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Abstract

This study measures the deposit insurance premium under stochastic interest rates for Taiwan’s banks by applying the two-step maximum likelihood estimation method. The estimation results suggest that the current premiums - charging 5, 5.5, and 6 basis points per dollar of insured deposits - are too low and are not proportional to the risks of the insured banks. Moreover, a comparison of the results estimated from different methods implies that the under-estimation issue of the deposit insurance premium due to the problems of statistical inconsistency and efficiency is more serious than that caused by the exclusion of the interest rate risk. An examination of the size effect indicates that large banks are more likely to have lower values of credit risk, asset volatility, and deposit insurance premiums. 

1. Introduction

Ever since the pioneer work of Merton (1977) showing that deposit insurance can be modeled as a put option on the assets of insured institution, a lot of literature on pricing deposit insurance has been accumulated using this option framework. Progress has been seen in both the theoretical development in the estimation method and the empirical applications. As to the estimation method, the market-value-based approach developed by Ronn and Verma (1986) is extensively applied in the literature. Their method set up a two-equation system - one for the relation between the equity value and the bank’s asset value, and the other for the relation of the equity volatility and the asset volatility - to estimate the two unobserved variables in Merton’s pricing model - namely, the market value and volatility of assets. However, as shown in Duan (1994), the estimators of the Ronn-Verma method are statistically inconsistent, because their assumption of a constant equity volatility is incompatible with the nature of stochastic equity volatilities implied in Merton’s pricing model. Duan (1994) therefore introduces a maximum likelihood estimation (MLE) approach to deal with this problem by fully utilizing the distributional assumption in the specification of the theoretical model. 
The empirical estimation of the deposit insurance premiums for banks in Taiwan did not appear in the literature until the early 1990s.
 The fair pricing of the deposit insurance premium has been investigated by Yu and Hsu (1993) and Duan and Yu (1994). Yu and Hsu (1993) compute the premiums directly using the Ronn-Verma method. Duan and Yu (1994) estimate the deposit insurance value for a group of Taiwanese banks from 1985 to 1992 and find significant differences in the deposit insurance values estimated from the Ronn-Verma and MLE methods. Both studies conclude that Taiwan’s premium policy provides subsidies to financial institutions.
In the deposit insurance literature, a typical way to model the dynamics of the bank asset value is as a lognormal diffusion process. This modeling approach fails to explicitly take into account the impact of stochastic interest rates on the asset value. This shortcoming is particularly important for modeling a bank’s asset value, because it is common for banks to hold a large portion of interest-rate-sensitive assets. Duan, Moreau, and Sealey (DMS) (1995) are the first to incorporate the dimension of the stochastic interest rate into the pricing of deposit insurance. However, the DMS method suffers the same inconsistent problem embedded in the Ronn-Verma method. To solve the inconsistent problem, Duan and Simonato (2002) apply the two-step MLE approach to the DMS model. According to their empirical results for a group of U.S. banks, the deposit insurance premiums using a maximum likelihood estimation are much higher than those using the modified Ronn-Verma method. Moreover, their Monte Carlo simulation supports the performance of the MLE method. 
In order to measure the effect of the interest rate risk on valuing deposit insurance in Taiwan, we intend to adopt the DMS deposit-insurance model and estimate the premiums using the two-step MLE procedure to measure the deposit insurance premiums with stochastic interest rates. We then compare our estimates with alternative methods and previous results.  

The structure of the paper is as follows. Section 2 reviews the DMS (1995) model for our empirical framework. The two-step MLE procedure and the description of the data are presented in Section 3. Section 4 presents the empirical findings and the discussion of the results. The final section concludes this study by a brief summary of our major findings. 

2. Model

As the purpose of this study is to reexamine the deposit insurance premium with the consideration of the interest rate risk for Taiwanese banks, our model is based on the framework developed in DMS (1995). DMS extend Merton (1977) and Ronn and Verma (1986) to incorporate stochastic interest rates into the deposit insurance pricing model by generalizing Ronn and Verma’s two-equation system into a three-equation structure via dividing the second equation into two separate equations in order to capture interest rate risk. 

The instantaneous interest rate is assumed to follow the mean-reverting stochastic process as in Vasicek (1977) and can be expressed as:
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where 
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 is the instantaneous spot rate at time t, 
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 is the long-run mean of the instantaneous spot rate, 
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    As to the bank’s assets, they are assumed to be characterized by a log-normal process as the following:
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where 
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 represents the value of bank assets at time t, 
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 respectively denote the instantaneous expected return and the volatility of the return on bank assets, and 
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The volatility of the assets of a depository institution, 
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, is decomposed into two parts - the interest rate risk and the credit risk as the following:
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where 
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 is the instantaneous interest rate elasticity of the assets, and 
[image: image15.wmf]u

h

s

f

/

V

V

º

. We define 
[image: image16.wmf]y

 to be the volatility of assets that is orthogonal to the interest rate and 
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Because the parameter 
[image: image22.wmf]V

s

 cannot be observed directly, DMS (1995) derive the following two equations for the observable variable:  bank’s equity return, denoted by Qt as the substitutes. 
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and 
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where 
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 is the volatility of return on equity, 
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, which denotes the negative of the instantaneous interest rate elasticity of the default-free zero-coupon bond. As shown in Vasicek (1977), given the assumption of a constant risk premium , the price of a zero-coupon bond with $1 face value and T-t periods of maturity,
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where



[image: image30.wmf]ú

û

ù

ê

ë

é

-

-

-

-

º

q

T

t

B

v

t

T

t

T

B

T

t

A

4

)

,

(

))

(

)

(

(

exp

)

,

(

2

2

f

,



[image: image31.wmf]2

2

2

q

v

q

v

m

-

+

º

l

f

.

Let the face value of insured deposits be F. Since the deposits are insured, the full obligation to the depositors at time T is 
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, where R is the fixed and continuously compounded rate of return on these deposits. We can relate the equity value, 
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where 
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Based on the stochastic process specification for the instantaneous interest rate (equation (1)) and for the bank’s assets (equation (2)), it can be shown that the market value of deposit insurance premium per dollar of insured deposits at time t, 
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, is given by: 
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By solving the simultaneous system of Equations (4), (5), and (7), we can obtain the values of 
[image: image41.wmf]V

f

, 
[image: image42.wmf]y

, and 
[image: image43.wmf]t

V
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3. Estimation Procedure and Data

3.1 MLE for Vasicek’s Term Structure Model 

The log-likelihood function of the instantaneous spot rate of Vasicek (1977) as shown in equation (1) is developed in Duan (1994) as follows:
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where 
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 is unobservable and therefore the likelihood function shown in equation (9) cannot be applied. Given that the price of a zero-coupon bond with $1 face value and a maturity of T-t period is specified as equation (6), at a certain period of time t, the continuously compounded interest rate on the zero-coupon bond with maturity T-t, 
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where 
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The transformation from unobservable 
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where 
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3.2 Two-Step MLE for the Deposit Insurance Premiums

D&S (2002) develops a MLE procedure to estimate the three-equation system of DMS (1995) in order to avoid the inconsistency problem due to confusing the parameters with random variables. This MLE procedure is briefly described as below.
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 is a multivariate normal distribution (D&S (2002), p. 115), and therefore we can derive an expression for the likelihood function of 
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where 
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Given this likelihood function it seems straight forward to estimate the parameter values in 
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 and then substitute these estimates into equation (8) to solve for the deposit insurance premium It. However, there are two issues for directly applying the likelihood function of equation (12) to obtain the parameter estimates. First, Equation (12) is specified for a single bank only. If there is more than one bank, then this likelihood function should be expanded for joint estimation. This will become in- practically complex as the number of banks grows. Second, the time structure effect of the interest rate is a long-run phenomenon, as Vasicek’s mean-reverting process for the interest rate suggests that it usually takes a long time for the interest rate to return to its mean level. On the contrary, the movement of asset value (and the movement of equity value) changes rapidly, or in other words, it is a short-run phenomenon and should be captured in a short period of time. Therefore, it is inappropriate to set the same time horizon for estimating parameters of the bond pricing model to capture the mean reversion in the interest rate and for estimating the equity valuation function to yield the volatility parameters. 
D&S (2002) proposes a two-step estimation procedure to deal with these problems. The first step is to estimate the interest rate parameters only, which is similar to the approach in Duan (1994). The second step is to estimate the equity valuation parameters in Equation (12) taking the interest rate parameters obtained in the first step as given. This two-step estimation procedure not only produces consistent estimators, but also allows for setting different time horizons in the estimation of the interest rate parameters and the parameters of the bank’s equity value function.
In sum, our estimation procedure can be described as a two-step maximum likelihood approach. The first step estimates the interest rate parameters for each year using daily commercial paper observations during the ten-year preceding period. A set of ten-year interest rate data is used in order to capture the long-run mean-reverting characteristics. For example, the daily observations of 1982 to 1991 are taken to obtain the interest rate parameters of 1991. The same procedure is run to yield interest rate parameters for each year from 1991 through 2002. Hence, we have twelve sets of interest rate parameter estimates. 
The second step estimates equity valuation parameters of the objective year with the interest rate parameters treated as given - that is, in the second step the interest rate parameters are set at the values calculated from the first step, and then the equity valuation parameters are obtained based on the data of daily equity and quarterly updated debt observations for each bank at each available year. This procedure is repeated twelve times for each bank at the available years in our sample period.  

3.3 Data

The sample in this study includes twenty-eight banks chosen from domestic CDIC-insured financial institutions in Taiwan. These sample banks are all listed in the TSE and therefore their daily stock return data are available. Their listed codes in the TSE are 2801, 2802, 2803, 2806, 2807, 2808, 2809, 2811, 2812, 2815, 2824, 2826, 2828, 2829, 2830, 2831, 2834, 2836, 2837, 2838, 2839, 2840, 2842, 2843, 2844, 2845, 2847, and 2849.
The daily stock return and the quarterly equity and debt data of balance sheets are from the TEJ database. These observations span from 1991 to 2002. The dividend-adjusted market value of equity is measured by multiplying the daily price with the common shares outstanding. The debt is updated quarterly according to the quarterly balance sheet. 

Because the purpose of this study is to examine the deposit insurance premium, it would be better to construct a debt series including the deposits only. However, the TEJ database did not record the detailed data of deposits until recent years, and as such it is impossible to construct a complete debt series for total deposits for our entire sample period. Therefore, the debt variable is defined to be total debt from the balance sheets in our debt series. One advantage of using the total debt information is that historically all debts, insured and uninsured, are treated the same when banks fail. 

The interest rate data used in this study are drawn from the three-month commercial paper collected from the TEJ database. The daily observations of the primary 90-day commercial paper are drawn for years from 1982 to 2002 to estimate the interest rate parameters.
4. Results and Discussion

4.1 Interest Rate
The estimation results of the interest rate parameters from the first step are reported in Table 1. The estimates of the long-run mean 
[image: image89.wmf]m

 based on a 10-year sample period are all significant for the years from 1991 to 2002. This estimate increases gradually from 0.686 in 1991 to the maximum of 0.808 in 1997. It then reduces at a faster rate from 0.808 to the minimum of 0.0498 in 2002. This inverse U shape of a first increasing pattern and then a decreasing pattern is also shown in the estimated values for the volatility parameter 
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. The maximum value of estimates for 
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 is 0.0513 for the year 1997 and the minimum value occurs at 0.0282 for the year 2002.
    The estimates of the mean-reverting force parameter 
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 vary a great deal from the minimum of 0.4597 in 1991 to the maximum of 1.8930 in 2000. This greater variation in the estimation results for 
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 is similar to those found in D&S (2002).  Moreover, there is no clear pattern for the changes in the estimated values of 
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.  Finally, the estimates of risk premium 
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 are all insignificant with an undetermined sign.
4.2 Deposit Insurance Premium
The second step maximum likelihood estimation results of the deposit insurance premium are presented in Tables 2 and 3. Table 2 reports the results for one specific bank - the First Commercial Bank. We also estimate the deposit insurance premium without the consideration of the interest rate risk as in Duan and Yu (1994) and the results are presented in the lower panel of Table 2. The estimated values of the deposit insurance premium for this specific bank vary from the minimum of 0.0397 for 1996 to the maximum of 120.7303 for the year 2000. The two-step maximum likelihood estimated deposit insurance premium for each year is higher than the premiums estimated in Duan and Yu (1994). This result is intuitively plausible as the two-step MLE approach include the interest rate risk while Duan and Yu do not consider the interest rate risk in their model.

In order to have a general idea about the results of all the banks in our sample, the value-weighted averages of the estimation results for the 28 banks in our study are reported in Table 3. We also estimate the deposit insurance premium based on DMS’s (1995) method and Duan and Yu’s (1994) approach for comparison. These estimation results are all reported in Table 3. The value-weighted average of the two-step maximum likelihood estimates of the deposit insurance premium, denoted by IPPmle in Table 3, ranges from 5.0125 to 396.9562. It is plausible to have such a big variation in the estimated values of the deposit insurance premium given the volatile market risk. These value-weighted average estimates are all much higher than the flat-rate assessments at 1.5 basis points from 1997 to 1999 and the three-level flat-rate premiums (5, 5.5, and 6 basis points) charged by CDID from 2000 onwards. 

Table 3 also reports the year-end market value of equity (denoted by Equity), the year-end book value of debt (denoted by Debt) and the ratio of Equity and Debt (denoted by E/D). According to Table 3, the E/D ratio and the value of assets have a positive relationship. Since the equity is viewed as a call option on the value of assets in which the strike price is its debt value, the inputs of equity and debt value through a proper transformation can yield the estimates of the asset values and volatility, and then can be used to calculate the deposit insurance premiums. In addition, the E/D ratio and the insurance premium are negatively related since the asset values and volatility are the inputs of the deposit insurance premium through their put-option relationship. As the equity is calculated by multiplying the stock price with the outstanding common shares, the denominator of the E/D ratio is highly positively related to the weighted stock market index and the weighted bank stock index.

The result of the two-step MLE approach shows that the maximum likelihood estimates of instantaneous expected return on assets, 
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, are statistically insignificant with un-determined signs. The estimates of credit risk, 
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, are significant and positive. All the estimates of the interest rate elasticity of a bank’s assets, 
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, are negative. This finding is consistent with the negative relationship between the interest rate and the asset value. The estimates of the bank asset value, 
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, and the value of insurance premium per dollar of insured deposits, 
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, are significant. A larger estimate of 
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 is not necessary to predict a smaller estimate of 
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 as shown in Table 3. This is because the determinants of 
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 include not only 
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, but also the estimates of volatility, 
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 and 
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The estimates of the bank asset value, 
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V

, are higher than the book value of debts. However, they are smaller than the sum of the book value of debts and the market value of equity. Their differences are 20169, 17170, 16990, 17503, 18221, 15990, 17555, 19537, 20568, 31238, 28196, and 42857 million dollars (NT$) from 1991 through 2002 respectively. 

From the results of the modified Ronn-Verma method, the estimates of credit risk of the non-MLE method, 
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y

, are smaller than those of the two-step MLE method, 
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, which explains for the vast difference between their estimated deposit insurance premiums. The deposit insurance premiums of the modified Ronn-Verma method are highly under-estimated. This finding is similar to that of D&S (2002) for ten U.S. banks. Both the empirical studies of Duan and Yu (1994) for Taiwanese banks and D&S (2002) for the U.S. banks point out that the modified Ronn-Verma method seriously underestimates the insurance premium, because of the problems of inconsistency and asymptotic inefficiency. In other words, our findings provide further evidence to support the arguments in Duan and Yu (1994) and D&S (2002).

According to the results estimated based on the MLE of the Ronn-Verma method, the maximum likelihood estimates of instantaneous expected return on assets without considering the stochastic interest rate, 
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, are not significant, and neither are those of 
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. The Ronn-Verma method takes the volatility as a whole, whereas the modified Ronn-Verma method decomposes the volatility into two parts. Hence, the estimates of asset value differ between these two methods. The estimates of asset value based on the Ronn-Verma method are higher than those estimated from the modified Ronn-Verma. 

Comparing the results of the two-step MLE for the deposit insurance premium with those obtained from the modified Ronn-Verma method (denoted by IPPmrv) and Duan and Yu’s approach (denoted by IPPDY), it is found that the two-step MLE yields much higher deposit insurance premium estimates than IPPmrv, while the two-step MLE and Duan and Yu’s approach have much closer estimation results. These results imply that the under-estimation issue due to the problem of statistical inconsistency and efficiency is more serious than the exclusion of the interest rate risk. Moreover, IPPmle is somewhat larger than IPPDY in every year except for the years of 1991, 1996, 1997 and 1998. According to D&S (2002), the two-step MLE procedure yields higher values of the deposit insurance premium, because of the larger estimates of the credit risk and the lower estimated values for banks’ assets than the corresponding book values of debts.

The volatility of assets is divided into two parts:  interest-rate risk and credit risk - and their relation can be expressed as 
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. The estimation results in Table 3 suggest that neither the interest rate risk nor the credit risk dominates in explaining the volatility of asset values. These two components jointly affect the volatility of asset values.

4.3 Size Effect
In order to examine whether bank size has any implication in determining the deposit insurance premium, we further classify our samples into three categories
 and conduct the second-step estimation procedure to investigate the size effect on the deposit insurance premium. 

Table 4 presents the estimation results of the subsamples for large, medium, and small banks, respectively. Panel A presents the results based on Duan and Yu’s method (1994) which treats the total asset risk as a whole, and Panel B reports the results based on the two-step MLE method which includes the interest rate risk as well as the asset risk. As shown in Panel A, the estimates of total risk, 
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, decease as the firm size grows. The estimates of 
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 are in general the largest for small banks and the smallest for large banks. 
The estimates of the deposit insurance premium for the large banks are smaller than the estimates of medium banks for all sample periods except for the year 1992. However, there is no consistent pattern of the difference in the estimates of the deposit insurance premium between medium banks and small banks. Comparing the large bank group with the small bank group, the estimates of insurance premium for large banks are smaller than those of the small banks except for 1991. In other words, large banks tend to have smaller estimates of the deposit insurance premium due to their relatively smaller estimates of total risk.   

According to Panel B, all the estimates of credit risk, 
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, are smaller for the large banks than that for the small banks. However, there is no unanimous direction of pattern both between the large and medium banks and between the medium and small banks.

As for the estimates of interest rate elasticity of bank assets, 
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f

, the absolute value of estimates is smaller for the large banks than that for the medium banks, and the absolute value of estimates is smaller for the medium banks than that for the small banks. The absolute value of the estimates for the interest rate elasticity of bank assets, in general, decreases with banks. Larger banks have smaller interest rate responses. 

Given that large banks tend to have smaller credit risk and smaller absolute value of interest rate elasticity of bank assets, their estimated deposit insurance premium, IPPmle, is smaller than that for the medium and small banks except for a few years.  However, there is no apparent clear-cut difference in the estimated deposit insurance premium between medium and small banks. In sum, both Panel A and Panel B show the risks are lower for large banks, and therefore the estimated deposit insurance premiums are smaller for them. 

Based on the estimation results of this study, the current risk-based premiums of 5, 5.5, and 6 basis points are too low and are not proportional to the risks of the insured banks. These under-priced premiums as well as not being able to close down undercapitalized banks promptly together may encourage insured banks to take excessive risk, which destabilizes the deposit insurance scheme and the banking system. The regulators should at least enhance the supervision to contain their risk exposure and charge risk-based premiums according to their economic risk exposure measured by market-based data.

5. Conclusion
This study applies the two-step maximum likelihood estimation approach derived in D&S (2002) to estimate the interest rate and equity pricing parameters, which are then used to measure the deposit insurance premiums for banks in Taiwan. The first step of our empirical procedure is to estimate the interest rate parameters by MLE based on the Vasicek term structure model. The interest rate parameters are brought into the full-information likelihood function as fixed in the second step to estimate the equity pricing parameters. The deposit insurance premium is calculated through the option relationship between the bank asset values and the deposit insurance premium. This two-step MLE method can solve the inconsistent and asymptotic inefficient problems of the DMS (1995) method

Our empirical results indicate that the present premiums set up by the CDIC - 5, 5.5, and 6 basis points - are too low and are not proportional to the risks of the insured banks. The bank characteristic of market value of equity to book value of debts ratio is positively related with the asset value and negatively related with the deposit insurance premium. Moreover, the weighted stock market index and the weighted bank stock index have a positive relation with the market value of equity to book value of debts ratio.

The two-step maximum likelihood estimates of deposit insurance premiums are much higher than those estimated from the modified Ronn-Verma method after solving the simultaneous equations directly. This is due to higher values of credit risk estimated from the former method. This finding coincides with that of Duan and Yu (1994) and D&S (2002). A comparison of the results among the two-step MLE approach, the modified Ronn-Verma method, and Duan and Yu’s (1994) procedure further implies that the under-estimation issue of the deposit insurance premium due to the problem of statistical inconsistency and inefficiency is more serious than that caused by the exclusion of the interest rate risk.
After classifying the sample banks by their size to investigate the size effect on the deposit insurance premium, it is found that small banks have higher estimates of credit risk, asset volatility, and deposit insurance premiums. On the contrary, the large banks have smaller estimates of credit risk, asset volatility, and deposit insurance premiums. In sum, this study estimates deposit insurance premiums with incorporation of the interest rate risk and provides further evidence that there is a serious underestimation of the deposit insurance premium due to the problems of inconsistency and asymptotic inefficiency in the Ronn-Verma method. 
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Table 1.  Estimation Results of the Interest Rate Parameters

Vasicek (1977) assumes the instantaneous spot rate follows a mean-reverting process: 
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 denotes the risk premium.

	Parameters
	1982-1991
	1983-1992
	1984-1993
	1985-1994
	1986-1995
	1987-1996
	1988-1997
	1989-1998
	1990-1999
	1991-2000
	1992-2001
	1993-2002
	1982-2002

	m
	0.0686 
	0.0724 
	0.0706 
	0.0739 
	0.0749 
	0.0758 
	0.0808 
	0.0784 
	0.0715 
	0.0678 
	0.0608 
	0.0498 
	0.0603 

	
	(0.0327)
	(0.0236)
	(0.0239)
	(0.0235)
	(0.0216)
	(0.0179)
	(0.0123)
	(0.0112)
	(0.0120)
	(0.0078)
	(0.0140)
	(0.0252)
	(0.0187)

	q
	0.4597 
	0.6408 
	0.6409 
	0.6726 
	0.7602 
	0.9162 
	1.4440 
	1.6239 
	1.3557 
	1.8930 
	1.0678 
	0.6554 
	0.4625 

	
	(0.3227)
	(0.3431)
	(0.3449)
	(0.3699)
	(0.3841)
	(0.3877)
	(0.4394)
	(0.4634)
	(0.4526)
	(0.6946)
	(0.5822)
	(0.4952)
	(0.2068)

	v
	0.0429 
	0.0446 
	0.0448 
	0.0468 
	0.0481 
	0.0469 
	0.0513 
	0.0501 
	0.0428 
	0.0374 
	0.0328 
	0.0282 
	0.0348 

	
	(0.0018)
	(0.0019)
	(0.0019)
	(0.0022)
	(0.0023)
	(0.0022)
	(0.0027)
	(0.0028)
	(0.0023)
	(0.0030)
	(0.0023)
	(0.0017)
	(0.0009)

	λ
	0.0140 
	0.0060 
	-0.0109 
	-0.0467 
	-0.1004 
	0.0583 
	0.0860 
	0.3575 
	0.3361 
	0.4001 
	0.4380 
	0.3581 
	0.1834

	
	(0.5486)
	(0.5360)
	(0.5407)
	(0.5357)
	(0.5448)
	(0.5512)
	(0.5522)
	(0.5589)
	(0.5523)
	(0.5500)
	(0.5419)
	(0.5410)
	(0.3811)


Table 2.  Estimation Results for the First Commercial Bank

Equity is the year-end market value of shareholders’ equity and Debt is the year-end total debt from the quarterly balance sheet obtained from the TEJ database. Equity and debt are in million NT$. E/D is the ratio of Equity over Debt. 
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 is the two-step MLE estimate of instantaneous expected return on assets. 
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 is the two-step MLE estimate of credit risk. 
[image: image126.wmf]mle

f

 is the two-step MLE estimate of interest rate elasticity of assets. 
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 is the two-step MLE estimate of year-end assets. 
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 is the two-step MLE estimate of the insurance premium per dollar of insured deposits in basis points. 
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 are the solutions of the modified Ronn-Verma method (with interest rate risk). 
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 are estimated from the MLE of the Ronn-Verma method as in Duan and Yu (1994). The standard errors are shown in parentheses. 

	Year end
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Equity
	118973
	84206
	216530
	263846
	181535
	302862
	246303
	141624
	128036
	75110
	82547
	87897

	Debt
	767118
	719899
	808414
	811526
	835293
	888069
	977003
	1024201
	1096443
	1147297
	1192000
	1252581

	E/D
	0.1551
	0.1170
	0.2678
	0.3251
	0.2173
	0.3410
	0.2521
	0.1383
	0.1168
	0.0655
	0.0693
	0.0702

	Two-Step Maximum Likelihood Estimation Results

	Year end
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
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	0.0048
	-0.0706
	0.2113
	0.0291
	-0.0368
	0.1489
	0.0372
	-0.0391
	0.0309
	0.0005
	0.0331
	0.0088

	
	(0.1017)
	(0.1223)
	(0.1363)
	(0.1133)
	(0.0731)
	(0.0911)
	(0.1293)
	(0.0841)
	(0.0830)
	(0.0796)
	(0.0610)
	(0.0687)
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	0.0960
	0.0741
	0.0958
	0.1024
	0.0631
	0.0755
	0.1127
	0.0689
	0.0628
	0.0595
	0.0418
	0.0468

	
	(0.0037)
	(0.0035)
	(0.0036)
	(0.0035)
	(0.0020)
	(0.0017)
	(0.0041)
	(0.0021)
	(0.0027)
	(0.0020)
	(0.0015)
	(0.0021)
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	-0.5409
	-0.5379
	-0.7004
	-0.4023
	-0.6237
	-0.3885
	-0.3194
	-0.1680
	-0.5214
	-0.4951
	-0.4724
	-0.6991

	
	(0.3057)
	(0.1805)
	(0.4162)
	(0.3203)
	(0.2377)
	(0.1830)
	(0.1664)
	(0.3478)
	(0.2930)
	(0.3829)
	(0.0967)
	(0.2685)
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	860858
	780860
	1000523
	1050957
	991754
	1164288
	1193079
	1134293
	1190484
	1182313
	1237627
	1300818

	
	(400)
	(385)
	(74)
	(25)
	(7)
	(0)
	(226)
	(142)
	(254)
	(460)
	(222)
	(493)
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	58.1601
	55.0445
	5.3707
	2.2540
	0.8850
	0.0397
	19.2049
	23.1253
	30.7240
	120.7303
	44.3697
	59.7137

	
	(8.1812)
	(9.2860)
	(1.9328)
	(0.6786)
	(0.3335)
	(0.0137)
	(3.9380)
	(2.9650)
	(4.9364)
	(6.2641)
	(4.7320)
	(8.3119)

	MLE of the Ronn-Verma Method, Duan & Yu (1994)

	Year end
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
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	0.0001
	-0.0803
	0.2211
	0.0152
	-0.0275
	0.1569
	0.0279
	-0.0320
	0.0479
	0.0039
	0.0608
	0.0298

	
	(0.1119)
	(0.0530)
	(0.1579)
	(0.0957)
	(0.0699)
	(0.0928)
	(0.1359)
	(0.0999)
	(0.0845)
	(0.1092)
	(0.0879)
	(0.0577)
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	0.1048
	0.0498
	0.1077
	0.0944
	0.0653
	0.0800
	0.1145
	0.0755
	0.0688
	0.0742
	0.0562
	0.0444

	
	(0.0030)
	(0.0011)
	(0.0013)
	(0.0029)
	(0.0016)
	(0.0013)
	(0.0019)
	(0.0012)
	(0.0018)
	(0.0011)
	(0.0011)
	(0.0009)

	
[image: image144.wmf]DY

V


	882469
	803928
	1024464
	1075336
	1016806
	1190928
	1222109
	1164310
	1222552
	1210362
	1270060
	1338793

	
	(445)
	(30)
	(42)
	(13)
	(6)
	(1)
	(126)
	(128)
	(247)
	(534)
	(332)
	(155)
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	47.2174
	2.4675
	5.9447
	0.4433
	0.2633
	0.0273
	12.2447
	14.7955
	17.5799
	104.9920
	37.6452
	13.4592

	
	(5.7990)
	(0.4108)
	(0.5203)
	(0.1560)
	(0.0744)
	(0.0073)
	(1.2893)
	(1.2504)
	(2.2502)
	(4.6524)
	(2.7881)
	(1.2401)


Table 3.  Estimation Results of the Deposit Insurance Pricing Model
Equity is the year-end market value of shareholders’ equity and Debt is the year-end total debt from the quarterly balance sheet obtained from the TEJ database. Equity and debt are in million NT$. E/D is the ratio of Equity over Debt. 
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 is the two-step MLE estimate of instantaneous expected return on assets. 
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[image: image148.wmf]mle

f

 is the two-step MLE estimate of interest rate elasticity of assets. 
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 is the two-step MLE estimate of year-end assets. 
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 is the two-step MLE estimate of the insurance premium per dollar of insured deposits in basis points. 
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 are the solutions of the modified Ronn-Verma method (with interest rate risk). 
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 are estimated from the MLE of the Ronn-Verma method as in Duan and Yu (1994). The standard errors are shown in parentheses. 

	Year end
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Equity
	111133 
	68884 
	164753 
	208183 
	135684 
	167443 
	132923 
	72200 
	73069 
	47727 
	50051 
	50437 

	Debt
	591577 
	530772 
	561230 
	578402 
	600364 
	530395 
	544026 
	581093 
	611020 
	648430 
	689040 
	731614 

	E/D
	0.1879 
	0.1298 
	0.2936 
	0.3599 
	0.2260 
	0.3157 
	0.2443 
	0.1242 
	0.1196 
	0.0736 
	0.0726 
	0.0689 

	Two-Step Maximum Likelihood Estimation Results

	Year end
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
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	0.0290 
	-0.0235 
	0.2132 
	0.1081 
	-0.0272 
	0.1447 
	0.0700 
	-0.0161 
	0.0520 
	-0.0110 
	0.0387 
	0.0130 

	
	(0.1482)
	(0.1303)
	(0.1446)
	(0.1374)
	(0.1122)
	(0.1215)
	(0.1807)
	(0.1472)
	(0.1417)
	(0.1826)
	(0.1909)
	(0.2644)
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	0.1318 
	0.0864 
	0.1032 
	0.1177 
	0.0819 
	0.0882 
	0.1140 
	0.0780 
	0.0826 
	0.0947 
	0.0802 
	0.0972 

	
	(0.0049)
	(0.0038)
	(0.0038)
	(0.0040)
	(0.0027)
	(0.0024)
	(0.0040)
	(0.0020)
	(0.0033)
	(0.0030)
	(0.0038)
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	-0.5942 
	-0.5437 
	-0.6710 
	-0.4600 
	-0.6860 
	-0.4706 
	-0.3900 
	-0.2535 
	-0.5074 
	-0.4631 
	-0.4817 
	-0.8213 

	
	(0.3504)
	(0.2194)
	(0.3749)
	(0.2339)
	(0.3017)
	(0.2306)
	(0.2026)
	(0.4133)
	(0.3600)
	(0.4159)
	(0.3416)
	(0.9111)
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	682541 
	582486 
	708993 
	769082 
	717827 
	681848 
	659394 
	633756 
	663521 
	664919 
	710895 
	739194 

	
	(353)
	(283)
	(56)
	(43)
	(47)
	(10)
	(190)
	(204)
	(340)
	(718)
	(808)
	(2323)
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	70.9280 
	48.0653 
	5.0125 
	7.4044 
	16.3508 
	10.2450 
	65.0354 
	98.0546 
	120.7537 
	311.6521 
	245.1668 
	396.9562 

	
	(9.5399)
	(8.1635)
	(1.5731)
	(1.7792)
	(2.0295)
	(1.0192)
	(7.1751)
	(6.6884)
	(11.9247)
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	The Modified Ronn-Verma Method, DMS (1995)
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	MLE of the Ronn-Verma Method, Duan & Yu (1994)
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Table 4.  Size Effect on Deposit Insurance Premium


The sample banks are grouped into three categories by their size in order to examine the size effect on deposit insurance premium. Panel A reports the results estimated from the MLE of the Ronn-Verma method and Panel B presents the two-step MLE results. The results reported are the value-weighted average of each subsample. The portfolios of each subsample change every year, according to their asset values. The standard errors of estimates are in parentheses. 

Panel A: MLE of the Ronn-Verma Method 
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Panel B: Two-Step Maximum Likelihood Estimation Results
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� The Central Deposit Insurance Corporation (CDIC) of Taiwan was established in 1985. It was a voluntary plan at first, but became compulsory for all depository institutions in 1999. The CDIC charged a flat premium rate of 5 basis points (bps) in 1985 and 1986, 4 bps in 1987, and 1.5 bps in 1988 through 2000. A risk-based premium has been established since January 1, 2000, and the premium rates can be 5, 5.5, or 6 bps.


� The criteria to classify the size of our sample banks are:  A bank is classified as a large bank if its asset value is higher than NT$700 billion and a small bank if its asset value is lower than NT$100 billion at the end of 1991 and 1992. As for 1993, 1994, and 1995, a large bank is defined to have assets larger than NT$800 billion, and a small bank has assets lower than NT$150 billion. For the period of 1996-2002, a large bank has assets larger than NT$1,000 billion. A small bank has assets lower than NT$150 billion for 1996, NT$200 billion for 1997, NT$300 billion for 1998, and NT$350 billion for the period of 1999-2002. If a bank is neither a large nor a small one according to the above definition, then it will be classified as a medium bank. 
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