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A B S T R A C T

As homoscedasticity assumption of asset return is questionable, traditional deposit insurance
pricing analysis based on the Black-Scholes model always performs poorly. This paper focuses on
deposit insurance pricing under a GARCH framework. A closed-form pricing formula is derived,
and an estimation method for the pricing model with market data is also presented. We apply the
pricing model on a sample of 40 U.S. exchange-listed banks and the results reaffirm the im-
portance of GARCH framework. The premium rate under the GARCH framework is always much
lower than its Black-Scholes counterpart during high-risk periods.

1. Introduction

In a seminal paper, Merton (1977) modeled deposit insurance as a put option on the bank's assets. Since then, a stream of research
has followed Merton (1977) and valuated deposit insurance within Black-Scholes option pricing framework, even though with dif-
ferent model specifications.1 However, it is widely acknowledged that the constant volatility assumption of Black-Scholes framework
is questionable. For example, the Black-Scholes implied volatility always contradicts with the constant volatility assumption and
exhibits the “volatility smile” phenomenon as well as the term structure phenomenon. As shown in the review article by
Bollerslev et al. (1992), a large number of empirical researches demonstrated that financial asset returns always exhibit many
features such as volatility clustering and leverage effects, which also contradicted with the constant volatility assumption. It has
become a consensus that variances of asset return change through time, and a popular choice to characterize this is GARCH models.
Furthermore, several studies demonstrated that the GARCH option pricing model significantly outperforms the Black-Scholes model
(e.g., Duan, 1995; Heston and Nandi, 2000; Christoffersen et al., 2008, etc.). Therefore, in this paper, we develop a pricing model for
deposit insurance under GARCH framework.

Among this stream of literature, the closest research to our analysis is Duan and Yu (1999), who proposed a multi-period deposit
insurance pricing model under GARCH and affirmed the importance of GARCH framework.2 However, they could not obtain a closed-
form formula, which is very essential for empirical research and practical application. Without closed-form formula, it is impossible
to estimate the bank asset process and evaluate the deposit insurance premium, because the underlying asset price (i.e. the bank asset
value) is unobservable. Therefore, Duan and Yu (1999)’s model under GARCH framework is less applicable in empirical research,
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especially in practices to evaluate the deposit insurance premium rate for specific banks.
In this paper, we obtain a closed-form deposit insurance pricing formula under the GARCH framework proposed by Heston and

Nandi (2000). Based on the closed-form formula, we also propose a method for estimating the pricing model and evaluating deposit
insurance premium rate from market data. Thus, this paper provides a rewarding tool for the empirical analysis of deposit insurance
pricing practices, which is the most important contribution to the existing literature.3 We apply the pricing model on a sample of 40
U.S. banks during 2008–2017. The results indicate that the premium rate under the GARCH framework is always much lower than its
Black-Scholes counterpart during high-risk periods, because the constant volatility assumption of Black-Scholes framework over-
estimates the variance of asset return as well as the default risk. However, the results are inconsistent with Duan and Yu (1999), who
found that the model based on Black-Scholes framework underestimates deposit insurance premium. Considering the subjective
setting in their numerical analysis, our empirical results are much more reliable.4 We also examine the effect of capital forbearance on
deposit insurance pricing. And the results show that, with capital forbearance, deposit insurance premium rates increase sub-
stantially.

2. The deposit insurance pricing model

We consider a discrete-time economy in which time is indexed as 0, 1, 2,…, T. The value of the bank's asset at time t is denoted by
Vt. The face value of the deposit is denoted by D. As the deposit is insured, it grows at a risk-free rate. The deposit insurance with
maturity T is priced at time t.

The bank's asset value follows an asymmetric GARCH process:
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where ht is the conditional variance of asset return, r is the risk-free rate, and εt is a standard normal disturbance. This GARCH process
is slightly different from the conventional one used in Duan (1995). It is first presented in Heston and Nandi (2000), then used in
Christoffersen et al. (2008) for option valuation. In both studies, the GARCH process performed well, and most importantly it
provided a basis for deriving a closed-form option valuation formula.

To value the deposit insurance, the risk-neutral distribution of the bank asset at time T is needed. According to Heston and
Nandi (2000), the moment generating function of the logarithm of VT under the risk-neutral measure Q takes the following form:
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A(t; T, φ) and B(t; T, φ) can be calculated recursively from the terminal condition, A(T; T, φ)= B(T; T, φ)= 0.
A bank will not go bankrupt unless its asset falls below ρDer(T− t), where ρ represents the capital forbearance. Thus, the payoff of

the deposit insurance agent at time T can be described by
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The fair price of the deposit insurance should equal the present value of the expected payoff of the insurance agent under the risk-
neutral measure Q. Following similar procedure of Heston and Nandi (2000), the deposit insurance premium rate can be derived as
follows:

3 In fact, Duan and Yu (1999) also pointed out that “Such an empirical analysis will be a fruitful undertaking in future research.”
4 Duan and Yu (1999) chose the S&P 500 series as bank asset value process to estimate the GARCH process and chose the stationary volatility as the variance of

Black-Scholes model.
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where f(iφ) is the character function of the logarithm of VT, and Re[⋅] denotes the real part of a complex number.

3. Model estimation

The parameters of the pricing model, θ=(λ, ω, α, γ, β), can be estimated by the transformed-data approach of Duan (1994). Et,
t=1, …, N, denotes the observation of a stream of equity values. The equity of a bank can be treated as a call option on the value of
the bank's asset. However, according to Ronn and Verma (1986), with the capital forbearance, the strike price of the call option
equals the default point, say, ρDer(T− t). Following the option valuation formula of Heston and Nandi (2000), the equity can be
denoted as follows:
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where K= ρDer(T− t).
Appendix A demonstrates that the functional relation between asset V and equity E in Eq. (8) is one-to-one for every parameter

vector θ, and derives the derivative of the equity with respect to the asset, which is given by
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Thus, according to Duan (1994), the log-likelihood function for equity E can be expressed as
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1 , and LV(.; θ) denotes the log-likelihood function of asset value V. From Eqs. (1) and (2), LV(.; θ) can be expressed
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Substituting Eq. (11) into Eq. (10),
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where ̂ht and ɛ̂t are derived through Eqs. (1) and (2) with =V Vt t. Eq. (12) can be used to obtain the maximum likelihood estimates of
the asset parameters.

4. Empirical implication

4.1. Data

Our empirical analysis uses a set of banks that trade on the NYSE from 2007 to 2016. 40 U.S. banks are selected from CRSP/
Compustat Merged tapes. The stock and balance sheet data are taken from the CRSP Daily Stock file and the Compustat Bank
Fundamentals Quarterly tapes respectively. We use the 1-year Treasury Constant Maturity Rate as the risk-free rate, which is obtained
from the Data Download Program of the Board of Governors of the Federal Reserve System.5 Equity value is calculated as the product
of the daily closing price and the number of shares outstanding. Bank debt is calculated as the sum of total deposits and total
borrowing.

5 Available at https://www.federalreserve.gov/datadownload/.
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4.2. Empirical results

Some simplifying assumptions are made for the sake of empirical tractability. First, the deposit and other debt are of equal
seniority. Second, the deposit insurance for a particular year is priced at the end of the preceding year, with the maturity equaling 1
year. Third, the equity option has the same maturity date as the deposit insurance. The empirical procedure is as follows. First, for a
given year, the asset parameters are estimated using the daily equity values of the preceding year and the last known level of debt.
Second, the bank's asset value and conditional variance are computed using Eqs. (1), (2), and (8). Finally, we calculate the deposit
insurance premium rate using the pricing formula.

Since the results for all banks in the sample have a similar nature, we only report the premium rates of five big banks as well as the
sample average and median. The premium rates reported in Table 1 are with capital forbearance (ρ=0.97), and in Table 2 are
without capital forbearance (ρ=1).6 In both tables, panel A and panel B report the results under the GARCH framework and the
Black-Scholes framework respectively. We find that the premium rates for 2009 and 2010 are substantially higher than those for
other years due to the recent banking crisis. Actually, according to the sample median, most of the premium rates are less than one
basis point for the years other than 2009 and 2010.

Comparing the results in panel A with those in panel B in Table 1, the premium rates under the GARCH framework is consistently
lower than their Black-Scholes counterparts during high-risk periods, that is 2009 and 2010. The conclusion still holds when there is

Table 1
Deposit insurance premium rate (ρ=0.97).

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Panel A. Premium rate under the GARCH framework
Bank of America Corp. 0.02 334.80 6.69 4.00 39.41 0.06 0.00 0.00 0.01 0.00
JPMorgan Chase & Co. 0.09 124.72 16.54 0.09 3.52 0.01 0.00 0.00 0.00 0.00
Wells Fargo & Co. 0.25 78.65 55.35 0.24 1.05 0.00 0.00 0.00 0.00 0.00
U.S. Bancorp 0.00 40.40 8.49 0.01 0.28 0.00 0.00 0.00 0.00 0.00
BNY Mellon Corp. 69.50 138.14 17.69 0.00 3.85 0.00 0.00 0.00 0.00 0.00
Sample Average 8.20 164.72 177.79 34.86 51.69 0.27 18.75 4.66 12.38 3.68
Sample Median 0.86 99.76 20.68 0.28 3.73 0.01 0.00 0.00 0.01 0.00

Panel B. Premium rate under the Black-Scholes framework
Bank of America Corp. 0.00 602.21 162.20 3.89 55.91 0.06 0.00 0.00 0.01 0.00
JPMorgan Chase & Co. 0.04 244.96 27.51 0.09 3.62 0.00 0.00 0.00 0.00 0.00
Wells Fargo & Co. 0.05 179.96 172.89 0.11 1.02 0.00 0.00 0.00 0.00 0.00
U.S. Bancorp 0.00 68.32 76.06 0.01 0.13 0.00 0.00 0.00 0.00 0.00
BNY Mellon Corp. 5.53 336.47 50.79 0.00 3.71 0.00 0.00 0.00 0.00 0.00
Sample Average 6.67 307.35 461.65 128.06 312.17 0.24 0.68 3.76 18.32 12.28
Sample Median 0.59 137.02 72.72 0.31 3.67 0.01 0.00 0.00 0.00 0.00

Note: All numbers are in basis points.

Table 2
Deposit insurance premium rate (ρ=1).

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Panel A. Premium rate under the GARCH framework
Bank of America Corp. 0.00 213.52 12.14 1.19 11.62 0.01 0.02 0.00 0.00 0.00
JPMorgan Chase & Co. 0.01 70.30 2.59 0.02 0.96 0.00 0.02 0.00 0.00 0.00
Wells Fargo & Co. 0.03 44.38 10.26 0.04 0.30 0.00 0.00 0.00 0.00 0.00
U.S. Bancorp 0.00 28.33 6.02 0.00 0.03 0.00 0.00 0.00 0.00 0.00
BNY Mellon Corp. 177.65 136.39 11.57 0.00 0.95 0.00 0.00 0.00 0.00 0.00
Sample Average 7.38 90.98 78.76 36.01 15.32 0.09 9.11 3.57 9.56 1.74
Sample Median 0.29 43.31 12.43 0.19 0.95 0.00 0.00 0.00 0.00 0.00

Panel B. Premium rate under the Black-Scholes framework
Bank of America Corp. 0.00 451.45 96.26 0.99 17.17 0.01 0.00 0.00 0.00 0.00
JPMorgan Chase & Co. 0.01 158.63 12.63 0.02 0.92 0.00 0.00 0.00 0.00 0.00
Wells Fargo & Co. 0.02 132.69 117.43 0.03 0.31 0.00 0.00 0.00 0.00 0.00
U.S. Bancorp 0.00 44.71 49.47 0.00 0.04 0.00 0.00 0.00 0.00 0.00
BNY Mellon Corp. 3.45 262.20 32.25 0.00 1.14 0.00 0.00 0.00 0.00 0.00
Sample Average 3.83 235.79 363.13 74.77 290.76 0.09 0.54 3.07 13.33 6.48
Sample Median 0.14 124.34 39.77 0.08 1.03 0.00 0.00 0.00 0.00 0.00

Note: All numbers are in basis points.

6 See Ronn and Verma (1986) and Duan et al. (1995) about the choice of ρ.
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no capital forbearance as shown in Table 2. The results of the rest banks for 2009 and 2010 are reported in Appendix B, and the
conclusion is true for all of these banks with very few exceptions. As the premium rates for other years are very small, the conclusion
is not so obvious. The findings are inconsistent with those of Duan and Yu (1999) due to the subjectively chosen model parameters in
their numerical analysis.

We argue that the potential reason is the Black-Scholes framework overestimates the variance of asset return and the default risk.
We further estimate the standard deviation of bank asset return as well as bank default probability in 2009 and 2010. Table 3 reports
the results of 5 big banks,7 showing that both the standard deviation of bank asset return and bank default probability under GARCH
framework are consistently smaller than those under Black-Scholes framework. The results for other banks are similar with very few
exceptions. The findings suggest that the constant variance assumption of the Black-Scholes framework overestimates the variance of
the bank asset return and bank default risk during high-risk periods, which results in much higher premium rates.

Comparing the results reported in Tables 1 and 2, the premium rate for ρ=0.97 is always higher than that for ρ=1, which
suggests that the deposit insurance premium rate is very sensitive to capital forbearance. The capital forbearance lowers the strike
price of the equity option (e.g., from DerT to ρDerT) with the option price unchanged, which results in a lower estimate of the asset
value and/or a higher estimate of the variance of the asset return and thus a higher premium rate. The result is also reasonable
because the capital forbearance makes the insurance agent lose the opportunity of avoiding larger loss, that is, it liquidates the bank
once its asset value falls below its total debt, and thus the agent should ask for a higher premium rate.

5. Conclusion

This paper develops a closed-form pricing formula under the GARCH framework. We also present a method for calculating deposit
insurance premium rates from market data through a transformed-data maximum likelihood estimation approach. Empirical results
show that during high-risk periods, the premium rate under GARCH is always lower than its Black-Scholes counterpart, and that the
capital forbearance increases the premium rate substantially.

As most of the current research on deposit insurance pricing is mainly based on the Black-Scholes framework, which is known to
perform poorly in option pricing practices, our deposit insurance pricing model under the GARCH framework provides a useful tool
for future research, especially for the empirical analysis of deposit insurance pricing practices.
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Appendix A. Derivation of Eq. (9):

According to corollary 2.4 of Duan (1995),
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where ≥1 V K{ }T is an indicator function. As a result, the functional relation between equity and asset is one-to-one.

Table 3
Standard deviation of asset return and default probability (ρ=0.97).

2009 2010

GARCH BS GARCH BS

Panel A standard deviation of asset return
Bank of America Corp. 0.0045 0.1184 0.0022 0.0805
JPMorgan Chase & Co. 0.0031 0.0925 0.0032 0.0634
Wells Fargo & Co. 0.0067 0.1671 0.0041 0.1237
U.S. Bancorp 0.0065 0.1274 0.0037 0.1232
BNY Mellon Corp. 0.0071 0.1766 0.0030 0.1251

Panel B default probability
Bank of America Corp. 0.3943 0.5158 0.0159 0.2215
JPMorgan Chase & Co. 0.1877 0.2923 0.0319 0.0499
Wells Fargo & Co. 0.0883 0.1640 0.0741 0.1876
U.S. Bancorp 0.0522 0.0818 0.0148 0.0917
BNY Mellon Corp. 0.1506 0.2675 0.0259 0.0633

Note: GARCH means the variables are calculated under the GARCH framework, while BS under Black-Scholes framework.

7 The results of rest banks are reported in Appendix C. Since the results is very similar, we only report the results that with capital forbearance (ρ=0.97).
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Denote x= log(VT), and let p(x) denote the probability density corresponding to the moment generating function f(φ). Let q
(x)= exp (x)p(x)/f(1). According to Heston and Nandi (2000), q(x) is a probability density, and its moment generating function is
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From the character function of log(VT), the conditional expectation in Equation (A.1) can be given by
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According to corollary 2.2 of Duan (1995), exp(− rt)Vt is a Q-martingale,
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As a result, the derivative in Equation (A.1) can be given by
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Appendix B

Table B.1.

Table B.1
Supplement of deposit insurance premium rate.

ρ=0.97 ρ=1

GARCH BS GARCH BS

2009 2010 2009 2010 2009 2010 2009 2010

TCF Financial Corp. 150.24 12.29 279.29 48.82 115.89 9.97 190.71 26.70
FNB Corp. 198.09 138.58 259.97 275.89 67.13 20.95 219.06 100.66
Webster Financial Corp. 216.34 64.65 237.77 103.09 153.26 40.26 143.67 50.94
First Bancorp. 168.60 197.95 142.32 622.05 16.58 114.92 77.78 336.62
OFG Bancorp. 325.94 159.78 334.07 108.68 194.48 23.20 236.70 47.28
Central Pacific Financial Corp. 213.20 421.55 990.39 3917.43 147.93 368.15 503.72 2914.62
Associated Banc-Corp 53.20 78.85 105.48 178.87 40.51 45.83 68.77 109.73
Bank of Hawaii Corp. 33.23 2758.74 69.96 1.61 20.98 0.50 36.84 0.94
Synovus Financial Corp. 125.26 538.78 190.26 1612.01 43.42 472.44 115.99 1180.19
Comerica, INC. 209.73 11.80 297.91 54.27 74.74 58.29 191.97 25.53
Cullen/Frost Bankers, INC. 24.82 0.86 32.88 4.10 15.13 0.30 20.64 2.01
Regions Financial Corp. 358.21 271.47 1107.88 558.76 233.04 164.10 939.84 377.62
M&T Bank Corp. 94.97 3.56 131.72 10.41 57.75 12.73 81.88 4.25
First Horizon National Corp. 631.75 9.38 725.76 29.50 209.55 5.18 618.00 16.99
PNC Financial Services Group, INC. 63.45 96.05 122.31 208.89 43.19 18.31 80.41 139.76
KeyCorp 489.53 112.56 757.14 481.25 351.20 155.07 594.39 360.51
SunTrust Banks, INC. 197.99 167.88 377.58 221.62 101.47 5.63 271.21 139.03
BB&T Corp. 110.78 8.88 205.41 31.65 42.08 4.72 142.97 15.71
State Street Corp. 121.96 63.10 286.05 586.53 82.66 146.53 189.96 462.06
Suffolk Bancorp. 21.39 6.76 40.37 28.88 13.15 4.31 23.46 9.65
First Commonwealth Financial Corp. 26.04 114.44 60.84 262.63 24.15 96.73 54.74 161.87
Midsouth Bancorp., INC. 43.37 32.41 39.03 1926.79 20.10 110.98 514.72 2159.20
Astoria Financial Corp. 104.55 20.56 100.68 50.27 46.95 3.12 50.67 17.32
New York Community Bancorp., INC 68.01 6.49 106.70 4.30 34.13 3.02 67.80 1.79
Valley National Bancorp. 38.02 10.04 64.01 26.23 24.20 52.34 43.61 13.06
Ocwen Financial Corp. 20.98 9.78 101.46 13.53 28.84 10.22 71.51 22.14
Flagstar Bancorp., INC. 1140.76 847.27 987.58 3913.86 567.04 640.75 758.85 3603.81
BancorpSouth, INC. 32.80 2.58 69.06 12.86 23.97 3.42 42.93 6.40
Prosperity Bancshares, INC. 42.98 0.25 75.54 1.31 23.43 0.03 58.36 0.50
Sterling Bancorp. 23.37 10.39 38.39 69.37 12.82 3.86 45.34 16.92
Community Bank System, INC. 24.56 6.49 34.42 7.44 15.92 2.06 20.90 3.99
Berkshire Hills Bancorp., INC. 10.22 6.68 37.20 28.23 5.24 3.06 43.29 3.77
Banc of California, INC. 43.16 184.89 51.99 1970.94 15.55 130.85 553.35 1290.77
Provident Financial Services, INC. 54.61 20.81 94.93 51.92 28.18 22.00 56.30 24.62
Western Alliance Bancorp. 390.02 610.17 2305.89 552.47 251.71 354.15 1251.77 570.10

Note: GARCH means the premium rate is calculated under the GARCH framework, while BS means the premium rate is calculated under Black-Scholes framework. All
numbers are in basis points.
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Appendix C

Tables C.1, C.2.

Table C.1
Supplement of standard deviation (ρ=0.97).

2009 2010

GARCH BS GARCH BS

TCF Financial Corp. 0.0063 0.1380 0.0023 0.0722
F.N.B Corp. 0.0089 0.1629 0.0055 0.1260
Webster Financial Corp. 0.0041 0.0693 0.0025 0.0524
First Bancorp. 0.0042 0.0636 0.0014 0.0617
OFG Bancorp. 0.0027 0.0582 0.0028 0.0459
Central Pacific Financial Corp. 0.0034 0.1815 0.0019 0.3198
Associated Banc-Corp 0.0049 0.1063 0.0025 0.0814
Bank of Hawaii Corp. 0.0071 0.1432 0.0123 0.0701
Synovus Financial Corp. 0.0044 0.0976 0.0046 0.2004
Comerica, INC. 0.0031 0.0826 0.0019 0.0621
Cullen/Frost Bankers, INC. 0.0057 0.1250 0.0027 0.0805
Regions Financial Corp. 0.0036 0.1749 0.0042 0.1208
M&T Bank Corp. 0.0048 0.0981 0.0024 0.0609
First Horizon National Corp. 0.0085 0.1752 0.0025 0.0783
PNC Financial Services Group, INC. 0.0062 0.1178 0.0036 0.1153
KeyCorp 0.0060 0.1389 0.0024 0.1177
SunTrust Banks, INC. 0.0044 0.1141 0.0033 0.0890
BB&T Corp. 0.0060 0.1277 0.0023 0.0708
State Street Corp. 0.0036 0.0960 0.0049 0.2257
Suffolk Bancorp. 0.0038 0.1248 0.0033 0.0997
First Commonwealth Financial Corp. 0.0053 0.1152 0.0028 0.0933
Midsouth Bancorp., INC. 0.0042 0.0652 0.0147 0.4314
Astoria Financial Corp. 0.0039 0.0684 0.0018 0.0466
New York Community Bancorp., INC 0.0040 0.1152 0.0191 0.0819
Valley National Bancorp. 0.0060 0.1288 0.0043 0.0894
Ocwen Financial Corp. 0.0103 0.2226 0.0189 0.3111
Flagstar Bancorp., INC. 0.0043 0.0675 0.0064 0.3946
BancorpSouth, INC. 0.0052 0.1092 0.0025 0.0772
Prosperity Bancshares, INC. 0.0076 0.1513 0.0025 0.0802
Sterling Bancorp. 0.0051 0.1077 0.0029 0.0907
Community Bank System, INC. 0.0047 0.1030 0.0025 0.0584
Berkshire Hills Bancorp., INC. 0.0044 0.0969 0.0033 0.0725
Banc of California, INC. 0.0030 0.0412 0.0026 0.2286
Provident Financial Services, INC. 0.0049 0.1217 0.0025 0.0736
Western Alliance Bancorp. 0.0076 0.3806 0.0048 0.1195

Note: GARCH means the standard deviation is calculated under the GARCH framework, while BS means the standard deviation is calculated under Black-Scholes
framework.

Table C.2
Supplement of bank default probability (ρ=0.97).

2009 2010

GARCH BS GARCH BS

TCF Financial Corp. 0.1770 0.2637 0.0247 0.0802
F.N.B Corp. 0.1908 0.2268 0.1769 0.2743
Webster Financial Corp. 0.3101 0.3279 0.1269 0.1810
First Bancorp. 0.2462 0.2211 0.4247 0.7021
OFG Bancorp. 0.4580 0.4653 0.2605 0.2001
Central Pacific Financial Corp. 0.2849 0.5882 0.6577 0.9434
Associated Banc-Corp 0.0785 0.1326 0.1342 0.2395
Bank of Hawaii Corp. 0.0430 0.0783 0.6525 0.0032
Synovus Financial Corp. 0.1734 0.2305 0.5413 0.7527
Comerica, INC. 0.2953 0.3621 0.0255 0.0944
Cullen/Frost Bankers, INC. 0.0321 0.0426 0.0017 0.0074
Regions Financial Corp. 0.4118 0.6424 0.3395 0.4842
M&T Bank Corp. 0.1320 0.1678 0.0076 0.0203

(continued on next page)
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The default probability under GARCH framework could be estimated as follow
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Table C.2 (continued)

2009 2010

GARCH BS GARCH BS

First Horizon National Corp. 0.4551 0.4840 0.0179 0.0486
PNC Financial Services Group, INC. 0.0873 0.1429 0.1342 0.2286
KeyCorp 0.4695 0.5593 0.1860 0.4397
SunTrust Banks, INC. 0.2560 0.3713 0.2298 0.2744
BB&T Corp. 0.1396 0.2132 0.0179 0.0543
State Street Corp. 0.1865 0.3255 0.0835 0.3612
Suffolk Bancorp. 0.0278 0.0514 0.0120 0.0425
First Commonwealth Financial Corp. 0.0389 0.0778 0.1794 0.3081
Midsouth Bancorp., INC. 0.0743 0.0683 0.0505 0.6049
Astoria Financial Corp. 0.1621 0.1579 0.0458 0.0987
New York Community Bancorp., INC 0.0911 0.1283 0.0110 0.0077
Valley National Bancorp. 0.0472 0.0767 0.0177 0.0410
Ocwen Financial Corp. 0.0242 0.0841 0.0083 0.0109
Flagstar Bancorp., INC. 0.8827 0.8675 0.6925 0.9043
BancorpSouth, INC. 0.0481 0.0897 0.0052 0.0225
Prosperity Bancshares, INC. 0.0518 0.0813 0.0005 0.0025
Sterling Bancorp. 0.0348 0.0531 0.0201 0.0990
Community Bank System, INC. 0.0354 0.0491 0.0128 0.0150
Berkshire Hills Bancorp., INC. 0.0170 0.0544 0.0136 0.0483
Banc of California, INC. 0.0909 0.1064 0.3247 0.7938
Provident Financial Services, INC. 0.0721 0.1124 0.0391 0.0841
Western Alliance Bancorp. 0.3582 0.7117 0.5033 0.4829

Note: GARCH means the standard deviation is calculated under the GARCH framework, while BS means the standard deviation is calculated under Black-Scholes
framework.
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