
	  
	  

A Cost Efficiency Analysis of Local Commercial Banks in Taiwan 

 

 

By 

 

Elaine Yiling Lin 

 

 

 

 

 

 

 

A Thesis Submitted in 

Partial Fulfillment of the 

Requirements for the Degree of 

 

 

Master of Science 

Applied Economics 

 

 

 

 

 

 

At 

 

 

The University of Wisconsin-Whitewater 

 



	  
	  

	  
	  

ii	  

Table of Contents 

 

Title Page ....................................................................................................................... i. 

Approval Page ............................................................................................................... ii. 

Table of Contents ........................................................................................................ iii. 

List of Tables & Figures .............................................................................................. iv. 

Abstract ......................................................................................................................... v. 

1.  Introduction ............................................................................................................. 1 

2.  Literature Review .................................................................................................... 2 

3.  Model Specification ................................................................................................ 5 

4.  Data Description ..................................................................................................... 7 

5.  Empirical Results .................................................................................................... 8 

6.  Conclusion ............................................................................................................ 10 

References .................................................................................................................... 13 

 

  



	  
	  

	  
	  

iii	  

List of Tables & Figures 

Table 1.  Herfindahl-Hirschman Index (HHI) of Taiwan’s banking ......................... 17 

Table 2.  Descriptive Statistics of Inputs and Output variables ................................. 18 

Table 3.  Empirical Results of Cost Efficiency Model with Fixed Effects ................ 19 

Table 4.  Cost Efficiency of Commercial banks with Banks Holding Companies 

(BHCs) ................................................................................................................ 20 

Table 5.  Cost Efficiency of Commercial banks with no BHCs ................................ 21 

Table 6.  Summary of Cost Efficiency Scores ........................................................... 21 

Figure 1.  Time-Varying Cost Efficiency Scores by Years ....................................... 22 

Figure 2.  Cost Efficiency of Local Commercial Banks with Quadratic Fit .............. 22 

Figure 3.  Time-Averaged Cost Efficiency Scores by BHCs-affiliated Banks .......... 23 

Figure 4.  Time-Averaged Cost Efficiency Scores by Individual Banks  ................. 23 

  



	  
	  

	  
	  

iv	  

 

A Cost Efficiency Analysis of Local Commercial Banks in Taiwan 

 

 

 

By 

 

 

Elaine Yiling Lin 

 

 

The University of Wisconsin-Whitewater, 2015 

Under the Supervision of Dr. Russell Kashian 

 

 

 

Abstract 

This study uses a Stochastic Frontier Analysis (SFA) model to evaluate the relative 

cost efficiency of each local commercial bank in Taiwan. The data was available 

through the website of Taiwan’s Banking Bureau and Financial Supervisory 

Commission (FSC). The main result of the SFA model indicates that the banks 

affiliated with bank holding companies (BHCs) have been increasingly efficient. 

However, unaffiliated banks have not been keeping pace in regards to efficiency. 

While this result is based on ownership structure, there are other results that find 

balance sheet and income statement composition also impact efficiency. For example, 

there is an increase in efficiency when the amount of loans increases, the price of 

capital increases, and there is an interaction between the prices of labor and capital.  
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I. Introduction 

In 1991, Taiwan relaxed the restrictions on private banks, allowing for new 

branches and expanded business services (Chang, 2000). Following this change, the 

economy of Taiwan grew rapidly relative to other Asian nations (Lee, 2002). In 

addition, Taiwan’s financial sector became more competitive and the number of 

financial institutions grew substantially. One measure of this competition is the 

Herfindahl–Hirschman Index (HHI). Between 1996 and 2007, the HHI fell for Assets, 

Loans and Deposits (Table 1). As a result, the market became more competitive 

during that time frame. This paper focuses on the subsequent growth and convergence 

in efficiency within the Taiwanese banking sector. It also identifies how ownership 

structure impacts efficiency. 

The early research into Taiwan’s bank efficiency begins with Kohers and Hung 

(2000) who analyzed 94 bank holding companies (BHCs) between 1991 and 1996. 

They found that banks affiliated with BHCs had higher profit efficiency and lower 

cost efficiency. Avkiran (1999) found no evidence that size (or a history of mergers) 

was a determinant of the operational efficiency of commercial banks.   

Note that Taiwan was not a major player in the 1997 Asian Financial Crisis and 

was disassociated from much (but not all) of its economic impact. However, Taiwan’s 

financial sector did witness some profit contraction in the early part of the 21st 

Century. As a result, the baseline research referenced above requires review due to the 

changes in Taiwan’s financial sector, which by 2001, had become saturated. In Table 

1, the HHI falls sharply from 1996 to 2001. At that point, it begins to rise, as markets 

became less competitive. These decreasing financial sector profits corresponded in 

time with rising unemployment and an economic recession. Subsequent to this 

financial turmoil, the economic environment benefited from internationalization, 
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improved access, and financial sector innovation. Today, Taiwan’s Financial 

Supervisory Commission (FSC) regulates the industry while encouraging efficiency 

and profitability. One of the ideals promoted in the 1991 regulatory reforms was the 

creation and expansion of local financial institutions with deep roots in their regional 

communities. These local institutions strive to be a major source of funds to small and 

medium enterprises (SMEs) in Taiwan.  

While not associated with efficiency research, Carter et al. (2004) found that 

small banking institutions had higher rates of return on small business loans than 

larger banking institutions. Yu (2007) and Hsu (2001) reviewed efficiency in light of 

international competition. They examined 36 local commercial banks and 27 foreign 

banks in Taiwan and found that foreign banks had a higher operating efficiency than 

local banks. Within this international research Yu (2007) found that banks with high 

nonperforming loan ratios are less efficient.  

The financial regulators of Taiwan, the FSC and Ministry of Economic Affairs 

(MEA), has been boosting the regional Taiwanese economy by building the 

relationship between regional banks and SMEs (FSC (2015) and MEA (2007)). The 

FSC has promoted these relationships as they are aware of the importance of regional 

financial institutions to the local economy. This study examines the cost efficiency 

scores of local banks in Taiwan during 2006 through 2014 via an efficiency 

measurement methodology.  

The rest of the paper is organized as follows: Section II provides a literature 

review, Section III presents the data and model specifications; Section IV displays 

empirical results; Section V concludes.  

 

II. Literature Review 
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This paper employs a Stochastic Frontier Analysis (SFA) model originally 

developed by Aigner, Lovell and Schmidt (1977) and Meeusen and Van denk Broeck 

(1977). The variables of input and output in the SFA model are of central interest in 

the context of efficiency measurement. In regards to the determination of an 

input/output model, this model is based on an intermediation approach.     

An intermediation model views the financial service institution (a commercial 

bank) as an intermediator of financial Services. The banks collect funds (primarily 

deposits and borrowed loans with the assistance of labor and capital) and transform 

these into loans and securities. The deposits are treated as inputs along with capital 

and labor; the volumes of earning assets (primarily loans) are defined as measures of 

output. The value of the stated inputs also considers the operational cost (primarily 

salary expenses) and interest expenses, which differentiates this approach from the 

production approach (Goddard et al., 2001).  

The alternative model (a production approach) models banks as a producer of 

services to depositors and borrowers. Traditional production factors (land, labor and 

capital) are used as inputs to produce desired outputs. This technique views banks as 

producers of loan and deposit services using capital and labor inputs. However, the 

production method requires service flow data (for example the number of 

transactions). The intermediation method uses aggregate data. Therefore, while the 

production approach is an accepted efficiency model, it is rarely employed for bank 

efficiency analysis due to data limitations.  

The advantage of each approach is a complement to the weakness of the other 

(Bergerand Humphrey, 1997). Considering the operational cost of banking, the 

production approach is more suitable for analyzing cost efficiency. In the case of 

controlling for the entire cost of banking, the intermediation approach is more suitable 
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because it takes interest expenses into account (Ferrier and Lovell, 1990). This study 

defines interest expenses, noninterest expenses, salary expenses, cost of borrowed 

funds, price of labor, and cost of physical capital as inputs, and the values of financial 

assets as output.   

Several studies have examined the different methodologies for analyzing the 

optimal frontier efficiency. With modern frontier efficiency methodologies, both Data 

Envelopment Analysis (DEA) and Stochastic Frontier Analysis (SFA) are regarded as 

appropriate for analyzing models of financial institutions’ performance.  

The DEA model, introduced by Farrell (1957), is a nonparametric approach that 

uses mathematical programming to identify the efficiency frontier (Sherman and Gold 

(1985), Ferrier and Lovell (1990), Wheelock and Wilson (1995), Berger and 

DeYoung (1997)). However, outliers in either the inputs or outputs can bias the 

results of DEA.  

The SFA model, simultaneously introduced by Aigner, Lovell and Schmidt 

(1977) and Meeusen and Van denk Broeck (1977), is a parametric approach, which 

separates noise from efficiency scores that use maximum likelihood econometric 

estimation under the model setting of all variables. More importantly, the SFA model 

takes the influence of the inefficiency term and random errors1 into account and 

executes a hypothesis test with no assumption that banks are efficient. The empirical 

result of the SFA model is less likely to be biased by error terms and extreme values. 

Furthermore, the SFA model is capable of estimating time-varying efficiency 

differences. Examples of how the SFA model is used can be seen in studies performed 

by Cuesta and Orea (2002), Weill (2004), Fries and Taci (2005), and Mohamad, 

Hassan and Bader (2008). In separate, independent studies, they used the SFA 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	   The	  random	  errors	  in	  the	  SFA	  model	  refer	  to	  the	  influence	  from	  natural	  causes,	  such	  as	  a	  
natural	  disaster.	   	   	  
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modeling approach to demonstrate efficiency scores for financial institutions.  

The SFA model is superior in distinguishing the relative efficiency of banks to 

one-another compared to the DEA model and, the result is less likely to be biased by 

errors and outliers. In addition, the SFA model has no assumptions in regards to banks 

efficiency. This research will therefore use the variables chosen from the 

intermediation approach for the SFA model to evaluate the relative cost efficiency of 

each local commercial bank and discuss possible reasons of low efficiency. 

 

III. Model Specification 

This study employed SFA, a well-established parametric approach, to evaluate 

the relative efficiency score of a set of peer banks via analyzing whether the 

enterprise makes full use of its resources. Consider a standard cost function of banks 

given the intermediation approach as seen in (1),  

𝑇𝐶!" = 𝑓 𝑌!" ,𝑃!" ∗ exp 𝜀!" 	   (1) 

where 𝑇𝐶!" is total costs for bank 𝑖 in year 𝑡, 𝑌 is the vector of outputs, 𝑃 is the 

vector of inputs, and 𝜀 is the error term. The assumption of the cost function has 

positive first derivatives with respect to the prices of inputs and outputs. Generally, in 

the cost efficiency analysis of an SFA model, the values of loans and securities owned 

by the bank can be viewed as the outputs, and the number of employees, salary 

expenses, and the values of physical capital and deposits as the inputs. The total costs 

(TC) are the sum of interest expenses and noninterest expenses minus salary 

expenses. 

The TC function follows the trans-log cost functions presented by Berger, Hasan 

and Zhou (2009) and Pessarossi and Weill (2013), 
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+𝛽! ln 𝑘!" ∗ ln 𝑤!" + 𝜀!"                                                     

           where 𝜀!" = 𝑢!" − 𝑣!" 

(2) 

where 𝛽! is a constant, 𝛽! is the coefficient of each independent variable, ln ∙  is 

the natural log, 𝑇𝐶!" is total costs for each bank 𝑖 in year 𝑡 which equals the sum 

of interest expenses and noninterest expenses minus salary expenses, 𝑟 is the cost of 

borrowed funds from the central bank and other banks which equals interest expense 

divided by deposits, 𝐹𝐴 is financial assets which equals the sum of securities and 

loans, 𝐿 is the value of loans, 𝑤 is the price of labor which equals salary expense 

divided by total assets, 𝑘 is cost of physical capital which equals noninterest expense 

minus salary with the total divided by total assets, 𝑢 is a random error term, and 𝑣 

is an inefficiency term subject to a normal distribution with population mean 0 and 

standard deviation 𝜎!. Transformations of data to assure homogeneity of variances is 

that the outputs and total costs are normalized by dividing through by total assets, and 

the inputs and total costs are normalized by dividing through by the cost of borrowed 

funds as in Berger, Hasan and Zhou (2009).  

According to Battese et al. (2000) and O’Donnell et al. (2007), the cost 

efficiency of each can be presented by the following equation: 

𝐶𝐸!" = exp −𝑢!"  (3) 
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In Equation (3), 𝐶𝐸!" is the cost efficiency score of bank 𝑖 in year 𝑡, which equals 

the exponent of the negative value of the inefficient error term 𝑢!". The value of 𝐶𝐸!" 

is between 0 and 1. The value of 𝐶𝐸!" equals 1 while the inefficiency error term 𝑢!" 

equals 0. That means the bank with 𝐶𝐸!" = 1 is the most efficient among its peer 

banks. On-the-other-hand, the nearer a bank is to a zero cost efficiency (𝐶𝐸!" = 0), 

the less efficient it is likely to be. 

 

IV. Data Description 

The data used in this study are the annual balance sheets and income statements 

from 28 local commercial banks out of 50 banks listed on the Taiwanese Banking 

Bureau website from 2006 to 2014. 22 out of the 50 potential banks are excluded 

from the study. 5 banks excluded due to mergers and acquisitions, as well as missing 

financial statements. Excluded banks include: ANZ Bank (Taiwan) Limited, Lucky 

Bank, The Medium Business Bank Of Kaoshsiung, Enterprise Bank of Hualien, and 

Taitung Business Bank. ANZ Bank has numerous missing values in the financial 

statements from 2006 to 2012. On January 1, 2007, Cathy United Bank merged with 

Luck Bank. On September 4, 2004, a senior bank, E. Sun Bank officially acquired 

The Medium Business Bank of Kaoshsiung and became the third largest bank in 

Taiwan. In May 2007, CTBC Bank purchased Enterprise Bank of Hualien, to broaden 

its operational scope. On June 8, 2007, ABN AMRO successfully acquired the 

troubled Taitung Business Bank. 17 of the 45 remaining banks have been excluded 

from the sample due to a lack of information, mostly price of labor. The input and 

output data was derived from the annual balance sheets and income statements filed 

by banks regulated by the FSC. The FSC published these reports online. The omitted 

data is unlikely systematically excluded, occurring randomly over the population of 
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banks being studied. 

Table 2 displays the descriptive statistics of the input and output variables across 

the 28 local commercial banks from 2006 through 2014. Note that the descriptive 

statistics in Table 2 indicate there are two distinctive characteristics. First, there exists 

a significant degree of sizing variation amongst banks. A detailed look at their 

balance sheets suggests that the differences between the minimum and the maximum 

values for most variables are extremely large. For example in 2009, among the local 

banks examined the maximum value in terms of total assets, Bank of Taiwan, was 

approximately 92 times the minimum, Bank of Taipei. In particular, the scales of 

banks with BHCs are larger than individual banks, i.e. banks with no BHCs. Second, 

in terms of various cost variables (such as the cost of borrowed funds, price of labor, 

and price of physical capital), the difference across banks are small. In general, the 

salary level of employees has been stable within banks, and differs only slightly 

across banks. The cost of borrowed funds and the price of physical capital apparently 

follow the market in the sense that there is little difference across banks.  

 

V. Empirical Results 

The models from section III use estimated using a standard OLS regression. The 

empirical results of the SFA model are seen in Table 3 and show the breakdown of 

factors contributing to cost inefficiency. The total cost of a bank would, on average, 

increase by 1.3183% if the loan amount increases by 1%. Similarly, a 1% increase in 

price of physical capital results, on average, in a total cost increase of 0.7285%. Also, 

a 1% increase in the interaction of price of labor and price of physical capital results 

in the total cost increasing by 0.0369%, this suggest the effect of price of physical 

capital on total costs is conditional upon the price of labor. On the other hand, there is 
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no evidence that the price of labor, the interaction of loans and either the price of 

labor or the price of physical capital show a relationship with total cost. Note that in 

the regression the Wald Chi-square test for the null hypothesis that the cost function 

exhibits constant returns to scale is rejected at a 1% significance level. To sum up, 

high prices of physical capital and high costs of loans both have significant positive 

impacts on bank’s overall cost efficiency. The negative effect of high prices of 

physical capital on cost efficiency increases when the price of labor is high.  

The relative cost efficiency scores are displayed in Tables 4 and 5, and the 

corresponding graphs are seen in Figures 3 and 4. From Tables 4 and 5, one 

take-away is that most banks with lower scores were not owed by BHCs. In particular, 

China Development Industrial Bank and King's Town Bank had the lowest cost 

efficiency scores. Both China Development Industrial Bank and King's Town Bank 

spent less on loans and salary expenses and more on interest expenses and 

non-interest expenses relative to size. The average cost efficiency score for banks 

with BHCs was slightly higher than the average cost efficiency score for banks with 

no BHCs. A detailed look suggests that the average amount of total assets for banks 

with BHCs was 13 percent higher than the average amount of total assets for banks 

with no BHCs. From Tables 4 and 5 and Figures 3 and 4, local individual banks 

mostly experienced sizable decreases in cost inefficiency from 2006 through 2014. It 

is worth noticing that local commercial banks with BHCs on average have been less 

volatile in terms of cost efficiency during 2006 through 2014. In contrast, banks with 

no BHCs (with the exception of China Development Industrial Bank) almost 

universally experienced a sharp decline in cost efficiency.  

The empirical results in Figures 1 and 2 demonstrate two important 

characteristics. First, the Taiwanese banking industry experienced a cost efficiency 
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decrease during the 2006 to 2014 period. The cost efficiency decrease is universal 

amongst both banks with BHCs and banks with no BHCs. A plausible explanation is 

that the Taiwanese economy was heavily influenced by the 2008 global financial 

crisis, which directly led to a cost efficiency decrease during the years afterwards. 

Second, with a quadratic regression analysis, banks with BHCs display a sharper and 

earlier increase in efficiency around 2008 compared to banks with no BHCs, and 

meanwhile show an earlier and more stable recovering trend during the post-crisis 

years. This is consistent with the structure of BHCs. Banks with BHCs are more 

connected to the national and global financial markets, thus are more exposed to 

financial market risks. As a result, shortly after 2008, banks with BHCs displayed a 

large cost efficiency rise. Also, during the 2010-2012 period, the cost efficiency of 

these banks stabilized as the Taiwanese economy slowly recovered. Afterwards the 

cost efficiency scores of banks with BHCs demonstrated a dramatically drop while 

the scores of banks with no BHCs continued rising. 

 

VI. Conclusion 

The Taiwanese government has been implementing financial liberalization in the 

banking industry for the past 30-40 years. The Taiwanese government has been 

actively promoting market competition in the banking industry. In particular, various 

privately owned commercial banks entered the market, which broke the oligopolistic 

structure of banking in Taiwan. Banking reform aimed to improve the operating 

efficiency of financial institutions and boost economic growth.  

This study explored the cost efficiency of local commercial banks of Taiwan 

from 2006 through 2014. The empirical results suggest that local banks affiliated with 

BHCs in Taiwan are more cost efficient than independent banks. Additionally, the 
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results show that local banks with lower borrowing costs were more cost efficient 

during the period examined.  

Here, it may be inferred that human capital in banking industry is defined as the 

efficiency of workers making use of physical capital (i.e. well-trained employees 

make banks more profitable). Lensink and Hermes (2004) also demonstrate that the 

quality of human capital in banks can be improved by investing in the training of 

employees. This, in turn, can contribute to transforming their inputs into more outputs. 

In short, investing in employee training programs will likely result in higher cost 

efficiency.  

Bank ownership by BHCs in Taiwan has three significant advantages, namely 

the choice of funding, capital management, and interaction with investors. In this 

study, we find empirical evidence that the cost efficiency of banks with BHCs 

recovered at a faster pace compared to other banks, during the years following the 

2008 financial crisis. The reason is three-fold: first, banks with BHCs were able to 

raise money through different channels when needed, such as issuing bonds or stocks, 

as well as borrowing from the central bank or other commercial banks; second, the 

scale of banks with BHCs is on average larger, which is beneficial when it comes to 

financing. In particular, larger banks are more likely to be able to perform centralized 

financing instead of decentralized financing, and adjust their capital adequacy ratio 

through transfers of assets; finally, banks with BHCs are more likely to attract 

attention from financial analysts and have a higher degree of global awareness. Banks 

with BHCs are also more flexible at designing customized financial tools for specific 

investors. All these factors explain the differences in cost efficiency trends between 

banks with BHCs and without. 

In conclusion, for the local commercial banks of Taiwan, the level of cost 
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efficiency and the stability of cost efficiency depend on multiple factors including, 

having multiple departments, a variety of financial tools to maintain capital adequacy, 

appropriate employee training programs, and others. For most commercial banks, 

having multiple departments increases the flexibility of allocation of financial assets 

within a bank, thus banks with more departments are likely to have a relatively more 

stable performance in terms of cost efficiency when facing financial challenges. 

Having a variety of financial tools to maintain capital adequacy and having 

appropriate employee training programs both also contribute to improved cost 

efficiency for Taiwanese banks. 
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Table 1. Herfindahl-Hirschman Index (HHI) of Taiwan’s banking 

 HHI 
Total Assets 

HHI 
Total Deposits 

HHI 
Total Loans 

1996 539.03 623.91 527.43 

1997 476.5 549.72 489.74 

1998 472.88 515.57 475.13 

1999 470.24 503.37 454.19 

2000 455.14 491.21 447.92 

2001 454.65 490.68 442.13 

2002 455.22 484.56 432.12 

2003 463.9 486.2 439.46 

2004 451 479.56 440.45 

2005 444.98 469.27 434.36 

2006 480.43 495.81 500.12 

2007 539.76 541.21 555.63 
Source: Liu (2011). 
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Table 2. Descriptive Statistics of Inputs and Output variables 

Variables Mean Std. Dev. Min Max 

Total costsa 39737.72  56078.48  461.00  523999.00  

Cost of borrowed fundsa 0.0151  0.0150  0.0046  0.1567  

Financial assetsa 692519.80  620454.00  25777.77  2526670.00  

Loansa 661126.40  592836.90  25653.00  2318023.00  

Price of labora 0.0057  0.0014  0.0027  0.0097  

Price of physical capitala 0.0324  0.0463  0.0036  0.4446  
a Unit: NTD one million 
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Table 3. Empirical Results of Cost Efficiency Model with Fixed Effects  

Dependent variable: 

 
𝐥𝐧

𝑻𝒐𝒕𝒂𝒍  𝑪𝒐𝒔𝒕𝒔
𝑪𝒐𝒔𝒕  𝒐𝒇  𝑩𝒐𝒓𝒓𝒐𝒘𝒆𝒅  𝑭𝒖𝒏𝒅𝒔 ∗ 𝑭𝒊𝒏𝒂𝒏𝒄𝒊𝒂𝒍  𝑨𝒔𝒔𝒆𝒕𝒔

 

 

 

Coefficients 

SC 

Standard Error 

 Frontier  

ㄅㄡ 

 

 𝐥𝐧
𝑳𝒐𝒂𝒏𝒔

𝑭𝒊𝒏𝒂𝒏𝒄𝒊𝒂𝒍  𝑨𝒔𝒔𝒆𝒕𝒔
a 

  1.3183*** 
 

   0.2145 
 

𝐥𝐧
𝑷𝒓𝒊𝒄𝒆  𝒐𝒇  𝑳𝒂𝒃𝒐𝒓

𝑪𝒐𝒔𝒕  𝒐𝒇  𝑩𝒐𝒓𝒓𝒐𝒘𝒆𝒅  𝑭𝒖𝒏𝒅𝒔
a	  

 -0.0094    
 

   0.0224 
 

𝐥𝐧
𝑷𝒓𝒊𝒄𝒆  𝒐𝒇  𝑪𝒂𝒑𝒊𝒕𝒂𝒍

𝑪𝒐𝒔𝒕  𝒐𝒇  𝑩𝒐𝒓𝒓𝒐𝒘𝒆𝒅  𝑭𝒖𝒏𝒅𝒔
a	  

  0.7285***    0.0237 

𝐥𝐧
𝑳𝒐𝒂𝒏𝒔

𝑭𝒊𝒏𝒂𝒏𝒄𝒊𝒂𝒍  𝑨𝒔𝒔𝒆𝒕𝒔

∗ 𝐥𝐧
𝑷𝒓𝒊𝒄𝒆  𝒐𝒇  𝑳𝒂𝒃𝒐𝒓

𝑪𝒐𝒔𝒕  𝒐𝒇  𝑩𝒐𝒓𝒓𝒐𝒘𝒆𝒅  𝑭𝒖𝒏𝒅𝒔
	  

  0.2398       0.2862 

𝐥𝐧
𝑳𝒐𝒂𝒏𝒔

𝑭𝒊𝒏𝒂𝒏𝒄𝒊𝒂𝒍  𝑨𝒔𝒔𝒆𝒕𝒔

∗ 𝐥𝐧
𝑷𝒓𝒊𝒄𝒆  𝒐𝒇  𝑪𝒂𝒑𝒊𝒕𝒂𝒍

𝑪𝒐𝒔𝒕  𝒐𝒇  𝑩𝒐𝒓𝒓𝒐𝒘𝒆𝒅  𝑭𝒖𝒏𝒅𝒔
	  

 -0.0595       0.1562 

𝐥𝐧
𝑷𝒓𝒊𝒄𝒆  𝒐𝒇  𝑳𝒂𝒃𝒐𝒓

𝑪𝒐𝒔𝒕  𝒐𝒇  𝑩𝒐𝒓𝒓𝒐𝒘𝒆𝒅  𝑭𝒖𝒏𝒅𝒔

∗ 𝐥𝐧
𝑷𝒓𝒊𝒄𝒆  𝒐𝒇  𝑪𝒂𝒑𝒊𝒕𝒂𝒍

𝑪𝒐𝒔𝒕  𝒐𝒇  𝑩𝒐𝒓𝒓𝒐𝒘𝒆𝒅  𝑭𝒖𝒏𝒅𝒔
	  

  0.0369**     0.0173 

Usigma   
 Constant  -5.3182***    0.2787 

Vsigma   

 Constant  -5.6830***    0.2177 

Number of Observations 239  
Number of Groups 28  

Wald Chi2 3547.44  
Log Likelihood 244.7763  
*** signifies the probability of a type I error as less than 0.01 
** signifies the probability of a type I error as between 0.01 and 0.05 
* signifies the probability of a type I error as between 0.05 and 0.1 
a the squared term of the variables all omitted due to collinearity 
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Table 4. Cost Efficiency of Commercial banks with BHCs 

Bank with BHCs Cost Efficiency 

ㄅㄡ   Mean Standard Deviation Frequency 
 Bank of SinoPac  0.9525 0.0133  9  
 Bank of Taiwan  0.9288 0.0593  8  
 Chang Hwa CB a 0.8060 0.0326  9  
 China Dev. b Industrial Bank 0.9361 0.2297  8  
 CTBC CB 0.9532 0.0114  7  
 E. SUN CB 0.9466 0.0284  9  
 First CB 0.9372 0.0345  9  
 Hua Nan CB 0.9431 0.0239  9  
 JihSun Intl.c CB 0.9501 0.0169  9  
 Mega Intl. CB 0.9402 0.0354  8  
 Shin Kong CB 0.9528 0.0132  8  
 Taipei Fubon CB 0.9447 0.0253  9  
 Taishin Intl. CB 0.9475 0.0214  9  
 Taiwan Cooperative Bank 0.9458 0.0255  9  
 Yuanta CB 0.9460 0.0253  9  
Total 0.9354 0.0397 

 
129 

a CB stands for Commercial Bank. 
b Dev. stands for Developed. 
c Intl. stands for International. 

 

 

 

 

 

 

 

 



21	  
	  

	  
	  

	  

Table 5. Cost Efficiency of Commercial banks with no BHCs 

Bank with no BHCs Cost Efficiency 

ㄅㄡ   Mean Standard Deviation Frequency 

 Bank of Kaosiung  0.9391 0.0334  9 

 Bank of Taipei 0.9289 0.0608  8 

 Entie CB a 0.9177 0.0682  9 

 Far Eastern Intl.b Bank 0.9488 0.0221  9 

 Hwatai Bank 0.9234 0.0469  8 

 King's Town Bank 0.8973 0.0800  9 

 Land Bank of Taiwan 0.9332 0.0481  9 

 Sunny Bank 0.9223 0.0466  9 

 Tachong Bank 0.9371 0.0290  9 

 Taichung CB 0.9509 0.0148  9 

 Taiwan Business Bank 0.9504 0.0181  9 

 Shanghai CSBc 0.9525 0.0129  5 

 Union Bank of Taiwan 0.9452 0.0333  8 
Total 0.9344 0.0396 110 
a CB stands for Commercial Bank. 
b Intl. stands for International. 
c CSB stands for Commercial and Savings Bank. 

 

 

 

Table 6. Summary of Cost Efficiency Scores 

Variable Obs Mean Std. Dev. Min Max 

Cost Efficiency Scores 239 0.9347 0.0592 0.4189 0.9864 
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Figure 1. Time-Varying Cost Efficiency Scores by Years 

 

 

Figure 2. Cost Efficiency of Local Commercial Banks with Quadratic Fit 
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Figure 3. Time-‐Averaged	  Cost	  Efficiency	  Scores	  by BHCs-affiliated Banks 

  

 

Figure 4. Time-‐Averaged	  Cost	  Efficiency	  Scores	  by Individual Banks 
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