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The pricing literature of deposit insurance has a drawback that most
models are in continuous time while the FDIC monitors the banks
periodically. In this study we discuss an adapted barrier pricing
model with discrete monitoring of banks. The practice of bank
capital regulation is embedded in our structural model. The
numerical results show that varying the regulatory barrier is capable
of determining afair insurance premium. This numerical method
could offer anew insight into the relationship between the insurance
premium and the supervision policy. Furthermore, the influence of
the bankruptcy costs on deposit insurance cannot be ignored.
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A discrete barrier option model for deposit insurance valuation
with bankruptcy costs
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Abstract

The pricing literature of deposit insurance has a drawback that most models are
in continuous time while the FDIC monitors the banks periodically. In this study we
discuss an adapted barrier pricing model with discrete monitoring of banks. The
practice of bank capital regulation is embedded in our structural model. The numerical
results show that varying the regulatory barrier is capable of determining a fair
insurance premium. This numerical method could offer a new insight into the
relationship between the insurance premium and the supervision policy. Furthermore,
the influence of the bankruptcy costs on deposit insurance cannot be ignored.
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The importance of deposit insurance is undeniable during the recentfinancial
turmoil. Many governments impose the deposit insurance system byextending the full
coverage of deposits to al depositors in order to stabilize thebanking system.
However, how this insurance can be properly priced is always anissue for bankers and
policy makers.Beginning in 2005, the new Federal Deposit Insurance ReformAct
requiresFDIC to set the new risk rating system. However, with the new assessment
rates, FDIC faces difficult challenge to dealwith the financial tsunami caused by the
subprime mortgage crisis. Due to thebankruptcy of many financia institutions, FDIC
was forced to take over the problembanks, provide the rescue money for the
depositors. The insurance fund for thedeposits was soon to be exhausted.It is
interesting to note that FDIC must adjust the assessment rate for the currentfinancial
situation. The right pricing formula is «ill a difficult issue underchanging
environment with complicated policy variables.

SR =

Using a simple extended structural approach, this study considers the
realprovisions of the FDIC regulations and takes into account the coverage limitation
ofthe deposit insurance. It focuses on the determination of fair deposit
insurancepremium for FDIC under different financial conditions and varied regulatory
policiesfor forbearance. The contribution of our numerica method is that it can
provide thesupervisory agencies the exact barrier policy for taking over the financia
institutions. The closure policy in capital regulation will be affected by the insurance
premium andthe bankruptcy costs.

= RBR

There are two different approaches in pricing the deposit insurance.
Duffie,Jarrow, Purnanandam and Yang (2003) adopted the reduced form models in
valuingthe insurance premium.Structural forms, which are typically based on asset
values and assetvolatilities, are used by most researchers (Black and Cox, 1976;
Leland, 1994; Anderson and Sundaresan, 2000; Brockman and Turle, 2003; Episcopos,
2008).In particular, a path-dependent barrier option has been utilized in
depositinsurance valuation problem (Brockman and Turtle, 2003). The value of the
bankequity is given by a down-and-call option with barrier as the critical point to
failure.In contrast, FDIC’s contingent asset value can be viewed as a down-and-in



option andits obligation to pay the deposits can be viewed as a European put option
written onthe asset of bank (Episcopos, 2008). As an insurer to the depositors of the
bank if thebank fails, FDIC would receive insurance premium to cover the loss of
funds.Previous literature has discussed the importance of the bankruptcy
cost,including direct cost (Warner, 1977; Altman, 1984; Weiss, 1990; Franks and
Torous,1994; Branch, 2002) and indirect cost ( Altman, 1984; Andrade and Kaplan,
1998;Cutler and Summers, 1988; Raan, 1996). These papers concluded that the
directbankruptcy cost to be 3% to 4.5% of the firm’s market value and indirect one to
behigher than 10%. For financiad institutions, due to systemic risk, it is
generallyconsidered that the overall costs of bank failures are higher than the costs of
failuresin other industries. According to Gendreau and Prince (1986), direct cost of
bank’sbankruptcy amounts to 6% of the liabilities.
P

The equity value is priced as a down-and-out call (DOC) by BT model
withsimplifying assumptions like no dividends, no taxes, no bankruptcy cost, no
insurancepremium, constant volatility and continuous monitoring. BT model is
difficult toconsider all the real implications of bank regulation.
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where V is the current market value of bank asset, X is the promised payment
todepositors in T years, H is the closure barrier, N is the standard normal
cumulativedistribution function, and r istherisk free rate of interest, and

In V/X r o /2T
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In H/V r o /2T
X
oVT
n r/o 1/2.

Theresidual of bank’s asset would be equal to
V. DOC H,X V. CX DIC HX
Xe P X DIC H,X
where C(X) is a European call option and P(X) is a put with exercise price X, DIC
(H,X) is adown-and-in cal (DIC) with barrier H. The first term is the present value
forthe insurants (the depositors) under the full insurance; the last two terms are the



totalvalue of FDIC which profits DIC(H,X) by taking over the failure bank with
loses,P(X), due to insurance payment for depositors at maturity date.

Our model, the extended structural approach, is an extension of BT model
withconsideration of regulation limitation. First of all, the bank asset is
monitoreddiscretely only at regular time for financia reporting or announcements.
The conceptof the stair tree (Dai, 2009) is utilized for monitoring the bank asset at
discrete timeand to deal with situations in which the bank fails or not is based on the
closurebarrier. A sample of extended structural approach isillustrated in Figure 1

Figure 1

Discrete Maturity Time
Monitor time

Calculate DOC value

Shareholders
gain $(T)-X

7

e

The structure of the tree and the probability of the branches to the nodes areequal
to the stair tree. In Figure 1, initial bank asset S (0) is the beginning node of thetree,
connecting with a trinomial tree and then joining to a series binomial tree untilnext
discrete monitor time. At monitor time, FDIC would take over the bank if thebank
asset is under the barrier, thus the shareholders holds nothing when bank failures.At
the maturity date, promised payment is provided to the insured depositors.
Shareholders gain the residual value of bank asset after paying the deposits.

Episocopos (2008) extends the BT model by adding constant bankruptcy cost
andinsurance premium. However, bankruptcy cost and insurance premium should
dependon the asset values and the barrier. The bankruptcy cost incurs when banks

-]

OO

Initial Bank

Barrier

—u _
" FDIC takes over \.‘ Bank defaults an.d
the bank 5hal'eh0|c!ers gain
nothing




default. Inthe receivership, FDIC only gains a proportion of the bank’s asset at thetime
of itsclosure because of the cost in the liquidation process. Moreover, in the provision
ofthe insurance contract, FDIC stipulates that insured financial institutions should
payinsurance premium quarterly to protect the deposits. In reality, FDIC can
receiveinsurance premium until the bank fails. Therefore, the value of insurance
premium isdependent on bank’s asset and closure barrier. Thus, the value of FDIC is
given by
DIC H, X [IP H PX BCHX

where BC (H, X) is the bankruptcy cost which depends on the bank asset and
theclosure barrier H, 1P (H) means the insurance premium paid when the bank asset
isabove the barrier.

Figure 2 provides the numerical model to value FDIC, considering the
insurancepremium and bankruptcy cost:

Figure 2
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Therefore, the FDIC valueis equal to

IP(H)+DIC(H,X)-(P(X)+IBC(H)+DBC(X))
where IBC is the indirect bankruptcy cost and DBC is the direct bankruptcy cost.
Thesum of IBC and DBC is the total bankruptcy cost. Because of a grace period

Asset S(0)

e
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offinancial institutions in general, even if the bank’s asset falls under the closure
barrier,the liquidation would not happen until the date of payment for depositors.
Thereforethe indirect bankruptcy cost occurs when bank fails at the monitoring time
and thedirect bankruptcy cost occurs only at maturity date.
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Figure 3 and Figure 4show the property of convergence in our extended structural
model can accurately generate the value of barrier option in bank capital regulation
(Episcopos, 2008).Compared with the same parameters in Table 4, the value of
down-and-out call options in our numerical approach converges on 15.885 (computed
by linear regression) which close to the value of its closed-form formula (15.8853); the
convergent value 0.5508 of failure probability of banks is aso the same as its
closed-form value 0.5508 calculated by BT model.

Figure 3
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The parameters analysis is summarized in Table 1, concluding our numerical
results and our benchmark, BT model.



Table 1l

General 15.885 0.4720 2.6795 15.8853 0.4720 2.679%4 19.9886 | 1.4239
Vo oL 876 |069sel 48085 | 87559 | 069%| 48087 | 157856 | 22209
,,,,,,,,,,,, 00 15885 | 047200 26795 | 158853 | 04720\ 26794 | 199886 | 1.4239
,,,,,,,,,,,, 1 22083 03027, 14819 | 22089 | 03127) 14817 | 244573 | 0.8927

11 27.751 0.2027 0.8136 27.7510 0.2027 0.8136 29.1132 | 0.5485

H 8 19.661 0.2163 -1.0964 19.6610 0.2163 1.0964 19.9886 | 1.4239
o8 1863|0303 00734 | 186379 [ 03036) 0073 | 19.9886 | 14239
o9y 1588 047201 26095 | 158853 | 047201 26094 ] 19.9886 | 14239

9 10.121 0.7095 8.4432 10.1213 0.7095 8.4433 19.9886 | 1.4239
o 0p 18222 ] 00845 03425 | 182221 | Q0845 03425 | 18.6309 | 0.0662

0. 15.885 0.4720 2.6795 15.8853 0.4720 2.6794 19.9886 | 1.4239
0L 1a1se oe7rs| 436 | 141862 | 06775 43784 | 225101 | 39454

0. 13.156 0.7817 5.4085 13.1559 0.7817 5.4087 254849 | 6.9203

T 0. 13.487 0.3633 0.9023 13.4871 0.3633 0.9022 15.2883 | 0.8990
""""""" LI 15885 | 047200 26795 | 158853 | 04720] 26794 | 199886 | 14239
o Moms fosws| 466 | 178730 | 0525 46633 | 241838 | 16475

2. 19.616 0.5524 6.6985 19.6168 0.5524 6.6974 28.0373 | 1.7230

r 0.0 12,787 0.5508 1.6022 127872 0.5508 1.6022 16.6994 | 2.3101
L O 1s8ss 1047200 26795 | 158853 | 04720 26794 | 19.98% | 14239
,,,,,,,,,,, 0.y 19223 1 03%5 33136 | 192231 ) 03%4) 33132 | 23.3752 ) 0.8389

0.2 22.120 0.3269 3.5944 22.7208 0.3269 3.5934 26.7857 | 0.4715

*General means the original parameter values, unless stated otherwise: Current market value of bank asset V=$100, promised payment to depositors X=$90, Regulation barrier
for closure rule H=$90, Asset volatility o =0.2, Interest rate r=0.1, Regulation horizon T= 1 year.




Figure 5 shows that the effect of the indirect bankruptcy cost on FDIC vaue is
significant if barrier is big enough. When supervisory policy is strict with financial
institutions, the indirect bankruptcy occurs easily,leads to sudden decline of the bank’s
asset and then causes the loss of FDIC’s value. In figure 6, we can observe the obvious
concave of FDIC’s value at the barrier close to the promised payment for insurance
depositors as indirect bankruptcy cost increasing. The barrier can protect FDIC from
loss because of the bank asset is easily sufficient to pay insurance deposits; however, it
also causes indirect bankruptcy cost, thus bank asset decline suddenly. Therefore, if
barrier is close to the promised payment, the loss from indirect bankruptcy cost would
be larger than the profit from easily taking over the bank asset.

Figure5
25
20 e
Q 15 = |ndirect bankruptcy
T s, 0T cost =10%
§ 10 /f — . IBC=5%
o g
o 3
..:/ ....... 1BC=0%
0 cees® T 1
-5 [0) 50 100 150 200
Barrier

The parameters are the same as the general case in Table 1 except direct bankruptcy cost
6%, the percent of insurance payment 90% and monitor quarterly.
Figure 6
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The parameters are the same as the general case in Table 1 except monitor quarterly.



The influence of direct bankruptcy on FDIC’s value presents in figure 7 and figure
8. Due to direct bankruptcy happening only at maturity date, the FDIC’s value declines
simultaneoudly as the direct bankruptcy cost(DBC) increases. The concave of FDIC’s
value in figure 10 results from the effect of indirect bankruptcy cost (IBC)rather thanthe

direct bankruptcy cost (DBC).
Figure7
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The parameters are the same as the general case in Table 4 except indirect bankruptcy
cost 10%, the percent of insurance payment 90% and monitor quarterly.

Figure 8
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The parameters are the same as the general case in Table 4 except monitor quarterly.

Thetotal influence of bankruptcy issue representsin Figure 9. In sum, either the indirect
bankruptcy cost or the direct one, bankrupt factor is negative correlation to FDIC’s.

Figure9
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The parameters are the same as the general case in Table 1 except monitor quarterly.
Our structural tree model not only can implement the barrier options
underdiscrete monitoring, but also can calculate the value of deposit insurance
consideringpractical policy issues. This approach can fit in FDIC’s regulation
environment andendogenize the maximum coverage to depositors. This variable has
become one of themost important policy instruments to deal with the crisis of financial
institutions.The numerical results manifest the importance of the bankruptcycosts in
FDIC supervision. Increasing regulatory barrier not only leads to the transferof the
wealth from stockholders to the insurer, but also contributes to enormousindirect
bankruptcy costs to insurer. It is conjectured that the forbearance of closurepolicy is
essential to protect the deposit insurance system.
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The numerical results show that varying the regulatory barrier is capable of
determining a fair deposit insurance premium. This numerical method could offer

a new insight into the relationship between the insurance premium and the

supervision policy. Furthermore, the influence of the bankruptcy costs on deposit
insurance cannot be ignored.




