidh, »™8), that is characterized in
the next proposition.

Proposition 1. The socially optimal effort level and the optimal lending rate are given by:

1+ 8)dL(r™®
(r — o)L(r™®) = 2we™® — a+ode ) a —|—)eFB(;2 ) (8)
e(L(r™®) + (P — o)L,) — —(1118235“ =0 ©)

where L, isthe partial derivative of L(r) with respecttor.

The above problem characterizes the first best and informs us on the optimal compensat
package, the socially optimal lending rate, and the first best managerial effort. In equilibriun
some loans with positive expected profifs()(1 + r) > 0) are not granted, because more
loans require more deposits, which entail a deadweight loss. Not€ rad- 8 are negatively
related, which implies that, as more effortis put forth, the loan base increases. Intuitively, high
effort makes the average loan more profitable, and hence the range of acceptable loans wid

2. External agency conflicts: regulatorsvs. banks
2.1. The unregulated optimum

Suppose regulators cannot contract on the effort levéh a sense, the regulator cannot
directly regulate loan quality but can regulate the initial capital level. We will show next that the
firstbestis generally not attainable in a unregulated economy. To see this, consider sharehold
point of view. Their objective is to maximize their residual claim, subject to managers’ partic
ipation. The problem can be formalized as follows:

max(1 — o) E[K>] (20)
st.aE[K?] = we (12)

Note the difference betwedR1) and(10). The regulator is concerned about the social cost
of insurance (the last term in the maximization progréh)), shareholders are not. While
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the optimal compensation package is given by the same expressioR,dke optimal effort

level is given byeS = ((rL(r) — w)/2w). A simple comparison between the effort levels in the
two solutions would suggest us that the socially optimal effort level is always greater than the
shareholders’, implying that the first best level is not attainable in a unregulated economy and
that banks (and therefore, the banking system) would be riskier than it would socially optimal.
We can summarize the above results in the following proposition:

Proposition 2. The socially desirable effort level is not attainable and is always higher than
the level of effort that is optimal from shareholders’ point of view. That is, ¢S < ¢ 8. Moreover,
in the presence of agency conflicts, the loan base size reduces and the optimal lending rateis
higher: rS > r™8.

That is, because of a external agency conflict, banks become riskier. In this simple setup, the
need for banking regulation arises endogenously. As the next section shows, requirements on
equity capital can restore the first best solution.

2.2. Optimal bank regulation in presence of external agency problems

The last section pointed out that banks left alone do not have enough incentives to attain the
first best level of risk and to provide the necessary stability to the economic system. What we
will show in this section is that, in presence of an external agency situation, a regulatory scheme
consisting of (depositinsurance and) capital requirements can help to enforce the desirable level
of effort.

The regulator can easily implement the socially optimal lendingndteand therefore the
size of the loan base. This is so because the lending rate is verifiable, hence the Central Bank,
by means of the monetary policy, can indirectly decide on the prevailing lending rate. In what
follows, we assume that this is the case. Alternatively, we interpret the riskiness of the loan
portfolio as having two components. Regulation can control the observable compgnbut (
not the unobservable componea. (

As we know them, capital requirements dictate that, for any ambuntthat is lent to the
market att = 1, B(é) must be—at least, raised as equity:

K1 > B(®) (12)

Therefore, capital requirements guarantee that the bank cannot assume any additional loan
without communicating it to the market through a demand of extra funds. In this situation,
shareholders will choose a compensation scheraad a level of efforé to maximize the value
of their residual claim, given the constraint imposed by the regulator (capital requiretnents
lending rate). Formally, the problem, that we den@t2) can be described as follows:

max(1 — o) E[K>] (F2)

st.K1 > B)  aE[K)]>we e>00<ac<1

Shareholders choose the valuesdande that optimize the diluted value of equity.The
first constraint is a liquidity constraint for the bank and imposes a minimum on the amount of



A. Bris, S. Cantale/ The Quarterly Review of Economics and Finance 44 (2004) 77-101 85

equity raised by the bank (capital requirements). The second is the usual participation constra
and the others are some regularity conditions.

However, and since the risk of the loan portfolio cannot be observed by bank regulators,
optimal regulation scheme must be designed so as to make bank’s shareholders and mana
choose the social optimum level of risk. We assume that the regulatory institution (e.g., FDIC
sets a capital requirement sche®@®) = B[E(0)] = B(e/(1+ e)) = B(e) that assigns a level
of required reserves to every choice of portfolio risk. Furthermore, we assume that the objecti
of the regulator is to maximize the expected value of the bank, less the deadweight loss incuri
by deposit insurance. Hence, bank regulators ch@gég so as to solve:

maxE[Kz] {_W}

a (F3)
B@®)

1+e
st.e € argmax(F2)

Therefore (F2) becomes now:

max (1 — o) E[K?]

st.K1> BO)  aE[K)]>we e>00<ac<1
The solution tqF2) together with(F3) is stated in the following proposition:

Proposition 3. When managerial effort is observable, the capital requirement level that max-
imizes the regulator’ s objective function is given by the following expression (optimal regula-
tion):

1+4+¢€*

B* = (" —c)e* — Lo we (13)

Consistent with B*, the optimal compensation package offered to, and the optimal effort level
exerted by the manager are socially optimal, i.e. o* = ofB, ¢* = "B,

Also, at the optimum, capital requirements are binding and the bank is financed with equity
equal to K; = B*.

In line with the banking literature, we find that capital requirements help alleviate the exces
risk taking caused by deposit insurance. A positive relation between capital requirements a
risk has been formalized in the theoretical workBlgir and Heggestad (1978ndKim and
Santomero (1988Blair and Heggestad (1978uggest that regulation, by reducing the viable
opportunity set, may adversely increase the probability of defdintt.and Santomero (1988)
in a mean-variance framework, examine the effect of capital regulation for an optimizing ban
They show that the traditional uniform capital ratio is ineffective to reduce risk. They also sho\
that a risk-related capital regulation is more effective only when the weights are calculate
optimally. In Rochet (1991)the adoption of capital requirements may paradoxically entail
an increase of the banks’ risk of default, unless the weights used in the computation of
capital ratio are proportional to the systematic risk of the assets. Also risk-based standa
are not without criticism. Some institutions claim that the capital standards are too severe a
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affect their ability to compete with unregulated, nonbanking financial institutions. Additionally,
another potential problem is that big and small institutions are evaluated using the same scale
even though their credit risks may not be the samia the same line, it is argued that the
Bank for International Settlements regulation, “which offers few incentives, has left many
banks complaining that they will be lumbered with a capital charge so heavy that their trading
operations will struggle to earn a decent return” (The Economist, 1995).

The agency problem between the regulator and the bank is in fact resolved by the intelligent
use of a minimum requirement of equity financing. Capital requirements force managers to
proffer a level of effort (and thus to choose the riskiness of the portfolio) that is socially optimal.
In this sense, capital requirements are an optimal mechanism: they eliminate completely any
distortion created by the asymmetry of information and by the partially conflicting objectives.
Note also that, as intuition suggestds increasing in effort. Additionally, it is always the case
that B*(e) > 0, a direct implication of the fact that€ o* < 1.

The next result describes the shape of the capital requirements scheme:

Corollary 1. IfrL > 4w, then B*(e)/L(r) isincreasing in the riskiness of the loan portfolio e.

The ratioB(9)/L(r) represents in our model the proportion of equity financing relative to
the total loan base. We show that, as loans (or investments in broader sense) get riskier, the
probability of a bank failure gets higher, and the regulator will require a larger proportion of the
assets financed via equity to reestablish efficiency. Note that this result is in line with the basic
principles contained in the Basle Accords. That is, depositary institutions must hold a level of
equity financing that is increasing in the riskiness of their assets.

3. Internal and external agency problems:. regulator s-banks-managers

In this section, we formalize the idea of the separation of ownership and control by assuming
that the effort level (and therefore the loan quality) is not observable, and therefore not con-
tractible. When this is the case, shareholders must design a compensation package that ensures
the implementation of their desired effort level. We denote this conir@gt

To test if the assumption of perfectly aligned managers—shareholders is indeed irrelevant, we
take as given theptimal regulation on capital requirements derived before. For what follows,
in fact, we will assume that the regulator is not aware of the internal agency problem and bank
owners will be, therefore, required to maintain a level of equity financing equal to at least
B*(e) = B*. We could alternatively assume that the regulator is aware of the internal conflict,
solve for the resulting capital requirements, and compare them to the first best level. However,
we take the current approach because our objective in the paper is to make a claim concerning
the choice of the loan portfolio risk by self-interested managers. The objective of this section is
that of illustrate the effect of neglecting the internal agency problem on managerial performance,
compensation, as well as on the bank’s risk policy.

Definern(e, €) asthe manager's net compensation when effisrtindertaken and managerial
compensation ia(e). From(6):

a(e)e

(e, &) = m(;’ YL(r*) — we (14)
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That is, managerial net compensation equals the expected value of the performance-ba
compensation minus the costs of exerting eféort
In this situation, the shareholders’ probfgrsan be reformulated as follows:

m(a)x(l — a(e))E[K>] (P1)
st.e € argmaxu(e, e) e>0,0<a<l1
The solution tqP1)characterizes the conditions that any functiga) should satisfy under

moral hazard. Calt*(e) = arg max,., (P1). Now the bank managers’ optimal strategy solves:
maxa*(e) E[ K] — we (P2)

st. K1 > B*

whereB* ande* come from(13) and(8) respectively.
In the next lemma, we describe the solutior{Rd.), (P2)

Lemma 1l. When managerial effort isnot observable, the maximization problem (P1)and (P2)
has a unique solution. Taken as given the parameter B*, the optimal effort level ey, is given
by the minimum positive value satisfying the following expression:
B* B*/L(r)

Lo " [
The optimal compensation package o* (ey,,) Will be given by:
r — ((B*/L(ryn))/emn)

r+ B*/L(ryy)
At the optimum, capital requirements bind and the bank is financed with equity K; = B*.

Additionally, the effort level ey, exerted in equilibrium isincreasing in B*, and decreasing
inw.

wely (L+ ef)? = * } e

o (eyp) = (15)

When effort (and therefore the risk of the loan portfolio) is neither contractible nor observabl
not only by the regulator but also by shareholders, the latter sets a compensation scheme
granting managers a stake in the firm so to align their interests with those of shareholder
Bank managers’ effort will thus be bounded above by their participation constraint and belo
by the capital requirements constraint. However, note that managers bear all the cost of exert
effort, but, as usual in a moral hazard environment, get only a fraction of the benefits. This |
turn implies that the level of effort (and hence risk) that managers are going to choose may
different from the first best level of effoet B, and therefore not optimal from the claimholders’
point of view. We tackle the issue whether the optimal capital requiremgntre able to
restore the social level of effort in the next proposition.

Proposition 4. Thereexistsw® > 0 such that, for w > w¢, the effort level exerted by managers
is higher in presence of external agency problems. That is, ejy,, > e*.

The reason why shareholders prefer less equity in the presence of an internal agency con
is that capital requirements are specified in terms &f 0 equity value,B(#) < K;. But K,
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equals the diluted equity value at 2, i.e.,K; = (1 — @) E(K»). The more costly effort is,
the highera, and then the larger the portion of the bank’s assets that are financed with debt.
The reason why the result only holds for high valuesvaé that the inefficiency is driven by
the need for managerial compensation. If effort is costly, then0, and given that the size of
the bank is given (can be enforced by the regulator), shareholders have no choice on the effort
level, and they have to exert the socially optimal level in order to satisfy capital requirements.
We can interpret the positive differenae— w® as a measure of internal agency costs. When
managerial actions are costly enough (exacerbating therefore the internal agency problem),
managers will surprisingly tend to profuse more effort in the lending activity. The intuition of
the result goes as follows. FroRroposition 2we know that in equilibrium both the capital
requirements constraint and the participation constraint are binding at the optimum. In this case,
the compensation package and the effort level are given by the dupfet™®). Additionally,
because of the second set of agency problems, shareholders have to promise a higher stake of the
firm oM with respect to the first best compensation leél This is where capital requirements
enter into the picture. Since the stake of the firm attributed to the managers is higher, managers,
to ensure that capital requirements be satisfied, must exert a level of effort that is higher than
the first best leved™. The cut-off pointw® characterizes thimefficient regulation region in our
model. Wheneveg},,, > ¢, banks will reduce the average risk of the loan portfolio—which
is assumed fixed at its socially optimal level. Extant literaf@®nsaid et al., 1993; Chan et al.,
1992; Dewatripont & Tirole, 1994; Nagarajan & Sealey, 1995; Rochet, 1894ymes that
managers maximize shareholders’ value and uses this argument to formalize the problem of a
regulator that chooses the optimlfunction. The previous proposition indicates that, when
we include another level of countervailing incentives, namely the one between managers and
shareholders, the optimal regulation scheinéerived in an economy with only external agency
problems, induces a level of risk that is suboptimally low in a richer agency environment. Note
in fact that, whenw — w® > 0, theex ante probability of bank failure P[0 < 6o] = 1/(1+e) is
lower in the moral hazard case, implying an excessive reduction in the risk taken by the bank.
As we prove below, there are several factors that determine the cut-off pbirh the
following corollary, we show how bank’s shareholders and regulators can influence and ma-
noeuvre those instruments in order to restore credit risk to its socially optimal level and, even
though managerial activities cannot be perfectly monitored, to make internal agency problems
completely vanish.

Corollary 2. Thethreshold value w® is:

1. Increasing in the deposit ratio d and in the bank’ s debt-to-equity ratio.
2. Decreasing in the social cost of financial distress é.

The intuition of the corollary goes as follows.

1. The minimum wage° is increasing in the deposit ratib This result illustrates the role of
leverage in disciplining bank managers. Intuitively, bank debt reduces the willingness of
managers to reduce effort (the violation of capital adequacy ratios becomes more likely)
and, at the very same time, increases its costs (financial distress and therefore loss of com-
pensation). Hence, the set of parameters for which the loan portfolio risk is too low shrinks.
On the same line, and the intuition is analogous, we further show that agency problems
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Period 1 Period 2

1 1 1

1 1 1 >
Timet=0 Timet=1 Timet=2
* Regulation determines: « Shareholders choose manager’s compensation o,  *Loans repay with probability 6
-The reserve requirement R and equity needs K; *Managers are compensated
-The. capitgl requirement B »Managers choose effort level e *Depositors are paid (by either the firm or the
-Optimal size of the loan +Bank raises deposits D and equity K, lendsL at  regulator)
portfolio rater

Fig. 1. Timing of the model. This is a model with three dates and two time periods=AY, regulation (in case itis
needed) determinates the reserve requirerRettie level of capital requiremenB; and the optimal loan portfolio
size. Atr = 1, shareholders choose managerial compensation, and managers choose effort. Financing is raised,
investment is made. At= 2, payoffs are realized.

are less likely to exist in banks whose bank’s debt-to-equity ratio is high. This in turr
implies that undercapitalized banks tend to suffer less from the agency conflict betwee
bank managers and shareholders in the presence of capital requirements. This result i
line with the empirical evidence Wagster (1996 His paper addresses the Basle Accords’

effect on the competitiveness of international banks, and examines the effect of a seri
of events leading up to the Basle Accords in 1988 (when capital requirements were este
lished) on returns to stockholders of international banks from Canada, Germany, Japze
the Netherlands, Switzerland, U.K., and U.S.A. While his results show that shareholde
of banks from Canada, Switzerland, U.K., and U.S. (countries in which the average capit
ratios were well above the new requirement) did experience non-negative wealth effec
the paper also documents that shareholders of banks from Germany, the Netherlands,
Japan (with significantly undercapitalized banks) did not experience wealth losses upon t
introduction of the new capital adequacy ratios, as it would have been intuitively expecte

AN

with observable effort

*
€=€Cwmn

under moral hazard

»q
R

d

Fig. 2. Deposit rate and excess risk-taking. Effect of deposit rate on optimal portfolio risk both under perfec
information and moral hazard. At*, the optimal credit risk levels in both cases equal, eliminated the pervasive
effect of the agency conflict between managers and shareholders.
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Fig. 1shows how regulation on the deposit rafioould be used to lessen the effects of
the internal agency problem. First note that in our model regulation on deposits is similar
to reserve requirementé given the fix size of the bank. It is straightforward to prove that
e* andey,, are respectively increasing and decreasing in the depositdatiois then
possible to set a value fat = d*, such that the credit risk level is restored to the first
best casey = wS, ¢}, = €™B), even in the presence of severe internal agency problems.
John et al. (2000)emonstrate how efficiency could be restored by the optimal choice of a
compensation scheme alone. In a more regulated environment, we show that it is possible
to achieve the same result with a combination of capital adequacy requirements and a lower
bound on bank deposits (reserve requiremerkis). Q).

2. There exists a negative relationship betweémand the costs of financial distress. When-
ever bankruptcy is very costly, the socially optimal level of credit risk is relatively low.
Therefore, bank regulation needs be more severe in order to induce bankers to use external
financing, and hence to undertake safer investments.

4. Discussion and conclusions

Our model helps clarify some unexplored aspects of capital adequacy regulations related to
managerial incentives and to the conflicts with the bank’s owners. The banking literature has
primarily analyzed the effects and problems of capital regulation under the assumption that the
only relevant agency problem was the one between the regulator and the bank as a whole. In
this paper, we claim that the assumption of the absence of an internal agency problem is not
harmless. Whenever an internal agency problem is present, it has to be addressed otherwise
models’ outcomes and policy implications may result seriously biased. In fact, we have shown
that the separation of ownership and control in the banking industry induces levels of risk that
can be lower when compared to those that would be chosen in an ideal framework (perfect
information, no conflict of interest between managers and shareholders). That is, while it is
possible to design a regulatory system with deposit insurance and capital requirements that
provides the right incentives for managers to achieve the optimal level of risk, the same scheme
becomes suboptimal when it is applied to banks with imperfect monitoring. Note that our paper
states that the inefficiency induced by capital requirements depends on idiosyncratic parameters,
such as the debt-to-equity ratio, and the bank’s profit margin. Therefore, a (socially) optimal
bank regulation should allow for some degree of flexibility, and requirements on bank’s equity
capital should be determined on the basis of firm-specific measures of credit risk. This indeed
seems to be the trend in bank regulation: since 1996 regulators allow financial institutions to
monitor and evaluate themselves using the institution’s proprietary internal risk model.

Additionally, we can motivate theoretically some empirical regularities observed in the lit-
erature since the Basle Accord imposed risk-based capital requirements in 1988. Firstly, the
relationship between bank performance and managerial compensation. The result that pay and
performance should be closely related does not seem to hold for banks and financial institutions.
Houston and James (199@)cument that bank CEOs have lower pay-performance sensitivity
than that of non-bank CEOs. Additionallfhomson and Yan (1997ind that bank managers
total compensation is not closely tied to market performance after the enactment of FDICIA
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in 1991. Our model seems to indicate that, when we consider a richer agency environme
performance-driven compensation alone can have pervasive effects on bank’s riskJantidy,
more generally that shareholders should respond optimally to the external shock caused by ¢
ital requirements to incentive managers. A possible way of testing if the second layer of intern
agency problems is relevant in explaining bank regulation and behavior would be to look at tf
change, if any, in the relation between bank performance and managerial compensation bef
and after the 1988 Basle Accords.

Secondly, the relation between capital adequacy regulations and risk taking by banks. C
paper contributes to the literature on bank regulation and risk policy by showing that minimur
requirements on equity capital can be counterproductive. Bank regulation that does not consi
specific bank characteristics, such as ownership concentration, scale, and charter value,
induce self-interested managers to choose suboptimally low risk levels. Our paper argues
flexibility: different banks should be allow to hold different capital levels. Therefore, we provide
a theoretical motivation for the recent trend taken by the Bank for International Settlement
The new 2001 Basel Capital Accord recognizes the need for flexibility and market discipline
and puts more emphasis on banks’ own internal methodologies.

Some useful extensions are possible in our framework. The inclusion of a second layer
agency problem, and namely the conflict of interests between shareholedrs and managers,
ates a richer agengy environment and puts the theoretical foundations for a deeper analysi:
the complicated web of interelationship between risk-taking behavior, incentives, and regul
tions. Many questions, therefore, arise and are possible in such an environment that are
possible in a model where managers’ interests are perfectly aligned with shareholders’. \
addressed one of the possible issues in risk taking behavior, and we did not tackle others. Ot
relevant questions have been in fact ignored and are left for future research. Notably, what :
the relationships between growth opportunities, bank’s regulation, and managerial discreti
(i.e., internal agency problems)? Addressing this feature would in fact help us to understa
better banks’s risk-taking behavior, and would put also an interesting link between the literatu
in banking and in corporate finance.

We assumed that the size of the loan portfolio is optimally determined by the regulato
However, it would be useful to assume that banks have discretion on the loan base. In tl
way, we believe that internal agency conflicts can explain the so-called credit crunch. Tt
underinvestment problem has been the focus of much research in the corporate finance litera
starting withMyers and Majluf (1984)It is easy to argue that the impact on the real economic
activity of such a problem is accentuated for banks. Many explanations have been put forwe
to explain this phenomenon. Among otheésganton (1998argues that only banks with many
profitable loans or growth opportunities (i.e., high chart value) have a relatively more sevel
underinvestment problem. Howev@®eek and Rosengren (19%8udy empirically the extent
to which bank shrinkage is directly tied to the enforcement action of federal regulators. The
sample includes all large insured institutions in New England between 1989 and 1992, and th
find that the capital crunch reported in previous work has indeed an explicit regulatory link (se
alsoBerger & Udell, 1994Hancock, Laing, & Wilcox, 199b

We assumed for simplicity that all agents in our model are risk neutral, and thus the distr
bution of loan repayment depends on effort in the sense of first-order stochastic dominan
The introduction of risk-averse managers could avoid the undesirable linearities in our mod
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and contribute to the study of the optimal risk weights in solvency ratios @sdhet, 199}
Additionally, it would allow for more complicated distributions and would show how the ef-
fect of managerial effort on loans’ risk is directly related to regulation. An analysis with that
perspective would complete ours.

Notes
1.

Giammarino et al. (1993ssume that bank managers know more about the riskiness of
their loan portfolio than do regulators. Bensaid et al. (1993bankers have some infor-
mation on their investments’ quality and have to monitor their implementation. The reg-
ulator, however, has only access to accounting information. Sometimes, bank—regulator
may even pursue self-interest rather than social we(aoet & Thakor, 1993)

Another class of incentives problem between managers and claimholders has been also
analyzedDewatripont and Tirole (1994pcus on the incentive problem between bank
managers and all the creditors of the bank (depositors and stockholders). This problem
motivates capital requirements in a competitive environment. However, the effect of
such a regulation on risk policy is not analyzed.Daltung (1994) the moral hazard
problem between managers and claimholders arises because the latter cannot observe
the bank’s portfolio choice. Thus, the uninsured bank takes too much risk (undertakes
projects with negative NPV). To mitigate this problem, a fairly priced deposit insurance
scheme would induce the bank to take less ridkes (1995)considers information
asymmetry between managers and depositors.

Capital adequacy requirements force institutions to have sufficient capital to cover the
estimated credit risks inherent in their balance- and off-balance-sheet activities. In 1996,
market risk was added to the standards. Market-risk standards apply to large banks.

. This is equivalent to assuming that the probability of loan repayment depend on the

effort and the supply of loan8,= d(e, L), with 6, > 0,6, < O.

. All depository institutions—commercial banks and thrifts—in the United States are

subject to reserve requirements on customer deposits. The required reserve ratio depends
on the amount of checkable deposits a bank holds. The first $42.8 million of deposits
are subject to a 3% reserve requirement. Above $42.8 million they are subject to 10%
reserve requirement. These breakpoints were effective in 12/28/2000, and are adjusted
annually in accordance with money supply growth. No reserves are required against
time deposits or savings accounts.

. Our results do not change if we assume a linear compensation of theAferme.

However, the calculations become far more complicated and it does not contribute to
the basic argument of the paper.

We could assume any positive required retosa 0 without any change in our results.
That is, by allowing the managers to choose only the effort level, we ignore the pos-
sibility that the managers use equity capital strategically in order to extract rents from
less-informed equityholders.

. Giammarino et al. (1993)onsider a very similar net payoff function for the government.

However, they state that the actual formulation chosen to model the bankruptcy costs
does not affect the qualitative nature of the results.
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10. Itis easy to see that even a different assumption on the required rate of return on t
bank’s activity would lead to the same results. Assume in factdha0 is the required
return of equity inEq. (6) (see also footnote 6). Then problgfF2) becomes exactly
equivalent to the following:

max(1 — a)[E[K2] — K1]

st. K1 > bL(r) o[E[K2] — K1] = we e>0,0<a<1

i.e., the managerial compensation consists of a proportion dhtnemental value of
equity, where the expected value of equity at 2 becomes:
Bk = r— 210
A+ e)(a+ p)
It is straightforward to see that the optimal solution involges 0, which leads to the
original problem(F2).

11. Federal Reserve Bank of Atlanta, Financial Update, Volume 11, Number 3, July
September 1998.

12. Finally, it is worth noting here that, although our model predicts that in any situation
capital requirements are a binding constraint for banks, the empirical evidence shov
that capital ratios of the largest banks in the U.S., Britain, Italy, Germany, Japan, an
France all exceed the Basle requirements. However, in an easy extension of our mod
we can show that if we consider a dynamic framework, when the bank is subject t
liquidity shocks or when outside capital is scarce, it may be optimal for the bank tc
maintain a level of equity financing well above the legal requirement.

13. We make use of the revelation principle to solve the principal-agent problem. The rev
lation principle guarantees that, in equilibriuéns= e.

14. Since 1980 and the enactment of the Depository Institutions Deregulation an
Monetary Control Act (DIDMCA), all depository institutions have been required
to observe reserve requirements. Currently, these reserve requirements are lev
against net ‘transaction accounts,’” ‘non-personal time deposits’ and ‘eurocurrenc
liabilities.” Additionally, the Federal Reserve Board may, after consultation with the
Board of Directors of the FDIC, impose a supplementary reserve requirement of u
to 4% of transaction accounts if this is deemed ‘essential for the conduct of moneta
policy.’

15. Inanunregulated econondphn et al. (200Q)erive a compensation package comprising
a fixed salary plus a bonus that depends on the bank’s equity value that would be enou
to restore the social level of risk.
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Appendix A.
A.1. Proof of Proposition 1

The optimume™® results from the first-order condition enThe second-order derivative are
negative, which guarantees a maximum.

A.2. Proof of Proposition 2

First note that, since> satisfies:(L (r°+rL,) = 0 = rS > rFB. To see that, suppose instead
thatr™ > rS. Then,e(L(rS +rL,) < 0 becauseL(r) is decreasing in. However, this implies
e(L(r™B) + (" B)L,) — (1+8)dL,/(1+¢®)) < 0, which is absurd. Now, From the definition of
€S, 2we’S = rL(rS) — w. Besides, fron{8), 2we™ = rL(+™) + (1 + 8)dL(*"B) /(1 + 7B)?)),
henceeS < ¢B.

A.3. Proof of Proposition 3

Let us definé(e, r) = B/L(r).
First use(4) together with(5). Solving for E[ K] results:

E[Ks] = —5—rL(n) (A.1)

1+ e
(F2)is equivalent to:
1_
max( oz)e
e 14 oe
(1—we
>b
1+ozer_ er) 1+ we

given thate > 0, 0 < @ < 1 is satisfied.
The Lagrangian is:

rL(r) (A.2)

s.t.

rL(r) > we

_ (1 - 0()6‘ (l - Ot)e oe

Lle,a,r) = p rL(r) + A1|: 15 ae r — b(e, r)] + Ao |:1+aerL(r) we:|
(A.3)
Conditions for optimality are:
oL l—-«o l-«
i)—=———rL A | =———=r — b.(e,
D e = W aep T TH [(1+oze)2r (e r)}
%
Ap| =———rL(r) —w|=0
+ 2|:(1—|—ae)2r () w]
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(i) % =—1+e)L(r)—r(1+e)+r2L(r)=0

1—
(i) Ay [(1 . Zler — be. r)] —0
(iV) Az [1 faerL(r) - we} —0

Let's consider the possible solutions:

1. A1 = Ao = 0, which implies(rL(r)/(1 + ae)?) = 0 and(1 + ¢)L(r) = 0, ore = —1:
impossible.

2. A,y =0, 12 < 0, which implies(ae/(1+ ae))rL(r) = we, andi, = 1+ e > 0: contradic-
tion.

3. 41 < 0,2 = 0.Inthiscase~(1+e)L(r) —21(1+¢e) =0 = Ay = —L() < 0.
Additionally, b(e, r) = ((1 — a)e/(1 + ae))r, SOb.(e,r) = (1 — a/(1 + ae)®)r. Since
A1 < 0, from (iii):

1 rL(r) L l—« b

L0 0 e e
_ _ (1-we .
=b.(e,r)L(r) = 15 ac rL(r) =0

which impliese = 1: a minimum.
4. A < 0,1 < 0. Hence,

(1—a)e
= b(e,
1+aer e.r)
oe
rL(r) = we A4
ot =" (A4)

which is equivalent to:
a* — L
rL(r) — we*

b*(e,)L(r) =r€*L(r) — (1 + e")we* (A.5)
Therefore, solving (i) and (i), yields:

B L)L —a/(L+ ae*))r —ble, r)] — (1 — e*) /(L + ae*)?)rL(r)
2T LM/ A+ eI~ o)/ L+ ae)Dr — ble, N] + (@/(L+ ae)DrL(r) — w
(A.6)

Ap—1—¢*
A= L(r)le (A.7)
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Moreover, lim,_,«A1 = lim,_, .«A2» = —o0. Finally, let's check that (iii) and (iv) are satisfied:

lim (A ae” rL e lim h2
amar < ? [1 T O D ama (1/(ae* /(L + ae")IL() — we")
— lim (0A2/0ar)
—a—ar (8/0a) (1/[(we* /(1 + ae*))rL(r) — wet
i [ : (92 00r) ] _o
a—ot | —e* 1r(L(r) /(aL(r)r — aL(r) — w — wae*)?)
Additionally,
. 1— e
i (11| T —oten])
— im (0A2/ cx)
a—a (3/00)[(1/ (1 — a)e*/ (1 + ae®)r — b(e, r)]
— im (0A2/0cx)

i =0
a—a* e*[(r + e*r) /(—e*r + e*ar + [re* + ((—1 — e¢*)/L(r))we*]
+[re* + (=1 — ¢*)/L(r)) we*lae*)?]

We solve now(F2) using the solution t¢F3) obtained above.
(F2)is equivalent to:

*

1+ 8)dL
max ¢ rL(r) — @+9dn (A.8)
be.r) 14+ (w/(rL(r) — we*))e* 1+e*
1 %
st.b(e*, r) =ref — te we*
L(r)
Or,
1+ 6)dL
maxe*rL(r) — 2we* — @+9dn (A.9)
b 1+ e*
1 *
st.b(e*, r) =ref — te we*
L(r)

Therefore,
B =re'L — (1+ e"we*

Finally, from (A.4), we* < rL(r), hencex* > 0. Besides, for* < 1, it has to bew <
(L(r)r/(1+ €*)), and from(A.5):
L _ e ZLO (A.10)
1+ e* e*(1+ e*)

And ¢* > 0 since, the right hand side {A.10) is negative fore* = 0 and increasing ia*.
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A.4. Proof of Corollary 1
First note that Vai) = (1/(1 + ¢)?) is decreasing .
Second, from(13),

oB*
de

which is positive (negative) #* < (>)((rL — w)/2w)
From(A.5), ¢* satisfies:

=rL—w—2we

2we™ + ¢?[4w — rL] + 2¢*[w — rL] = [(1+ 8)d + r]L = P(¢*) =0 (A.11)

Note thatP(0) < 0, P'(0) < 0, and under the assumption timat> 4w, P(e) only reaches
a minimum at some > 0. Therefore, to prove the statement, it suffices to showRh@t —
w)/2w) is negative.

Plugging(rL — w)/2w into P(-) and after some algebra, we get:

rL—w rL—27%3w —rL
P = [ T2 - s ma e <o

becauselL > 3w.
Thus,e* > ((rL — w)/2w) = (0B*/de) < 0.

A.5. Proof of Lemma 1

Let us first solve fo(P1) From(14):.

om(e, @) B o' (e)
¥ |,_, [L+alee?

r*L(r*) =0 (A.12)
Hence/(e) = 0.
Additionally, constructing the Lagrangian f(f2), results:
L(e, ) = a(e) E[K2] — we+ A[B* — (1 — a(e)) E[K2]]
with partial derivative:

oL (e, @) _
de o

o'(e) E[K2] + OlaEEEfz] —w+ A |:o/(e)E[K2] — (A —ale) 8E[K2]i|

de
which yields two possible solutions, which are analyzed independently:
(i) A =0,d'(e) =0, which impliesw(dE[K3]/de) = w.
(i) A #0,d'(e) = 0. Solving fors we obtain:
_a(e)(0E[K?]/de) —w
(1 — a(e))(IE[K?] / e)

(A.13)
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Then, the solution tgP1)is equivalent to

m(a)x(l —a(e))E[K?]

st.aE[K2] > we

plus the conditions stated in either one of the two solutions to the manager’s problem.

Only solution (ii) leads to a maximum. To see that, note that, if the constraintis not binding, it
is always profitable for the bank to increase the value of the equity,(@nrtitx(e)) E[ K»] = B*.
Therefore, the shareholders’ problem becomes:

0E[K>] “w
de =

It is easy to verify that the optimum is achieved when the last inequality is binding.
Solving the system defined by the two constrains, it turns outffasolves:

B*/L *
el + 20, — el (BY/LG) + LY —u] - 2O

=MH(eyy) =0 (A.14)

m(a)x(l —a(e))E[K?] (1 — a(e))E[K2] = B* o

with o}, as stated in the proposition.
And, since MHO) < 0 from Proposition 1 MH(-) is continuous and lim, . c,MH(x) =
+00, there existgy,, > 0, such that MHey,,) = 0.
Second-order conditions are verified because of the convexity of the maximand.
Finally, from (15), it is immediate that* < 1. Besides, sinc€l — o*(ef,y)) (e /(1 +
o (e erL(r™) = B*, o*(efyy) < 0= ey < 0, which is absurd. Hence;' (e},,) > 0.
And ¢* > 0 since, the right hand side {A.10) is negative fore* = 0 and increasing ia*.
To show thatey,,, exerted in equilibrium is increasing iB*, just notice that MHe) is
increasing a¢ = ey, and MH is decreasing iB*. Therefore(dey,,/dB)|p=5- > 0. Moreover,
ey 1S decreasing i because MKk) is increasing inv.

A.6. Proof of Proposition 4

From the definition oty,,, we can write:

B B*/L(r) +
weliy + 2welily — ey [(m) L(r) — w:| — B*% =MH(eyy, ) =0

From the definition o&*:
rL(r)e® — (1+ e )we* — B* =0
which is equivalent to:
we? + *[w — rL(r)] + B* = N(¢*,r) =0

whereB* is a constant independent &f (andeyy,,).
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Hence,

LB*/L(r)+2r
—

First notice that MHO, r) < 0 andN(O, r) > 0, MH"(-,r) > 0, N”(-,r) > 0. Also note that

N(-, r) and MH(., r) are continuous functions.

Definew® as the value ofv such that MHg(w®), r] = N[e(w®), r] = 0.
From the definition oé*, and definingZ = rL(r) — w®, w° satisfies the following expression:

Z 4+ 72 — 4Buc
2wt

From the participation constraint {\.2), (xe/(1 + ae))rL(r) > we = rL() > w , Vw.
Hence,Z > 0.
Plugginge* into (A.15) results:

MH (e, r) — N(e, r) = we’® + we? — B'e — B (A.15)

e(wsr) =

MH (e*, r) — N(e*, r)

1 1
= ﬂ[2z3 — 8wB*Z + 2Z%w — 4w?B*] + ﬂ[2z2 — 4wB* + 2Zw]V/ 72 — 4B*w
w w

_ g B*/L(r) + 2r

r

(A.16)

MH[e*(w®), r] — N[e*(w°), ]

1
= Gy [2Z° — 8u°B*Z + 2Z°w° — 4(w°)* B*]
w
B*/L 2
+ [27% — 4w°B* + 2ZwC]y/ Z2 — 4B*u° — pB/EO e, (A.17)
4(wC)2 r

It is clear that MHe*, r) — N(e*, r) is decreasing inw since both terms in brackets are
decreasing im. Therefore, MHe*, r) — N(e*, r) > Oforw < w®, MH(e*, r)— N(e*, r) < Ofor
w > wC. Additionally, MH[e¢* (w), r]— N[e*(w), r]is continuous forw > 0and MHE*(w), r]—
N[e*(w), r] < 0forw =rL(r), sow® < rL(r).

Hence, forw > w°, it must beey,,, > e*.

A.7. Proof of Corollary 2

First notice thatw® is implicitly defined from MHE*(w®)] — N[e*(w®)] = 0, which is
decreasing inw®. Clearly, it is also decreasing B*. Therefore (dw®/dB*) < 0 and:

ow® B owC® 0B*
od ~ 9B* ad
Using(13):
dB* _ 0B* de* de*

g = 5 3d = [rL(r) — A+ Ze)w]ﬁ
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The first term in brackets is negative fraqm.14). Deriving (A.14) as an implicit function of
e* andd, yields(de*/dd) > 0. Therefore(dB*/dd) < 0, which proves the first statement.
In the same way:
dw®  Jw®9B* 0w IB* de*
38 ~ OB* 35  OB* de* 35
And (de*/38) > 0 from (A.14), which proves the second statement.
And finally, the debt-to-equity ratio equals:
D dL(r)
K1  B*
Sincew?® increases witld and decreases with*, the fourth statement holds.
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