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ABSTRACT

Regulation of financial institutions has two key purposes: Solvency (prudential regulation) and consumer
protection. Prudential regulation is implemented mainly by capital requirements, but governments also provide
insurance for customer deposits, as a backup tool. In this article, we discuss the critical conditions for deposit
insurance and capitalization to act as substitutes for each other, under cyclical economic environment. We make
two assumptions. The first one is that deposit insurance is fairly priced and there is no moral hazard. The second
one is that insurance creates incentives for moral hazard among insured banks, resulting in increased risk taking.
We also discuss the critical conditions for deposit insurance and capitalization to be complementary under different

proportions of deposit insurance.
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1. Introduction

Regulation of financial institutions has two key purposes: solvency (prudential regulation), and consumer
protection. Prudential regulation is implemented mainly by capital requirements, but governments also provide
insurance for customer deposits, as a backup tool. Modern approaches to capital requirements are all based on the
risk undertaken by the financial intermediaries, in both banking and insurance. But governments also provide
deposit insurance (or guaranty funds in insurance), which serve as tools of consumer protection, but also as tools
of prudential regulation by preventing so called bank runs, i.e,, situations when customer withdraw their balances
in large amounts from a financial intermediary due to fear of bankruptcy of that financial intermediary. Our work
is concerned with interaction between capital requirements and deposit insurance for banks (or guaranty funds in
the case of insurance companies).

There is a significant body of literature, including theoretical and empirical studies, on deposit insurance. Mao
and Cheng (2020) give literature review. Starting with Merton (1977), avast literature has used the arbitrage pricing
method to determine the fair insurance premium. The arbitrage pricing method assumes. among other things, that
financial markets are complete, that provider of deposit insurance has perfect information about the risk of banks'
assets, and it can value accurately banks' assets, and moral hazard is explicitly rules out. Diamond and Dybvig (1983)
propose that deposit insurance is an effective method to prevent panic run on a bank. Matutes and Vives (1996)
believe that deposit insurance can prevent systemic crises, expand the deposit base, and improve social welfare.
Bhattacharra, Boot and Thakor (1998) think that deposit insurance can not only prevent a basic run on a bank, but
also can prevent a speculative run. Fama (1985) and James (1987) think that it is difficult to fairly price the deposit
insurance because of information asymmetry. Kreps and Wacht (1971) point out that it is necessary to consider
risk-based premium and co-insurance in order to avoid moral hazard. Kantas (1986) discuss how to jointly carry
out the risk-sensitive pricing of deposit insurance and the discount window in an environment where banks have
private information. Santos (2001) reviews the theoretical literature on bank capital regulation and the literature
on the design of the financial system and the existence of banks. He analyzes the market failures that justify banking
regulation and also analyzes the mechanisms that have been suggested to deal with these failures. Santos (2006)
reviews the literature on the two arrangements that most countries have adopted to insure banks against liquidity
shocks, a lender of last resort and deposit insurance, and compares the design of these arrangements across
countries. Fungacova, Weill and Zhou (2010) examine how the introduction of deposit insurance influences the
relationship between bank capital and liquidity creation. Their findings suggest that the deposit insurance scheme
exerts a limited impact on the relationship between bank capital and liquidity creation and does not change the
negative sign of the relationship. Demirgtic-Kunt et al. (2015) provide a comprehensive, global database of deposit
insurance arrangements as of 2013. They extend their earlier dataset by including recent adopters of deposit
insurance and information on the use of government guarantees on banks’ assets and liabilities, including during
the recent global financial crisis. They also produce a Safety Net Index capturing the generosity of the deposit
insurance scheme and government guarantees on banks’ balance sheets. Diamond et al. (2017) begin with a
framework for organizing the theories of intermediation. Then they draw out the implications for what the theories
say about regulation and note that in many respects the motivation for regulation has been only loosely tied to the
theory of intermediation. Finally, they posit some open questions for regulators and economists interested in
banking. Liu, et al. (2018) present a closed form deposit insurance pricing formula under GARCH framework and a
method for estimating the deposit insurance pricing and evaluating deposit insurance premium rate from market
data. Their results indicate that the deposit insurance premium rate under GARCH is lower than its BS counterpart
during high-risk periods. Most of above literature discuss how to price deposit insurance fairly and how to prevent
the risk taking and moral hazard from perspective of deposit insurers or regulators. Since the stockholders have
incentive to monitor banks to ensure perfect solvency, it is necessary for banks to select optimal scheme to avoid or
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decrease risks at minimum costs from risk management perspective. In this article, we discuss deposit insurance
and capitalization mainly from perspective of insured banks. We also discuss the role of partial insurance and capital
regulation to decrease moral hazard.

The main risk faced by banks is credit risk: a borrower will default on some type of debt by failing to make
payments obligated to. The general method to transfer such kind of risk is to buy deposit insurance. However, buying
deposit insurance requires payin deposit insurance premium and it is likely to cause moral hazard especially when
the insurance premium is not determined fairly. Another way for banks to avoid credit risk is to raise capital.
However, raising capital requires paying capital cost and generally, capital is costly. Banks need to evaluate which of
thesetwo approaches is more economical. Bond and Crocker (1993) examine the complementary relationship
between bank capitalization and deposit insurance as tools that reduce the exposure of risk-averse depositors to a
bank’s random portfolio returns. They also point out that deposit insurance and capitalization are not perfect
substitutes because of presence of monitoring costs. However, they only discuss how to optimize deposit insurance
and determine the categorizing premium of deposit insurance under different capital levels. We think that it is
necessary to jointly determine optimal deposit insurance and capitalization, since the cost of deposit insurance,
capital level, and capital cost are all related to each other. Mao and Cheng (2020) discuss how to optimize
capitalization and deposit insurance strategies under cyclically economic environment and under consideration of
moral hazard inherent in deposit insurance. The objective of banks is to minimize the sum of capital cost, expected
loss of banks’ bankruptcy and the opportunity loss of partial deposit insurance. In this article, we present that
capitalization and deposit insurance can be substituted with each other under some conditions. We discuss these
conditions and determine the critical bound of raising capital to instead of deposit insurance under different ratio

of capital cost.
2. Deciding whether to buy deposit insurance or raise capital in order to manage credit risk
2.1. Models

2.1.1. Stochastic models of assets and liabilities of banks

In this section we will establish models to decide whether to buy deposit insurance or raise capital in order to
manage credit risk. The models presented are consistent with current literature of modeling financial markets and
financial institutions with stochastic processes describing the key variables. Such models have certain limitations.
For example, models based on standard Brownian motion effectively assume that continuously compounded rates
of return follow a normal distribution, but empirical data indicates that the normal distribution underestimates
probabilities of occurrence of extreme tail events. Also, Vasicek model used as a part of our approach has been
criticized as a tool for modeling interest rates because under Vasicek's model, it is theoretically possible for the
interest rate to become negative. Interestingly, both the 2008 Credit Crisis, and the 2020 Covid-19 induced crisis
have brought about negative interest rates on certain risk-free securities, and thus vindicated the Vasicek model to
a degree.

We assume that deposit insurance and capitalization are substituted if not considering moral hazard. We have
known that the main factor affecting deposit insurance premium is the credit risk faced by banks. Here, we use
dynamic default probability Q(t) to express the creditrisk attimet,t =1, 2, ... T faced by banks. We assume that the
insured bank and deposit insurance company can know the full information and can calculate the default rate of the
banks' accurately. We will now discuss the determination of Q(t). Assume that the bank is risk neutral. Different
from the theory of credit risk (Ong, 1999), where the values of assets and liabilities of banks is assumed to follow

lognormal distribution, we assume that standardized value of the assets and the liabilities of a bank can be
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described as the stochastic differential equation (1) and (2) which follows Vasicek (1977) model:
dTA = aA(bA — TA)dt + O'AdZA (1)
dTL = aL(bL - rL)dt + O'LdZL (2)

where dzA (dzL) is a standard Wiener process, O 4 (GL) is the standard deviation of standardized value of
assets (liabilities) of a bank, bA (bL) is the equilibrium standardized value of assets (liabilities) portfolio of long
term, ay(by —14) (or a (b, —1)) is the gap between its current value and its long-run equilibrium level and aA
(aL) is a parameter measuring the speed at which the gap is closed. Based on Mamon (2004), rA and rB also can be

expressed as following stochastic differential equations:
dry(t) = ua(t)dt + o,(t)dB,(t) (3)
dr(t) = p(t)dt + 0, ()dB,(t) (4)

where BA(t) and BL(t) are two correlated standard Brownian Motions, and their time-varying correlation

coefficientis 2( 1) » which can be expressed as

_ou(t) _1—e (v

t 5
p(t) 0,0, i ta, (5)
For proof of equation (5), please see appendix.
Ha(t) = E(ra(t)) = e~ (14(0) + by (%4 — 1)) (6)
uL(t) = E(r(t)) = e" %5 (1,(0) + by (e — 1)) ()
The dynamically expected default probability of banks can be expressed as follows:
7(0) = Jo(0) + 670 = 20 ®
where
00 = [aF0) + 07 (6~ 200(0) ©
0401, -
o4 () = . (1 - e~(@atalty (10)
GF(E) = 5 (1 - e72040) (11)
A ZaA
and
G2 (t) = oL (1 — e2ait) (12)
L 2a,

In what follows, we will use dynamic value at risk (DVaR) and dynamic expected shortfall to estimate the
maximum loss at 1 - q confidence level of the bank(s) and use it as the amount of capital which satisfies regulation

requirement respectively.

2.1.2. Critical condition of participating deposit insurance instead of raising capital with dynamic value at risk
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Define the dynamic value atrisk value DVaR(q,t) as total expected loss of the bank(s) at the confidence level
of 1 - qand attime t,t < T which satisfies:

Pr(A(t) — L(t) < —DVaR(q,t)) =q (13)
where A(t) and L(t) are values of assets and liabilities of bank(s) at time t, t = 1, 2, ..., T. Then we have:
DVaR(q,t) = pa(t) — pu(t) + z40(t) (14)

where p,(t) and p,(t) are defined by equations (6) and (7), o(t) is defined by eqaution (10) and z, is
critical value of standard normal distribution N(0,1) with confidence level 1 - q.

Let 7.(t) be the rate of capital cost at time t =1, 2, ..., T, the total capital cost for raising amount of capital,
DVaR(q,t) is DVaR(q,t) 1.(t). Then, the actual amount of capital which the firm should be raising is
DVaR(q,t)(1+ r.(t)) ifaccounting for the capital cost.

Assume that if participating in deposit insurance, the net premium rate is Q(t) defined by equation (8) and the
volatility of assets and liabilities portfolio of the bank will increase a(t), t=1, 2, ..., T, due to moral hazard created
by deposit insurance. Based on the law of large numbers, the net premium paid by the banks for deposit insurance
should be equal to the claim loss paid by deposit insurers. However, it holds only if the insured banks have no moral
hazard (i.e,, additional risk taking enable by insurance protection). In reality, insured banks will take additional
risks, if insured, by increasing risks of assets and liabilities. Let DC(t) express the sum of net premium of deposit
insurance and increased expected loss at 1 - q confidence level, which results from moral hazard due to deposit
insurance, then we have:

DC(E) = Q(O)uL(6) + (1a(®) = 1u(6) + 24 (1 + @) (D))) = (1a(®) = 11(8) + 240(8)) (1 + 7(6)) =
= Q(O)L(®) = (1a(t) = ()7 (E) = 240 (B) (e (8) = (1)) (15)

[t is easy to know that the critical condition for participating deposit insurance to instead of raising capital is:
DC(t) £ DVaR(q,t) -1, (t) (16)

That is to say, when the increased expected loss at 1 - q confidential level which results from moral hazard by
deposit insurance is less than the total expected loss at 1 - q confidence level if no deposit insurance, participating
deposit insurance is more economical than to raise capital, and vice versa.

By combining equations (14), (15) and (16), we obtain the critical value of moral hazard level a*(t) expressed
as:

QORL() — (1a(t) = (D))o (B) = 240 (D) (72 (E) — @ (8))
= (ra(®) = 1u(®) + 240(8) ) (1)
2(1a(®) = ()7 (8) = Q(O)L(E)
Zq0(t)

(17)

= () = 2r.(t) +

which means that if risk taking level (the increased percentage of the volatility of asset and liability portfolio)
satisfies the condition a*(t) < a*(t), then participating deposit insurance is better than raising capital, and vice
versa.

Under ideal condition of completely fair pricing and without moral hazard, we can get the critical rate of capital
cost:
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Q@)
2 (240(8) + 1a(®) = (1))

T () = (18)

which means that if the rate of capital cost satisfies the condition 7.(t) < . * (t), then raising capital is
prefferable than participating deposit insurance and vice versa.

2.1.3. Critical condition of participating deposit insurance instead of raising capital with dynamic expected
shortfall
Letting DTVaT(q, t) be the expected shortfall at time t at 1 - q confidence level, we havel:

a(t)p(zq)
1-d(z)

If considering the risk taking after participating deposit insurance, the increased expected shortfall at time t at

DTVaR(q,t) = pa(t) — p(t) + (19)

1 - q confidence level is

ADTVaR(q,t) = (m(t) e+ 200 “(t))¢(2q)>
1- ‘D(Zq)
_ _ a(t)q[)(zq))
(uA(t) w0+ § 20 ) @) 20)
a(O)P(zq)(a(t) —1:(1))

= —(ua(®) — w1 + 1-9(z,)

Then, the critical condition of participating deposit insurance instead of raising capital is that the net premium
plus the increased expected shortfall due to moral hazard by depositinsurance must be equal or less than the capital
cost of raising capital, that is:

Q()uL(t)+ ADTVaR(q,t) < DTVaR(q,t) 1,
2(pa(®) — p ()1 (6) — Q) (6) (21)
1-o

Similarly, under ideal condition of completely fair pricing and without moral hazard, we can get the critical rate

= a*(t) = 2r(t) +

of capital cost as follows:

- (£) = Q)L (t)o(t) (22)
P CLGLICH IS
1— d)(Zq) Ua U

2.2. Numerical Analysis with examples

Assume that A(t) and L(t) are the values of assets and liabilities of a bank. The standardized values of A(t) and

A(t)-min(A(t))
max(A(t))-min(A(t))

L(t)are z4(t) = . We use the historical financial data of most recent 13 years of six U.S. main banks

whose values of assets in most recent year are excess 1.5 billion dollars to illustrate the applications of our method.

1 Please refer to Landsman, Z. and Valdez, E. (2003).
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Table 1. Values of the parameters and the asymptotic error of estimation with a Vasicek model of for four U.S.

banks.2
No. of Banks a, Ea, b, Ep, 0y Eg,
1 0.4593 0.3404 0.4167 0.2442 0.8440 0.1519
2 0.4248 0.3209 0.4002 0.2659 0.8836 0.1653
3 0.5356 0.3842 0.4337 0.2381 0.9684 0.1945
4 0.4459 0.3328 0.4381 0.3748 0.9358 0.1862
No. of Banks ap £q, b, Ep, oL Eg,
1 0.4607 0.7388 0.4178 0.2430 0.8411 0.1509
2 0.4334 0.7406 0.3919 0.2596 0.8712 0.1610
3 0.5297 0.7254 0.4239 0.2345 0.8703 0.1638
4 0.5602 0.5940 0.3037 0.1799 0.6866 0.1026

Table 2. Critical level of moral hazard with dynamic value at risk at 99.5% confidence level at minimum capital

requirement.
. = 0.05
t 1 2 3 4 5 6 7 8
No.1 0.0638 0.0651 0.0644 0.0635 0.0628 0.0623 0.0619 0.0617
No.2 0.0226 0.0450 0.0543 0.0591 0.0620 0.0637 0.0648 0.0654
No.3 0.0610 0.0626 0.0621 0.0614 0.0608 0.0605 0.0603 0.0601
No.4 0.0771 0.0768 0.0761 0.0754 0.0750 0.0747 0.0745 0.0744
. =0.10
t 1 2 3 4 5 6 7 8
No.1 0.1651 0.1658 0.1648 0.1637 0.1629 0.1624 0.1620 0.1617
No.2 0.1229 0.1453 0.1545 0.1622 0.1593 0.1639 0.1649 0.1656
No.3 0.1607 0.1626 0.1621 0.1615 0.1610 0.1606 0.1604 0.1603
No.4 0.1831 0.1811 0.1797 0.1787 0.1780 0.1776 0.1773 0.1772
. = 0.15
t 1 2 3 4 5 6 7 8
No.1 0.2664 0.2664 0.2652 0.2640 0.2631 0.2624 0.2620 0.2618
No.2 0.2231 0.2455 0.2547 0.2595 0.2623 0.2641 0.2651 0.2658
No.3 0.2605 0.2626 0.2622 0.2616 0.2611 0.2608 0.2606 0.2605
No.4 0.2892 0.2854 0.2832 0.2819 0.2810 0.2805 0.2801 0.2799
. = 0.20
t 1 2 3 4 5 6 7 8
No.1 0.3676 0.3671 0.3655 0.3642 0.3632 0.3625 0.3621 0.3618
No.2 0.3234 0.3457 0.3549 0.3597 0.3625 0.3642 0.3653 0.3660
No.3 0.3602 0.3625 0.3623 0.3617 0.3613 0.3610 0.3608 0.3607
No.4 0.3953 0.3897 0.3868 0.3851 0.3840 0.3834 0.3829 0.3827

We name these four banks as No. 1, No. 2, No. 3, No. 4, respectively. Table 1 lists the parameters of Vasicek model
with historical data from U,S, Table 2 and 3 list the critical moral hazard level, a*(t) defined as the increased
volatilities of asset and liability portfolios of four banks if fully participating deposit insurance with dynamic value
at risk at 99.5% confidential level and dynamic expected shortfall at 99% confidential level as minimum capital
requirement respectively and when the rate of capital cost takes different values. Table 2 and Table 3 indicate that
o*(t) will increase if the rate of capital cost takes great values, meaning that higher capital cost will encourage the
insured banks to take more risk if they participate in full deposit insurance. Cenerally speaking, the cost of raising

2 &g, 8p,and &;, &5 inTable 1 express the error of asymptotic estimation of parameters of as. baand cawhile ¢, ,¢, and &, in Table
1 express the error of asymptotic estimation of parameters of ai, b, and o. in the Vasicek model.
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capital by banks with lower credit rate will be higher due to their difficulty to raising capital, therefore, the deposit
insurance when offered to the with lower credit rate will likely bring about problems caused by moral hazard (i.e.,
tendency of decision makers with insurance to assume more risk than decision makers without insurance).

Figure 1 and Figure 2 display the change patterns of the critical rate of capital cost with the time for four banks
selected when using dynamic value at risk and dynamic expected shortfall as minimum capital requirement
respectively. We find from Figure 1 and Figure 2 that the critical rates of capital cost are very small and they are
much smaller than the average rate of capital cost for banks3. Therefore, if there is no moral hazard and the deposit
insurance is fairly priced, full deposit insurance is more economical and more preferable than raising capital to

satisfy the minimum capital requirement but without deposit insurance since capital is an expensive resource.

No.1 bank
""""" No.2 bank
No,3 bank
0035~ \ No,4 bank | 4

0.025|~ L B

critical rate of capital cost

0.015~ q

0.01 r r r r r r
1

Figure 1. Patterns of change of critical rate of capital cost with time, under criterion of dynamic value at risk. The
horizontal axis represents time, and the vertical axis shows the change in cost of capital with time.

0.04 T T T T T T

No.1 bank
""""" No.2 bank
No,3 bank
0.035~ \ e — No,4 bank | -

0.03~ N

0.025|- AN B

critical rate of capital cost

0.015 - b

0.01 r r r i i i
1

Figure 2. Patterns of change of critical rate of capital cost with time, under criterion of dynamic expected shortfall.
The horizontal and vertical axes have analogous meaning to the one presented in Figure 1.

3 The average rate of capital cost of U.S. banks is 10.4% from 1993-2001 and it is 7.2% from 2002-2009 (Please see Table 1 of King
(2009)).
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3. Critical conditions that partial deposit insurance and partial capitalization instead of fully
raising capital

In the previous section, we discussed the issue under the assumption that the deposit insurance and
capitalization can be substituted between each other under certain conditions. However, if banks buy full insurance,
there is no incentive for depositors to monitor the banks, the banks will potentially take risks by assuming very
aggressive investment strategies, decrease the capital held, and ignore risk management, and the insolvency
probability of such insured banks will increase significantly.

Bond and Crocker (1993) point out: " The optimal insurance plan furnishes less than full insurance, which
provides depositors with an incentive to require that banks self-protect through capitalization. On the other hand,
the current system of full insurance without capitalization is shown to provide no incentive to self-protect,
generating increased bank risk through de-capitalization”. In this section, we will discuss how to determine the
critical condition of partial deposit insurance and partial capitalization to instead of fully raising capital if we use
less than full insurance in order to avoid moral hazard and if we set proportion of deposit insurance at different
levels.

Assume that the proportion of deposit insurance is p(t), where p(t) <1,t=1, 2, ..., T, and increased moral hazard
level is represented by increased volatility of the value of asset and liability portfolio expressed as al(t). Other
assumptions are same as those in section 1, the previous section. In what follows, we will discuss the critical

conditions with partial insurance.

3.1. With criterion of DVaR (q,t) as minimum capital requirement

Let the total expected loss be DC1(t), which is the sum of net premium of partial deposit insurance, the capital
cost for raising capital for expected loss with 1 - q confidence level for the remaining part of no deposit insurance
and the increased expected loss with 1 - q confidence level resulting from moral hazard due to deposit insurance.
Then we have:

DCi(6) = QOuL()P() + (1 = p(6)) (1a(®) = 11(E) + 24 (1 + 21 (D)0 (©) ) 2 (E)
+ (a0 = 10 + 24 (1 + @1 (©)0(0) = (ka(®) = 1u0) + 20(0)) (14 7:(D) ) PO

= Q(®O)u,(®)p(t) = 2(pa(t) — p,())1:(Op(L)
+zq0(H)a; () (p(t) + 1(1)) — 3240 ()7 ()p(t)

(23)

The critical condition of partial deposit insurance and partial capitalization rather than fully raising capital is:

DCy(t) < DVaR(q,t) . (t)
2 (1a(6) = 1a () + 240(0)) P(OT(E) = Q(OMLE)D(E) (24)
2400 (P(®) + (O (P() — 1))

= ai(t) =

We note that equation (24) will be simplified into equation (17) when p(t) = 1.

3.2. With criterion of DTVaR (q,t) as minimum capital requirement

Ifthe proportion of deposit insurance at time t is p(t), then, the critical condition of participating partial deposit
insurance, partially raising capital instead of completely raising capital is that the sum of net premium of partial
deposit insurance, the capital cost of raising capital for expected shortfall with 1 - q confidence level for the
remaining part of no deposit insurance and the increased expected shortfall due to moral hazard by partial deposit
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insurance must be equal or less than the capital cost of completely raising capital if no deposit insurance, that is:

Q®)u,(t)+ D1 TVaR(q, t) 1.(t)p(t) + AD. TVaR (q,t) < DTVaR(q,t) 1,

2 (1a(©) = a0+ %Z—qz) PO - QO OP(O
Zq)

‘OF) = (25)
= aj(t) ¢(Zq)
(1= (2)) oO(P®) + (OB - 1)
where
DL TVaR(,8) = ua(6) -y (6) + ST #1(0)9(2) 26)
1- <1>(Zq)
_ _ a()¢(zq)
DTVaR(q,t) = pa(t) — p () + T—o(n) (%) (27)
and
AD,TVaR(q,t) = (uA(t) o+ 200 “1(”)‘1’(2‘1))
1-— <D(zq)
B B J(t)¢(Zq)>
(#A(t) )+ R o (1+7.0) (28)
o ~ a(©)p(2q)(1(t) = 7))
= —(ua(®) = ()1 + 1-(z,)

If p(t) = 1, equation (28) will be simplified as equation (21).

3.3. Numerical analysis

In what follows, we will use No.1 bank as an example to do numerical analysis. Figure 3 and Figure 4 describe
the relationship between the proportion of deposit insurance and critical level of moral hazard with time using
dynamic risk at value at 99.5% confidential level as minimum capital requirement (Please note that as Table 2 in
above section shows that the results if using dynamic expected short fall at 99.0% confidential level as minimum
capital requirement is similar, we will neglect the detailed analysis on it) . We set the rate of capital cost at 0.10 and
0.20 respectively, and for other values of parameters please see Table 1. Figure 5 and Figure 6 display the
relationship between the proportion of deposit insurance and the capital amount with criterion of dynamic value
at risk as minimum capital requirement with time. Figure 3 and Figure 4 indicate that the higher the proportion of
deposit insurance, the lower the critical level of moral hazard it is allowed. Since partial deposit insurance will
encourage depositors to require that banks self-protect through capitalization, the capability for banks to resist
risks will enhance and more risk taking is allowed. Figure 5 and Figure 6 shows that the dynamic value at risk at
99.5% level will decreases with the increase of the proportion of deposit insurance, which means that more deposit
insurance will encourage insured banks to hold less capital.
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critical level of moral hazard

the proportion of deposit insurance time

Figure 3. Patterns of change of critical level of moral hazard for different proportion of deposit insurance and
with change in time (r¢ = 0.10).

critical level of moral hazard

the proportion of deposit insurance

time

Figure 4. Patterns of change of critical level of moral hazard for different proportion of deposit insurance and

with change in time (r¢ = 0.20).

standardied capital amount DVaR

the proportion of deposit insurance time

Figure 5. Patterns of change of standardized dynamic value at risk for different proportion of deposit insurance

and with change in time (r¢ = 0.10).
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Figure 6. Patterns of change of standardized dynamic value at risk for different proportion of deposit insurance
and with change in time (r¢ = 0.20).

4. Conclusions

In this article, we discuss whether deposit insurance is complementary or substituted with capitalization. We
discuss the condition(s) under which deposit insurance and capitalization can be substituted for each other, under
the assumption of existence of moral hazard. We establish the models to determine the critical bound of raising
capital, as opposed to obtaining deposit insurance. We also discuss the regulatory capital level of banks if using
capitalization as an alternative to deposit insurance. The results of our analysis show that the critical level of moral
hazard increases with the increase in capital cost, and it decreases with the increase of proportion of deposit
insurance, which means that lower proportion of deposit insurance allows higher level moral hazard due to higher
level of capitalization incentive by depositors. It is important for banks to strengthen risk management so as to
decrease the risk of the volatility of assets' value. The further study will focus on considering the effects of the
systemic risks, the effects of information asymmetric on the determination of the default rate of the insured banks.

It should be noted, and indeed stressed, that existing regulatory risk-based capital requirements in both
banking and insurance are generally imposed based on models describing the company itself, without reference to
deposit insurance or guaranty funds available from the governments for protection of customers’ funds. On the
other hand, regulators impose risk-based capital requirements primarily because of concern for excessive moral
hazard created by deposit insurance, tacitly admitting the relationship we study in our work. Our work suggests
that regulatory regimes for financial intermediaries may need to be examined in a way that acknowledges the
complementary nature of capital and deposit insurance. We believe future empirical examination of that
complementary interaction, in a global context, under varying deposit insurance schemes, may be a very valuable
contribution to research on the crucial topic of effective prudential regulation.
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