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1. Introduction

This paper provides a hierarchical agency model to consider an optimal deposit insurance scheme.
In the paper, we develop a framework for studying deposit insurance schemes, reserve requirements,
and depositors’ welfare. The key feature underlying our model that differentiates it from the literature
is that we model the relationships between banks, depositors, and firms within the framework of a hier-
archical agency model. Our model aims at providing an organizing framework that will be especially
useful for policymakers. The main contributions of the paper to the literature are to include govern-
ment in the model and to study the effect of various schemes of deposit insurance within a hierarchical
agency model. The paper also provides theoretical results about depositor behavior that are consistent
with the extant empirical research.

Much of the banking literature emphasizes the various types of moral hazard problems confronted
by banks. Indeed, theories of bank capital increasingly focus on how agency and moral hazard prob-
lems influence bank capital management and more broadly the bank’s entire balance sheet1. Berger
et al. (1995) also provide an extensive discussion of various rationales for regulator-determined ver-
sus market capital ratios in light of the Modigliani–Miller theorem. Following earlier contributions
by Diamond and Dybvig (1983) and Casamatta and Haritchabalet (1991), Diamond and Rajan (2001)
develop a theory of banking in which fragility to bank runs commits banks to the creation of liquidity.
Alternatively, Diamond and Rajan (2000) develop a theory of bank capital and trace decision trees for
entrepreneurs (borrowers), banks (lenders), capital (debt holders), and depositors.

However, despite this large body of work, the literature produces mixed predictions on the effects
of deposit insurance and capital regulation on asset risk and the safety and soundness of the banking
system as a whole. For instance, Akerlof and Romer (1993) argue that deposit insurance can also
create an incentive for managers to intentionally bankrupt the bank. They show that when managers
work as agents for equity holders, managers, if they can, will make dividend payments greater than
the value of the bank to equity holders and thereby default on the bank’s other obligations, such as
deposits. Overall, the theoretical literature suggests that deposit insurance may have either a positive
or a negative effect on financial stability. These broadly ambiguous results suggest that assessing
the implications of capital regulation for balance-sheet risk and deposit insurance in diverse banking
systems is an important agenda for theoretical research in banking. Also not well understood is the
welfare effect on depositors of deposit insurance.

In contrast, a sizeable empirical literature exists on moral hazard and deposit insurance. For exam-
ple, Hooks and Robinson (2002) use bank-level data from Texas in 1920 to analyze the development of
moral hazard. Using a probit model, they find that deposit insurance contributes to the probability of
bank failure, suggesting that not only does deposit insurance cause moral hazard, but also that the neg-
ative effects of moral hazard may outweigh any benefits of protection from liquidity shocks. Grossman
(1992) also examines the balance sheets of American thrifts in the 1930s and finds that banks take on

1See Van Hoose (2007) for an extensive survey.
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more risk following implementation of insurance.
An increasing number of studies have considered moral hazard and deposit insurance using more

recent or international data sets. For example, Brewer and Mondschean (1994) use 1980s data on
US savings and loans associations, arguing that the increase in investment in junk bonds is directly
related to the moral hazard caused by deposit insurance, though Karels and McClatchey (1999) find no
evidence of a decline in asset quality or liquidity using data on US credit unions in 1970. Nevertheless,
much of the literature supports the link between deposit insurance and moral hazard. For instance,
Yilmaz and Muslumov (2008) find evidence of moral hazard in the Turkish banking system, especially
among locally owned banks. Likewise, Gonzales (1992) employs global data to compare bank balance
sheets and finds that deposit insurance directly increases bank incentives for risk taking. However, the
findings also suggest that a decrease in risk-taking incentives from the increased charter value resulting
from deposit insurance at least partly offsets this detrimental effect. Lastly, based on data from 61
countries in 1980–1997, Demirguc-Kunt and Detragiache (2002) argue that explicit deposit insurance
tends to increase the likelihood of banking crises and is more generally more likely when bank interest
rates are deregulated.

There is also some empirical evidence to suggest that deposit insurance changes the behavior of
depositors as well as banks. Importantly, where deposits are not insured, depositors may discipline
banks for taking on extra risk by either withdrawing their deposits or requiring that the banks pay a
higher rate of interest on their deposits. In other words, deposit insurance may reduce the incentive for
depositors to discipline banks. One complexity is, however, that deposit insurance schemes vary widely
in their coverage, funding, and management. This reflects the fact that there are widely disparate views
on the optimal structure for deposit insurance. To address this, Demirguc-Kunt and Huizinga (2004)
use a newly constructed data set of deposit insurance design features to examine how different design
features affect deposit interest rates and market discipline. The key finding is that explicit deposit
insurance reduces the deposit interest rates required, while at the same time lowering market discipline
on bank risk taking. Similarly, Park (1995) employs data on US banks between 1985 and 1992 and
finds that riskier banks had a slower rate of growth in deposits when compared to banks that were less
likely to fail but still required to pay large depositors a higher interest rate. In the same vein, and using
data from US thrifts after 1987, Park and Peristiani (1998) find that even though riskier thrifts paid
higher interest rates on uninsured deposits, they attracted a smaller quantity of deposits.

Recent instability in financial markets has brought renewed attention to the concept and practice
of deposit insurance. While intended to provide financial system stability, there remains some concern
that it may have been ineffective or even counterproductive, and this has delayed implementation in
some systems. For instance, in the wake of the recent financial sector troubles, Australia became one
of the last countries to adopt an explicit deposit insurance scheme. However, despite now near complete
acceptance, there is no universal design for deposit insurance schemes, as shown in Table 1. As shown,
the US, Japan, the United Kingdom, and Australia have all recently expanded coverage of deposit
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insurance; however, the design and institutional arrangements of these schemes vary widely2.
Until October 2008, Australia had no explicit deposit insurance system, the only safeguard for

depositors being the primacy of deposits in the event an insolvent institution is wound up. However,
the global financial crises inspired the government to rethink its policy and it created a scheme that
freely guarantees all deposits. During the crises, moral hazard was less of a concern than bank runs.
Subsequent amendments meant that deposits up to $1 million dollars per person per deposit-taking
institution received insurance at no cost, but all deposits over $1 million dollars could be voluntarily
insured for a premium. This scheme currently applies to all deposit-taking banks authorized by the
Australian Prudential Regulation Authority. The Australian government has also agreed to guarantee
wholesale funding by banks for a premium, with the deposit guarantee intended only as a temporary
arrangement.

This paper aims to provide an insight into both the direct and indirect effects of deposit insurance
on depositor welfare and its relationship with the problem of moral hazard. Our model works in the
following manner. In our economy, there are four classes of agents: a firm, a bank, depositors, and the
government. We assume the firm borrows money from a bank and invests it in a project. The bank
invests the money in the firm and then decides whether to monitor the firm. Many identical depositors
are risk averse and wish to maximize their utility as a function of their consumption. The government
sets the interest rate so it can balance its budget when the bank fails. The model formulates these
agents as follows: the firm as an agent; the bank as a supervisor; the depositors as principals; and the
government as a balanced budget in the case of bank failure.

Within a hierarchical agency model, the paper considers both risk-independent and risk-dependent
premium schemes and the effect of reserve requirement constraints on depositor welfare. We show
that with a risk-dependent premium scheme, the incentive for monitoring decreases when the amount
insured for depositors increases. Moreover, we show that depositors may not deposit money unless the
interest rate on deposits is sufficiently high or the risk of bank failure sufficiently low. This result is
consistent with the empirical research on depositor discipline (see Park (1995) or Park and Peristiani
(1998)).

The outline of the remainder of the paper is as follows. The second section describes the environ-
ment and the model of deposit insurance. The third section undertakes the equilibrium analysis of bank
behavior and deposit insurance. The final section concludes.

2In the US, a maximum of $250 000 ($100 000 from 2010) is insured per person per institution for any particular class of
account. The US Federal Deposit Insurance Corporation then employs a risk-based fee premium structure based on how well
capitalized the deposit-taking institution is and which supervisory group, based on a CAMEL rating, the bank falls into. In
Japan, the insurance limit for deposits was raised to JPY 10 million (principal) plus interest per person per financial institution
in 1986. In the United Kingdom, deposit insurance is included in the Financial Services Claims Scheme where £50 000 per
person per financial institution is covered. It is also compulsory for a deposit-taking institution authorized by the Financial
Services Authority (FSA) to be part of the scheme, with funding of the scheme through a levy collected by the FSA.
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2. The model

In our economy, there are four classes of agents: a firm, a bank, depositors, and the government.
We assume the economy lasts for two periods: day 0 and 1. The firm borrows money from the bank and
undertakes a project with risky outcomes in the next period. The project requires a certain amount of
funds, say L, to begin. The bank invests L into the firm and then decides whether to monitor the firm.
There are n identical depositors and we assume that n is sufficiently large so that each depositor is a
price taker. We also assume depositors are risk averse and wish to maximize their utility as a function
of the amount of consumption. The government sets the interest rate so that it can balance its budget
when the bank fails. In the model, we formulate the agents as follows: the firm as an agent; the bank as
a supervisor; the depositors as principals; and the government as a balanced budget in the case of bank
failure.

Let rL be the interest rate on loans, and rD the rate on deposits. We assume that rL is determined
through negotiation between the firm and the bank, while rD is determined by negotiation between de-
positors and the bank. We do not explicitly model these negotiations, and take rL and rD as exogenous
variables. However, we assume that the government sets an official interest rate r. We consider this as
a discount window rate; in our model, it works as the inflation rate between the two days.

Firm
The firm is the productive unit. The profit created by the firm’s production activity in each state depends
on the effort e > 0 for e ∈ {el, eh} with el << eh. There is a single project that should be undertaken
with the necessary funds of L, which can be considered as the minimum funding level. The profit of
the project, denoted by Q(e), relies both on the efforts made by the firm and the state of the world. If
the firm exerts a high level of effort (eh), the probability of the project’s success is φh. If the firm exerts
a low level of effort (el), the probability of the project’s success is φl. More specifically, when e = eh,
f(L) is assumed to be:

f(L) =

{
(1 + rL)L : with probability φh

0 : with probability 1− φh.
(1)

Similarly, φl is defined. Naturally, we assume φh >> φl. Suppose that in a good state the firm’s profit
is yG and in a bad state the firm’s profit is 0. The firm’s disutility of effort is equal, in monetary terms,
to g(ej), where g(eh) > g(el) and suppose that g(el) = 0. Let U0 to be the firm’s reservation utility to
participate in the debt contract. The firm’s problem is to choose an effort level ej to maximize:

EU(ej) = L+ φj · [yG − f(L)− g(ej)]− (1− φj) · g(ej), (2)

subject to EU(ej) ≥ U0.

If the bank pays the monitoring and enforcement cost, the firm must choose e = eh. Moreover, we
assume that:

r − rD
1 + r

· nD − L < 0. (3)
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This means the bank will fail in the event that the firm is unable to return the loan. In order to avoid
a complicated mixed strategy analysis, we assume the firm is indifferent between exerting a high or low
level of effort and so the firm chooses the high level of effort.

Bank
The owner–manager of each bank is risk neutral and has access to deposits at interest rate r. The
objective of the owner–manager is to maximize the net present value of his or her investment in the
bank’s equity. In the second period, there are two states of the world: either the project is successful or
the project is not successful. Depending on the project outcome, we refer to s = G as the good state
and s = B as the bad state. Suppose that if the bank pays M then the bank can monitor the effort
employed by the firm to which it lends and enforce a contract requiring from the firm that the effort
level is high. The expected value is then:

EΠ(D,M) =

∑
j Pr(s) · f(L)

1 + r
− L+

r − rD
1 + r

nD −M. (4)

We say that the bank fails when its value falls lower than zero. We assume that monitoring cost
M is an increasing function of the loan amount, which we denote M = M(L). To avoid a compli-
cated mixed strategy analysis, we assume that if the bank is indifferent between monitoring and not
monitoring, the bank chooses to monitor the effort level of the firm.

Depositors
Depositors receive initial wealth ω on day 0 but nothing on day 1. The consumption plan on day 1 for
state s is denoted by cs1. Let k indicate the portion of deposits guaranteed by deposit insurance when
the bank fails. Let β denote a time discount rate. The depositors then choose the consumption plan
c = (c0, {cs1}s) to solve the following maximization problem:

max EU(c) = u(c0) + β
∑
j

Pr(s) · u(cs1), (5)

where u(c) = log c is subject to3:

c0 +D + p ≤ ω;
cG1 ≤ (1 + rD) ·D;
cB1 ≤ k ·D,

(6)

and all variables are strictly positive.
3Because we aim to obtain a unique equilibrium in the closed form, we employ a specific form for the utility function.

As one of our objectives is to obtain the effect on depositor welfare, by assuming a specific functional form we can more
easily avoid abstract mathematical arguments. The key features of the utility function are only that it is strictly concave and
monotonically increasing. We can always assume a different functional form, but this does not change the main logic of the
paper.
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Government
The government collects the premium p as a lump sum and sets r and k. The amount the government
then collects as a premium is (1 + r)p in the next period. This forms the maximum amount the gov-
ernment can pay when the bank fails, as the government cannot insure a greater amount. Alternatively,
the government is unable to retain any positive amount when the bank fails. In other words, if the
government’s objective were to maximize depositors’ welfare, then it would be natural to assume that
the government insures as much as it can given the premium. Accordingly, we suppose that the gov-
ernment sets r to balance the budget where the bank fails. Therefore, given r and k, the government
sets r such that it satisfies:

(1 + r) · p = k · nD. (7)

Timing
The timing of the model is as follows.

Day 0 The government announces the interest plan r and the insurance plan (k, p). Accordingly,
depositors, the firm, and the bank move as follows.

• Depositors receive the initial endowment ω, decide their consumption plan c, and consume
c0.

• The firm and the bank discover the minimum funding level L.

• The bank decides whether to monitor the firm’s decision and the firm decides the level of
effort.

Day 1 One of the two states is realized and profit is determined. The firm returns the loan if possible.
Otherwise, the bank fails and the insurance pays the depositors. A depositor consumes cs1 in state
s.

Now we define the equilibrium in this economy as follows.

Definition 1. The equilibrium in this economy consists of: the firm’s effort e∗, the bank’s decision on
monitoring {0,M(L)}, the interest rate r∗, and the depositors’ consumption plan (c∗0, {cs∗1 }s=G,B, D),
of which each variable solves each maximization problem as stated above.

In what follows, we solve this game using backward induction. As shown in the definition of the
equilibrium, the equilibrium concept we use in this paper is a subgame perfect equilibrium. The two
key players for loans are the bank and the firm. Therefore, we first focus on these players’ optimal
actions.
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3. Equilibrium analysis

In this section, we focus on the optimal action by the firm. The firm has two alternatives: namely,
either a low or a high effort level. Now we consider the incentive-compatible contract for the firm. The
incentive compatibility to make the firm exert high effort states that:

φh · [yG − (1 + rL)L− g(eh)]− (1− φh)g(eh) ≥ φl · [yG − (1 + rL)L], (8)

and individual rationality states that:

φh · [yG − (1 + rL)L− g(eh)]− (1− φh)g(eh) ≥ U0. (9)

Given φh >> φl, we can see that for larger L it is less likely that condition (8) holds. Moreover,
as the right-hand side of condition (9) is constant, for larger L it is less likely that condition (9) also
holds. Overall, we can see that for larger L it is less likely we obtain the incentive-compatible contract.
Our aim in the next step is to find the cutoff level of the loan for exerting a high level of effort. We
denote this cutoff level L∗. As discussed, holding other variables constant and increasing L makes it
more difficult for the conditions (8) and (9) to hold, and thus by equating these conditions we obtain:

L∗ =
yG

1 + rL
−max{ g(eh)

φh − φl
,
g(eh) + U0

φh · (1 + rL)
}. (10)

Suppose that U0 is low enough to satisfy g(eh)
φh−φl ≥

g(eh)+U0

φh·(1+rL)
. Then, we have:

L∗ =
yG

1 + rL
− g(eh)
φh − φl

, (11)

and L∗ satisfies the individual rationality constraint because, if the firm is indifferent between the high
and low effort, by assumption the firm chooses the high effort.

Proposition 1. If L > L∗, then there is an incentive for the firm to exert only low effort. If L ≤ L∗,
then the firm exerts high effort.

The intuition of this proposition is straightforward. If L is higher, then the money to be returned
when the project is successful (that is, (1+rD)L) is higher. In other words, (1+rD)L is the difference
in payment between success and failure, because, if the project fails, the firm cannot pay (1 + rD)L.
Therefore, when this difference is larger, there is less incentive to exert high effort. Then L∗ sets the
maximum level of loan to exert high effort from the firm. Further, when φh − φl decreases, L∗ also
decreases. This is also straightforward because, when the difference φh − φl is smaller, the probability
of success given high effort is not so different to the probability of success given low effort. Therefore,
the maximum level of loan to exert high efforts decreases. In other words, the range of loan amounts
for high effort becomes smaller.
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3.1. Risk-independent premium

We would now like to consider these effects on the incentive for monitoring by different premium
schemes. If the premium were independent of risk, then it would not affect the incentive to monitor.
Conversely, if the premium is dependent on risk, then the result may be different. To study this effect,
we first consider the case of a risk-independent premium as a benchmark. Note that with probability φj

the good state occurs for each effort level j and the bad state occurs with probability 1− φj . By using
this information, we can calculate the expected utility of depositors:

EU(c) = log c0 + βφj · log cG1 + β(1− φj) · log cB1 . (12)

Further, given the utility function is increasing in consumption, at the optimal level depositors use
all available resources and so the budget constraint (6) implies that c0 = ω−D− p, cG1 = (1 + rd) ·D
and cB1 = k ·D. By substitution, the expected utility function becomes:

EU(c) = log(ω −D − p) + βφj · log((1 + rd) ·D) + β(1− φj) · log(k ·D), (13)

which is maximized when dEU
dD = 0 , and so we obtain:

−1
ω −D − p

+
βφj

D
+
β(1− φj)

D
= 0. (14)

Rearranging terms, we obtain the following proposition.

Proposition 2. In equilibrium, a depositor chooses: c∗0 = ω−p
β+1 ; D∗ = (ω−p)β

β+1 ; cG∗1 = (1+rd) · (ω−p)ββ+1 ;

and cB∗1 = k · (ω−p)β
β+1 . The equilibrium expected utility for the depositor is:

EU(c∗) = log(
ω − p
β + 1

) + βφj · log(
(1 + rd)(ω − p)β

β + 1
) + β(1− φj) · log

(ω − p)βk
β + 1

. (15)

Suppose that L > L∗ holds. Then, if the bank monitors, the expected payoff for the bank is:

φh(1 + rL)L
1 + r

− L−M(L). (16)

If the bank does not monitor, then the expected payoff for the bank is:

φl(1 + rL)L
1 + r

− L. (17)

Thus, the bank will monitor if (16) ≥ (17) holds. This means the bank monitors when:

(φh − φl) · (1 + rL)L
1 + r

> M(L). (18)

Proposition 3. Suppose L > L∗ holds. Then, the bank chooses to monitor the firm if (26) holds.

8



In summary, the following are the possible cases.

1. L ≤ L∗: The firm exerts high effort and the bank does not monitor.

2. L > L∗: There is an incentive for the firm to exert low effort.

2-1. (φh−φl)·(1+rL)L
1+r > M(L): The firm exerts high effort and the bank monitors.

2-2. (φh−φl)·(1+rL)L
1+r ≤M(L): The firm exerts low effort.

We can think of the case of no premium as a special case of a “risk-independent premium.”

Proposition 4. Suppose that instead of paying a premium the government offers to insure deposits free.
This will increase depositor consumption and thus utility, but will have no effect on the bank’s decision
to monitor.

EU(c) = log(ω −D) + βφj · log((1 + rd) ·D) + β(1− φj) · log(k ·D), (19)

which is maximized when D = ωβ
β+1 . So now C∗0 = ω

β+1 ; D∗ = ωβ
β+1 ;cG∗1 = (1+rd)ωβ

β+1 andcB∗1 = ωβ·k
β+1

so the equilibrium utility is:

EU(c∗) = log
ω

β + 1
+ βφj · log

(1 + rd)ωβ
β + 1

+ β(1− φj) · log
ωβ · k
β + 1

. (20)

Note that the probabilities of the good and bad outcomes do not affect the equilibrium deposit
amounts so the bank still monitors if: (φh−φl)·(1+rL)L

1+r > M(L).

3.2. Risk-dependent premium

In the previous subsection, we studied the case of a risk-independent premium. Now we will
consider the case of a risk-dependent premium. In this case, let p = P (1 − φj) for some constant
P > 0 such that p is correlated with risk and priced in monetary terms. Then, the expected utility is,
for j ∈ {l, h}:

EU(c) = log(ω −D − P (1− φj)) + βφj · log((1 + rd) ·D) + β(1− φj) · log(k ·D), (21)

which is maximized when dEU
dD = 0 , and so we obtain:

−1
ω −D − P (1− φj)

+
βφj

D
+
β(1− φj)

D
= 0. (22)

Rearranging the terms, we obtain the following proposition.
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Proposition 5. In equilibrium, a depositor chooses: c∗0 = ω−P (1−φj)
(β+1) ; Dj∗ = (ω−P (1−φj))β

(β+1) ; cG∗1 =
(1+rd)(ω−P (1−φj))β

(β+1) , and cB∗1 = (ω−P (1−φj))βk
(β+1) . The equilibrium expected utility for the depositor is:

EU(c∗) = log(
ω − P (1− φj)

(β + 1)
)+βφj ·log(

(1 + rd)(ω − P (1− φj))β
(β + 1)

)+β(1−φj)·log(
(ω − P (1− φj))βk

(β + 1)
).

(23)

As discussed in the introduction, one study shows that when premiums relate to risk then depositors
provide some discipline on the behavior of banks, and banks are then more likely to monitor firms. The
following proposition stands in contrast to these results in Boyd et al. (2002), but shows that a risk-
dependent premium may prevent, or at least dampen, the problem of moral hazard. In reality, the US
(and Australia for deposits over $1 million) employ risk-based premiums, as justified by the following
proposition.4

Nevertheless, suppose that L > L∗ holds. Then, if the bank monitors, the expected payoff for the
bank is:

EΠ(Dh,M(L)) =
φh(1 + rL)L

1 + r
− L+

r − rD
1 + r

· nDh −M(L).

If the bank does not monitor, then the expected payoff for the bank is:

EΠ(Dl, 0) =
φl(1 + rL)L

1 + r
− L+

r − rD
1 + r

· nDl. (24)

Thus, the bank monitors if the following holds:

(1 + rL)L ·
(

φh

1 + r
− φl

1 + r

)
+
r − rD
1 + r

· n(Dh −Dl) > M(L). (25)

More formally, we can state the result in the following proposition.

Proposition 6. Suppose that L > L∗ still holds. Then the bank monitors if the following holds:

(1 + rL)L ·
(

φh

1 + r
− φl

1 + r

)
+
r − rD
1 + r

· n(Dh −Dl) > M(L). (26)

From the government’s budget, we have:

1 + r =
k · nDj

P · (1− φj)
. (27)

Now, we have:
d 1

1+r

dk
= −

nDj

P ·(1−φj)

(1 + r)2
= − 1

k(1 + r)
. (28)

4It is true that insurers are only able to use proxies, such as CAMEL ratings in the US or information given by rating
agencies in Australia. While judging the best proxy for risk is outside the scope of this paper, valuing deposit insurance as a
put option and then using market data to price this put have been discussed by Pennacchi (2006), Marcus and Shaked (1984),
and Ronn and Verma (1986).
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This gives:
d r−rD1+r

dk
=

d(1− 1+rD
1+r )

dk
=

1 + rD
k(1 + r)

. (29)

Therefore, we obtain:

dEΠ(Dh,M(L))
dk

=
n(1 + rD)Dh − φh(1 + rL)L

k(1 + r)
=
P (1 + rD)(1− φh)

k2
− φh(1 + rL)L

k(1 + r)
,

and similarly,

dEΠ(Dl, 0)
dk

=
n(1 + rD)Dl − φl(1 + rL)L

k(1 + r)
=
P (1 + rD)(1− φl)

k2
− φl(1 + rL)L

k(1 + r)
. (30)

Now, consider:

dEΠ(Dh,M(L))
dk

− dEΠ(L,Dl, 0)
dk

=
P (1 + rD)(φl − φh)

k2
+

(1 + rL)L
k(1 + r)

·
(
φl − φh

)
. (31)

Given φh > φl, we conclude EΠ(Dh,M(L))−EΠ(Dl,0)
dk < 0. More formally, we can state the following

result.

Proposition 7. As k increases, EΠ(Dh,M(L))− EΠ(Dl, 0) decreases.

This means that when the portion of saving insured increases, then the difference between the
payoffs of monitoring and not monitoring decreases. In other words, the incentive for monitoring
decreases. The incentive for monitoring also decreases as k increases in the case of a risk-dependent
premium. However, the incentive is independent of k in the case of a risk-independent premium.

3.3. Depositors’ behavior and the reserve requirement constraint

We initially considered the situation where deposit insurance is used in isolation to protect de-
positors. Other regulations, however, can also be put into place, the most basic of which are reserve
requirements that only allow a certain proportion of deposits to be lent out and the remainder kept in the
bank to cover withdrawals. Until now, we have assumed that the maximum that banks are able to lend
is exogenously determined by its equity holders and bears no relationship to the amount of deposits
in the bank. We have therefore effectively assumed that banks could fund all lending with equity if
required. We now incorporate a reserve requirement constraint to which banks must adhere. This can
be formulated for θ ∈ (0, 1) as:

M(L) + L ≤ θnD. (32)

To make this constraint effective, we add one more action to the set of the bank’s possible actions,
which is not to lend money. That is, on day 0 the bank decides if L can be lent to the firm and then
whether the bank monitors after lending. If the bank denies the loan, the bank does not take the deposits
and so depositors only consume ω in total on days 0 and 1. In order to avoid a complicated mixed
strategy analysis, we assume that, if depositors are indifferent between depositing and not depositing,
they choose to deposit money. More formally, the timing in this case is as follows.

11



Day 0 The government announces the interest plan r and the insurance plan (k, p, θ). Accordingly,
depositors, the firm and the bank move as follows.

• The firm decides the effort level.

• The bank decides whether to lend and then to monitor the firm’s decision upon lending.

• Depositors receive the initial endowment ω, decide their consumption plan c and whether
to deposit money, and consume c0.

Day 1 One of the two states is realized and the profit is determined. The firm returns the loan if
possible. Otherwise, the bank fails and the insurance is paid to depositors.

If depositors do not deposit, then the depositor’s utility is:

EU(c∗) = log(
ω

β + 1
) + β log(

βω

β + 1
). (33)

Now, similarly as the above, if (26) holds, then the bank would monitor and the firm would choose
the high effort level. Thus, ifM(L)+L ≤ θnDh, the bank lends money and otherwise the bank cannot
lend money because of its institutional arrangements. On the other hand, if (26) does not hold, then the
bank would not monitor and the firm would choose the low effort level. Similarly, for the high effort
level case, if M(L) + L ≤ θnDl, the bank lends money and otherwise the bank cannot lend money.
By using backward induction, we can ultimately consider the depositors’ actions. Comparing (23) with
(33), we can conclude that depositors deposit money if:

log(ω−P (1−φh)
(β+1) ) + βφh · log( (1+rd)(ω−P (1−φh))β

(β+1) ) + β(1− φh) · log( (ω−P (1−φh))βk
(β+1) )

≥ log( ω
β+1) + log( βω

β+1).
(34)

If (26) does not hold, then the bank does not monitor and the firm chooses the low effort level. We
can then conclude that depositors deposit money if:

log(ω−P (1−φl)
(β+1) ) + βφl · log( (1+rd)(ω−P (1−φl))β

(β+1) ) + β(1− φl) · log( (ω−P (1−φl))βk
(β+1) )

≥ log( ω
β+1) + log( βω

β+1).
(35)

We summarize this in the following proposition.

Proposition 8. Suppose that L > L∗ holds.

1. Condition (26) holds: The bank monitors and the firm exerts high effort.

1-1. M(L) + L ≤ θnDh & (34) holds: Depositors deposit, the firm exerts high effort and the
bank monitors.

1-2. else: Depositors do not deposit, and the bank does not lend money.

2. Condition (26) does not hold: The bank does not monitor and the firm exerts low effort.

12



2-1. M(L) + L ≤ θnDl & (35) holds: Depositors deposit, the firm exerts low effort and the
bank does not monitor.

2-2. else: Depositors do not deposit, and the bank does not lend money.

Proposition 8 has implications for the welfare of depositors and depositors’ behavior. First, if rd
(the interest on deposits) is higher, then it is more likely that (34) holds. Empirically, we observe that
depositors may discipline banks by requiring a higher rate of interest on their deposits, as discussed in
the introduction. Second, if the bank does not monitor and the firm only exerts a low effort, then the
depositors deposit at most Dl or do not deposit. This depends on whether (35) holds. Compared to the
case of the high effort level (34), the left-hand side of the condition (which is the minimum requirement
for depositors to deposit money) decreases. Therefore, we can say that whether (35) holds is less likely
than (34), and hence depositors will more likely deposit in the high effort level case. Using similar
logic, we obtain the following result as a corollary of Proposition 8.

Corollary 1. Suppose that L > L∗ holds and n is sufficiently large.

1. Condition (26) and M(L) + L ≤ θnDh holds: For a sufficiently high φh, depositors deposit money.

2. Condition (26) does not hold: For a sufficiently low φl, depositors do not deposit money.

Proof of Corollary 1: For an n that is sufficiently large, we can say M(L) + L ≤ θnDh holds.
As φh → 1, the left-hand side of (34) converges to log( ω

β+1) + β log( (1+rd)ωβ
β+1 ), which is strictly

greater than log( ω
β+1) + β log( βω

β+1). Therefore, we can say for a sufficiently high φh the condition
(34) holds. We next prove the second statement. As φl → 0, the left-hand side of (35) converges to
log(ω−Pβ+1 ) + β log( (ω−P )βk

(β+1) ), which is strictly smaller than log( ω
β+1) + β log( βω

β+1). Therefore, we can
say for a sufficiently low φl the condition (35) does not hold. By Proposition 8, we obtain the desired
results.

It should be noted that the theoretical result in Corollary 1 is consistent with the empirical research
on depositor discipline (see Park (1995) or Park and Peristiani (1998)) in the sense that riskier banks
may need to pay higher interest rates on deposits.

4. Conclusion

Banking operations may be varied and complex. According to Freixas and Rochet (2008), a simple
operational definition of a bank that regulators use is: A bank is an institution whose current operations
consist in granting loans and receiving deposits from the public. Along with this definition, this paper
has developed the simplest possible model to discuss the effects of deposit insurance and the moral
hazard problem. The paper considered the schemes of risk-independent premiums, risk-dependent
premium, and the effect of reserve requirement constraints on depositor welfare, and showed that with
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the risk-dependent premium scheme the incentive for monitoring decreases when the amount insured
for depositors increases. Moreover, the analysis showed that depositors might not deposit money unless
the interest rate on deposits is sufficiently high or the risk of bank failure is sufficiently low. This result
is consistent with the extant empirical work on depositor discipline.

As our goal in this paper is to develop a basic framework, our analysis has several important limita-
tions. As a result, there are a number of directions in which we could further this theoretical work. The
main limitation is that we assume several important variables are set as constants. More specifically,
the level of loans is fixed and it would be natural to extend the model in a way in which the profit when
the project is successful relates to the level of the loan. However, this would complicate the analysis
and it is beyond the scope of this paper to explore this in detail. Nonetheless, we have provided the
simplest possible framework to discuss the design of deposit insurance and depositors’ discipline.
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Country Compulsory Premium Type Amount Insured
1 Albania Yes Fixed rate premium 700,000 leks

2 Armenia Yes Fixed rate premium 2,000,000 drams

3 Australia∗1 Yes No premium for deposits under AU $ 1
million and risk-based if greater.

∞

4 Azerbaijan Yes Fixed rate premium 30,000 manats

5 Belgium Yes Fixed rate premium based on turnover
and deposits covered

100,000 euro

6 Brazil Yes Fixed rate premium 60,000 reias

7 Canada Yes Risk-based premium 100,000 Canadian Dollars

8 Finland Yes Fixed rate premium 50,000 euro

9 France Yes Risk-based premium 70,000 euro

10 Germany No∗2 Risk-based premium ∞
11 Hong Kong Yes Risk-based premium 100,000 HK Dollars∗3

12 India Yes Fixed rate premium 100,000 rupees

13 Indonesia Yes Fixed rate premium 100 million rupiah

14 Italy Yes Risk-based premium 103,291 euro

15 Japan Yes Fixed rate premium 10 million JPY

16 Jordan Yes Fixed rate premium 10,000 dinars

17 Mexico Yes Fixed rate premium 400,000 UDI

18 Netherlands Yes Fixed rate premium 100,000 euro

19 Nigeria Yes Fixed rate premium 5000,000 -N-

20 Philippines Yes Fixed rate premium 250,000 php

21 Russia Yes Fixed rate premium 700,000 rubles

22 Singapore Yes Risk-based premium 20,000 SNG Dollars

23 Turkey Yes Risk-based premium 50,000 YTL

24 US Yes Risk-based premium 250,000 US Dollars

25 United Kingdom Yes Fixed rate premium 50,000 Pounds

∗1 In Australia the deposit guarantee was intended to be a temporary arrangement. ∗2 Deposits not covered in the voluntary
scheme are covered up to 20,000 euro. ∗3 Coverage is being offered above this amount by the Hong Kong SAR government’s
exchange fund until the end of 2010.
The sources for Table 1 are as follows: 1 Albanian Deposit Insurance Agency (2009); 2 Armenian Deposit Guarantee Fund
(2009); 3 Australian Government Bank Guarantee Scheme (2009); 4 Azerbaijan Deposit Insurance Fund (2010); 5 Deposit
and Financial Instrument Protection Fund (2009); 6 Fundo Garantidor De Créditos (2009); 7 Canadian Deposit Insurance Cor-
poration (2009); 8 Deposit Guarantee Fund (2009); 9 Fonds de Garantie Des Depôts (2009); 10 Association of German Banks
(2009); 11 Hong Kong Deposit Protection Board (2009); 12 Deposit Insurance and Credit Guarantee Corporation (2009); 13
Indonesia Deposit Insurance Corporation (2009); 14 Inter-Bank Deposit Insurance Fund (2009); 15 Deposit Insurance Cor-
poration of Japan (2009); 16 Jordan Deposit Insurance Corporation (2009); 17 The Institute for the Protection of Banking
Savings (2009); 18 De Nederlandsche Bank (2009); 19 Nigeria Deposit Insurance Corporation (2009); 20 Philippines Deposit
Insurance Corporation (2009); 21 Deposit Insurance Agency (2009); 22 Singapore Deposit Insurance Corporation (2009); 23
The Savings Deposit Insurance Fund of Turkey (2009); 24 The Federal Deposit Insurance Corporation (2009); 25 Financial
Service Compensation Scheme (2009).

Table 1: Deposit insurance around the world
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