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Abstract  This study measures cost efficiencies of 18 Chinese commercial banks, divided into the state-owned banks and 
the joint-stock banks, by the translog cost function based on stochastic frontier analysis (SFA), and proves that translog cost 
function is more suitable in this study than Cobb-Douglas cost function. The finding shows that there is an upward trend in 
the overall mean of cost efficiencies of both the state-owned banks and the joint-stock banks, and the cost efficiencies of the 
state-owned banks has improved greatly. Moreover, the cost efficiency gap between the state-owned banks and the 
joint-stock banks decreased, and the overall cost efficiency of 18 Chinese commercial banks increased. 
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1. Introduction 
As the Chinese government gradually opens their finance 

market to the outside world, many foreign financial 
institutions have entered the Chinese markets. Before China 
opened its finance market, Chinese commercial banks had a 
monopolistic position. Hence, the cost efficiencies of 
Chinese commercial banks have remained relatively poor. 
Faced with entry of foreign financial institution, Chinese 
commercial banks must work to maintain original market 
share. After the Chinese commercial banks became listed 
companies, the efficiencies of these banks have been vastly 
improved. Particularly, after the local banks became 
joint-stock banks, many famous financial institutions bought 
the significant shares of these banks and became the biggest 
shareholders. These famous financial setups not only 
brought adequate capital, but also introduced advanced 
managerial methods. Therefore, the efficiencies of these 
banks have improved to a large extent. However, there are 
still many problems that are having a negative effect on the 
cost efficiency of Chinese commercial banks. Since 2006, 
Chinese housing prices have started to rise, so the Chinese 
central bank raised deposit-reserve ratio 28 times during 
2006-2010. In addition, it continued to increase the interest 
rate of deposits and loans to curb the increase of housing 
prices. Because of these reasons, operating costs kept rising. 
Hence, it is vital to effectively manage and improve the cost 
efficiency for the Chinese commercial banks. 

This paper consists of six sections as outlined below: 
Section 2 will introduce existing studies. Section 3 
introduces translog function of cost efficiency. Section 4  
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shows sample data used in this paper. Furthermore, 
estimated results are illustrated in section 5, including cost 
efficiencies and the estimated values of the translog function 
of cost efficiency. Section 6 contains concluding remarks. 

2. Literature Review 
Fu and Heffernan (2007) [1] employs the stochastic 

frontier approach (SFA) to investigates the cost X-efficiency 
in the Chinese banking sector over the period of 1985-2002, 
and identifies the significant variables influencing 
X-efficiency. The results show that banks are operating 
40-60% below the X-efficiency frontier, and the joint-stock 
banks are more X-efficient than the state-owned banks. Shen 
and Chen (2010) [2] re-investigates the Taiwanese bank cost 
efficiency by a combination of two strands of literature. 
Jiang, Yao, and Zhang (2009) [3] applies the stochastic 
distance function approach to examine the technical 
efficiency of bank, and differentiates the static, selection and 
dynamic governance effects on bank efficiency from 1995 to 
2005. The results show that bank efficiency has improved, 
and joint-stock ownership is associated with better 
performance in terms of profitability than the 
state-ownership. Dong, Hamilton, and Tippett (2013) [4] 
estimate cost efficiency and economies of scale based on an 
unbalanced panel data set of Chinese banks during the 
period 1994-2007, and findings reports that moderate 
consistency between parametric and non-parametric frontier 
methods in efficiency scores rankings, identification of best 
and worst practise banks, the stability of efficiency scores 
over time and correlation between frontier efficiency and 
accounting based performance measures. Akkaya (2013) [5] 
analyses by SFA with four different estimators how cost 
efficiency in Swedish financial enterprises has changed 
since the banking crisis in 1993, and findings show that the 
other mortgage institution are more efficient than other 
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financial enterprises. In addition, other credit market 
companies are less inefficient than other financial 
enterprises. Bhattacharyya and Pal (2013) [6] estimate 
technical efficiency of Indian commercial banks from 1989 
to 2009, using a multiple-output generalized stochastic 
production frontier and analyse the effects of financial 
reforms on estimated efficiency. The results show that 
Indian commercial banks were operating with 64% 
efficiency on average and declined consistently before 
increasing towards the end of the sample period. 

3. Methodology 
This paper applies stochastic frontier approach to measure 

cost efficiency of 18 Chinese commercial banks. Schmidt 
and Lovell (1979) [7] reported in their study that the 
log-likelihood of the cost frontier is the same as that of the 
production frontier, except for a few sign changes. The 
log-likelihood functions for the cost function analogues of 
the Battese and Coelli (1995) [8] models were also found to 
be obtained by making a few simple sign changes, hence 
referring to frontier production function, the cost model can 
be defined [9] 

ln( ) , 1, 2,..., .i i iC x u i Nβ= + =         (1) 

Where ln(Ci) is the logarithm of the cost for the i-th firm; 
xi is a (K+1) vector of the input prices and output of the 

i-th firm; 
,

0 1( , ,..., )kβ β β β=  is a (K+1) column vector of 
unknown parameters to be estimated;  

ui is a non-negative random variable, which are assumed 
to account for the cost of inefficiency in production. 

The ratio of the observed cost for the i-th firm, relative to 
the potential cost, defined by the frontier function, given the 
output vector, xi, is used to define the cost efficiency of the 
i-th firm: 
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Where *
iC  is minimum cost and Ci is actual cost. The 

equation (2) is a measurement of cost efficiency, of which 
the value is equal or less than one.  

Based on Battese and Coelli (1992) [10], these equations 
of frontier cost function can be changed: 

( ), 1, 2,..., ; 1, 2,...,it it it itC X V U i N t Tβ= + + = = (3) 
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itCE e i N t T−= = =     (5) 

Uit is a non-negative variable. According CEit=exp(-Uit) to 
account cost efficiency. Assuming 2( , )it uU µ σ= . Where 

η  is estimated parameter; T is basic year. When 0η ≠ , it 

means that equation (3) is a time-varying inefficiency model. 
If 0η = , equation (3) is changed into the time-invariant 
model. If 0η > , cost inefficiency decreases with time 
change, and vice versa. 

Using maximum-likelihood estimation to calculate 
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. γ  has a value 

between zero and one. If 0γ = , it means that Uit can be 
deleted from the frontier cost model. In other words, 0γ =
means that cost inefficiency does not exist and the difference 
between the real value and optimal value is caused by Vit. So 
the function can use OLS to estimate in this case. 

The general form of translog frontier analysis is shown as 
equation (6). 

2 2
0

1 1ln( ) (ln( )) (ln( ))
2 2

ln( ) ln( )

i i j j

ij i j i i

C Y W

Y W V U

β β β

β

= + +

+ + +

∑ ∑

∑∑
(6) 

Where Yi is output variables; 
       Wj is input price; 
       Vi is random error; 
       Ui is cost inefficiency error and it is to be i.i.d. 
This paper selects the translog cost function, which 

accepts more flexible functional forms without assuming the 
constrained condition. It also can reflect the interaction 
between explanatory variables and explained variables. 

Based on OLS, we can obtain the equation (7) concretely 
such as: 
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In this equation, TC is total cost; yi is output; wi is price of 
input, and Vi is random error. The estimation of OLS 
assumes that cost inefficiency does not exist. If the model is 
not influenced by cost inefficiency, the results of OLS equate 
with those of MLE. 

The parameters of the stochastic frontier function can be 
estimated by the maximum-likelihood method. Moreover, 
the general specification of translog cost function can be 
written as: 
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In equation (8), yi is output including deposit and loan; wi 
is input price including labor price, capital price and fund 
price; Vit is random error, and Uit is cost inefficiency error. 

The equation on cost inefficiency error term is expressed 
as: 

( )( ), 1, 2,..., ; 1, 2,...,t T
it iU U e i N t Tη− −= = =   (9) 

Aigner, Lovell and Schmidt (1977) [11] expressed the 
likelihood function in terms of the two variance parameter, 

2 2 2
s u vσ σ σ≡ +  and /u vλ σ σ= . Battese and Corra (1977) 

[12] suggested that the parameter, /u sγ σ σ≡ , be used 

because it has a value between zero and one, whereas theλ  

parameter could be any non-negative value.  
In addition, it is necessary to perform a likelihood ratio 

test to examine whether the regression results are efficient or 
not. In the analysis of the stochastic frontier, null hypothesis 
can assume 0γ = , namely, 2 0uσ = . If the null hypothesis 
is accepted, Uit can be eliminated. Uit=0 means that cost 
inefficiency does not exist in the model. In other words, we 
do not need to use MLE, but OLS regression. 

Table 1.  Definition of Variable Used 

Variable Constitutive Content and counting way 

1.Total Cost= Total capital cost+Total operating costs+Total annual 
salary 

Total capital cost Amount of interest expenses 

Total operating cost Business and management costs+Loss of 
impairment of assets+Taxes+The other costs 

Total annual 
salary 

Employee’s salary+Welfare 

2. Output 

Deposits(y1) Personal deposit+Corporate deposit+Other 
deposits 

Loans (y2) Personal loan+Corporate loan+Other loans 

3. Input price 

Labor price (W1) Annual salary payment/Amount of labors 

Capital price (W2) Sum of capital payment/Net fixed assets 

Fund price (W3) Interest payment/( Taking Deposits+ Bank 
reserve+Borrowed fund) 

Table 2.  Basic statistics 

Monetary Unit=100 million Yuan 

  
Total cost Deposit Loan Labor price Capital price Fund price 

 
Mean 533.3 14314.8 8921.2 7.487 0.205 0.018 

2006 STD 720.6 19659.3 11446.3 5.009 0.115 0.004 

 
Max 2201.7 62391.2 34714.9 17.864 0.517 0.031 

 
Mix 15.8 430.8 250.5 0.062 0.044 0.014 

 
Mean 699.9 16046.2 10333.9 12.327 0.268 0.021 

2007 STD 911.5 21529.5 13006.5 9.779 0.120 0.004 

 
Max 2780.1 67831.0 40051.4 43.784 0.563 0.028 

 
Mix 21.1 500.8 301.2 4.668 0.094 0.015 

 
Mean 863.0 19816.5 11965.5 12.490 0.334 0.026 

2008 STD 1080.4 26318.5 14365.9 8.849 0.143 0.006 

 
Max 3232.0 83827.2 46605.4 39.888 0.621 0.036 

 
Mix 33.0 639.5 409.6 4.377 0.138 0.019 

 
Mean 863.3 22039.2 14187.6 10.932 0.344 0.017 

2009 STD 1015.8 28387.2 16723.3 7.415 0.158 0.003 

 
Max 3013.3 88108.9 51655.8 28.461 0.649 0.025 

 
Mix 36.2 920.9 604.4 1.905 0.154 0.013 

 
Mean 906.6 25824.9 16839.5 11.118 0.347 0.016 

2010 STD 1044.1 32266.9 19652.6 5.767 0.173 0.004 

 
Max 3054.6 100501.0 61230.9 22.019 0.799 0.024 

 
Mix 52.0 1259.9 756.5 4.608 0.146 0.012 

Data source: Annual report of each bank and almanac of China’s finance and banking 
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Table 3.  Estimation of the cost function 

  
OLS  

 
MLE  

 
Coefficient SE t-ratio Coefficient SE t-radio 

Constant 1.75 2.39 0.73 -0.03 1.71 -0.02 

lny1 -2.83 2.17 -1.30 -3.48** 1.46 -2.38 
lny2 3.52 2.11 1.66 4.13*** 1.42 2.91 
lnW1 0.24 0.34 0.71 0.05 0.26 0.21 

lnW2 1.22*** 0.33 3.72 1.08*** 0.24 4.44 
lnW3 0.95 1.26 0.75 -0.15 0.87 -0.17 

(lny1)2 2.73 1.65 1.65 2.48 1.49 1.66 

(lny2)2 2.56 1.73 1.48 2.14 1.59 1.34 
(lnW1)2 -0.02 0.02 -1.44 -0.02 0.02 -1.06 
(lnW2)2 -0.06 0.03 -1.69 -0.04 0.02 -1.54 

(lnW3)2 0.08 0.36 0.22 -0.20 0.25 -0.82 
lny1*lny2 -2.64 1.69 -1.57 -2.30 1.54 -1.49 
lny1*lnW1 0.40*** 0.14 2.92 0.18 0.11 1.65 

lny1*lnW2 -0.47*** 0.17 -2.83 -0.35*** 0.12 -2.97 
lny1*lnW3 -0.09 0.58 -0.15 -0.20 0.37 -0.53 
lny2*lnW1 -0.37*** 0.13 -2.88 -0.14 0.10 -1.41 

lny2*lnW2 0.45** 0.17 2.71 0.33** 0.12 2.76 
lny2*lnW3 0.05 0.57 0.09 0.17 0.37 0.45 

lnW1*lnW2 -0.02 0.03 -0.61 -0.03 0.02 -1.37 
lnW1*lnW3 0.14 0.09 1.52 0.09 0.07 1.33 
lnW2*lnW3 0.23*** 0.08 2.94 0.19*** 0.06 3.27 

Squared sigma 0.01   0.01** 0.00 2.23 
lambda 

 
  0.58*** 0.20 2.94 

mu 
 

  0.04 0.06 0.75 

eta 
 

  0.13* 0.07 1.85 

Log likelihood function 100.19  
Log likelihood function 112.02 

LR test of the one-side error 23.66 

Note: Standard deviations are reported in parentheses. Asterisk (*), double asterisk (**), and triple asterisk (***) denote significance  
on average at 10%, 5% and 1%, respectively. 

When alternative hypothesis is 0γ ≠ , cost inefficiency 
exists in the model. When 1γ = , inefficiency is totally the 
result of cost inefficiency. However, the test of γ  is a 
one-side test, so γ  must not be negative. The LR test 
statistic is calculated as 

LR=-2{ln[L(H0)]-ln[L(H1)]}            (10) 
Where L(H0) and L(H1) are the values of the likelihood 

function under the null and alterative hypothesis, H0 and H1, 
respectively. 

Also, same approach is applies to examine if translog 
function is more appropriate than Cobb-Douglas function. 

4. Data  
Sample data of this paper consists of five state-owned 

banks and thirteen joint-stock banks over the period of 
2006-2010. The variables includes total cost, deposits and 
loans as outputs as well as labour price, capital price and 
fund price as input prices. Moreover, the component of the 

variables is shown in table 1. 
Table 2 shows the data statistics. The entire data drives 

from annual reports of each bank and almanac of China’s 
finance and banking. The data consists of 90 annual 
observations from 2006 to 2010. The sample of banks used is 
a kind of panel data. To estimate the model, this article 
employs data on real values for outputs, input prices and 
costs based on 2005 (2005=100).  

As can be seen in table 2, total cost of the 18 Chinese 
commercial banks keeps rising year after year. The 
American subprime crisis is a main reason for the significant 
increase in total costs in 2008 and in 2009. Total deposits of 
18 Chinese commercial banks keeps rising every year. 
During the sample period, Chinese housing prices have 
increased quickly, so the Chinese government made a series 
of rules in order to stop increase of housing prices. One of the 
rules is that the Chinese government asked all Chinese banks 
to raise the deposit rate. Moreover, the American subprime 
crisis made investment a greater risk. That is why Chinese 
people transfer much money to the banks causing a 
significant increase in deposits. Total loans keep rising 
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continuously. Particularly, total loans significantly rose after 
2008. As Chinese housing prices rose quickly after 2007, 
real estate developers loaned plenty of money for building 
houses, at the same time, citizens loaned plenty of money for 
buying their houses. 

Table 4.  Hypothesis Test 

H0 OLS MLE LR Threshold Results 

0γ η= =  100.2 112.0 23.7 9.21 Reject 
H0 

11 12

20

...
0

β β
β
= =

= =
 77.5 90.7 26.4 23.21 Reject 

H0 

5. Results  
5.1. Estimation of Cost Function 

Table 3 illustrates estimation of the cost function based on 
ordinary least square (OLS) and maximum likelihood 
estimate (MLE), respectively. Regression results based on 
MLE are significantly better than those based on OLS. In the 
MLE estimation, deposits, loans, and capital price have a 
significant impact on total cost, while only capital price 

significantly affects total cost in the regression results of 
OLS. Moreover, coefficient of γ  is significant and the 
value is 0.58, which means 42% of cost inefficiency derives 
from effect of external environment. 

5.2. Hypothesis Test 

Table 4 shows the results of hypothesis tests. Based on the 
result of first hypothesis test, MLE should be used in this 
paper. Moreover, the second hypothesis test is practiced for 
the accuracy of the cost functional form. The H0 insists that 
the Cobb-Douglas function is correct. According to the result 
of second hypothesis test, translog cost function is more 
appropriate than Cobb-Douglas cost function. 

5.3. Cost Efficiency 

Table 5 illustrates cost efficiency of each Chinese 
commercial bank during 2006-2010. As can be seen in table 
5, the entire mean cost efficiency of 18 Chinese commercial 
banks (0.9113) lies at a relatively higher level but increases 
over the sample period. Moreover, the overall mean of cost 
efficiency of joint-stock banks was higher than that of 
state-owned banks through the whole period of 2006-2010, 
and there was an upward trend on the overall mean of cost 
efficiencies of state-owned banks and joint-stock banks as 
well. 

Table 5.  Cost Efficiency 

 Bank 2006 2007 2008 2009 2010 Mean 

 BOC 0.8529 0.8694 0.8841 0.8973 0.9091 0.8825 
State-owned CCB 0.9621 0.9666 0.9705 0.9740 0.9771 0.9701 

Bank ICBC 0.8983 0.9100 0.9204 0.9296 0.9378 0.9192 

 ABC 0.8047 0.8260 0.8452 0.8625 0.8780 0.8433 
 BC 0.8473 0.8644 0.8796 0.8933 0.9055 0.8780 

 CMB 0.9611 0.9657 0.9698 0.9734 0.9765 0.9693 
 CITIC 0.9617 0.9663 0.9703 0.9738 0.9769 0.9698 

 EBC 0.9139 0.9238 0.9327 0.9406 0.9475 0.9317 
Joint-stock HXB 0.8048 0.8261 0.8453 0.8625 0.8780 0.8433 

Bank CMBC 0.8862 0.8992 0.9108 0.9211 0.9302 0.9095 

 SPDB 0.8684 0.8833 0.8966 0.9084 0.9190 0.8951 
 SDBC 0.9740 0.9771 0.9799 0.9823 0.9844 0.9795 
 GDB 0.7917 0.8142 0.8346 0.8529 0.8694 0.8325 

 FIB 0.8496 0.8664 0.8815 0.8950 0.9070 0.8799 
 BOB 0.9710 0.9744 0.9775 0.9802 0.9825 0.9771 
 BOS 0.9528 0.9584 0.9633 0.9676 0.9715 0.9627 

 BON 0.7682 0.7930 0.8154 0.8356 0.8539 0.8132 
 NCB 0.9326 0.9405 0.9475 0.9536 0.9591 0.9467 

 
 

Mean 

State-owned 
banks 0.8730 0.8873 0.9000 0.9114 0.9215 0.8986 

Joint-stock banks 0.8951 0.9068 0.9173 0.9267 0.9351 0.9162 

Entire 0.8890 0.9014 0.9125 0.9224 0.9313 0.9113 

Note : BOC : Bank of China, CCB : China Construction Bank, ICBC : Industrial and Commercial Bank of China, ABC : Agricultural 
Bank of China, BC : Bank of Communications, CMB : China Merchants Bank, CITIC : China Citic Bank, EBC: China Everbright Bank, 
HXB: HuaXia Bank, CMBC : China Minsheng Bank, SPDB : SPD Bank, SDBC : Shenzhen Development Bank, GDB : Guangdong 
Development Bank, FIB : Industrial Bank, BOB: Bank of Beijing, BOS : Bank of Shanghai, BON : Bank of Nanjing, and NCB: Ningbo 
Commercial Bank. 
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The cost efficiency of CCB bank (0.9701) is highest 
relative to the other state-owned banks while that of ABC 
bank (0.8433) is lowest among state-owned banks. The 
overall mean of cost efficiency of SDBC bank (0.9795) is 
relatively highest among the joint-stock banks, while that of 
BON bank (0.8132) is lowest. There is a small difference 
between the overall mean of cost efficiency of state-owned 
banks and that of joint-stock banks. Because state-owned 
banks have many policy-related tasks, such as loan to 
state-owned companies with very low efficiency, cost 
efficiency of state-owned banks was very low before 
financial reform. After five years of entering to WTO, China 
has to open its financial market to foreign countries. Hence, 
Chinese government injected much money into state-owned 
banks in order to help those banks pay off bad debts and to 
successfully become listed companies. After injecting much 
money into state-owned banks, the cost efficiency of 
state-owned banks continues to increase year after year. In 
addition, because of the properties of state-owned banks, 
they had to build their branches in the cities with low 
populations and less companies, which increased their costs. 
However, with development of urbanization, more 
companies were built in the poor cities, so the cost efficiency 
of those banks also improved. Also, layoffs of employees 
and reform of organizational structure help the state-owned 
banks improve their cost efficiencies to an extent. 

6. Conclusions 
This article uses translog cost function to measure cost 

efficiencies of the 18 Chinese commercial banks, including 5 
state-owned banks and 13 joint-stock banks, during the 
period of 2006-2010. The results show that the overall mean 
of the 18 Chinese commercial banks lies at the higher level 
(0.9113), and the cost efficiencies of the 13 Chinese 
joint-stock banks (0.9162) are relatively higher than those of 
the 5 Chinese state-owned banks (0.8986). Moreover, the 
difference of the cost efficiencies between the state-owned 
banks and the joint-stock banks is much smaller than before, 
which contributes to Chinese financial reform. Cost 
efficiency of the CCB bank is greatest among the 
state-owned banks, and that of the SDBC is highest among 
the joint-stock banks. Furthermore, the hypothesis tests 
prove that translog cost function is more appropriate in this 
study than Cobb-Douglas cost function. 

Furthermore, compared with foreign experience, China 
and other countries have much in common. Hasan and 
Marton (2002) [13] analyse cost efficiency and profit 
efficiency of Hungarian banking during the transitional 
process from a centralized economy to market-oriented 
system, and report that banks with foreign involvement were 
found to be significantly less inefficient than their domestic 
counterparts and a higher share of foreign ownership was 
associated with lower inefficiency. Tzeremes (2014) [14] 
indicates that at the start of Global Financial Crisis, Indian 
national banks’ technical efficiency levels were relatively 

unaffected compared to the technical efficiency levels of the 
foreign and domestic private banks. Casu et al. (2013) [15] 
and Fujii et al (2014) [16] support the same conclusion that 
the ownership structure affects directly banks’ performance 
levels. This study confirms the aforementioned conclusions 
suggesting ownership plays an important role on effect on 
efficiency of banking industry. 

In addition, Fries and Taci (2005) [17] measure cost 
efficiencies of 289 banks in 15 East European countries in 
order to analyse transformation of banking industry in the 
post-communist transition, and agree with aforementioned 
conclusion that privatised banks with majority foreign 
ownership are the most efficient and private banks are more 
efficient than state-owned banks. Because both China and 
East European countries are post-communist, the results of 
them are more comparable. There is the same status that the 
cost efficiency of Chinese state-owned banks is lower than 
that of Chinese joint-stock banks, but the efficiency gap 
keeps decreasing. Nowadays, China still lies in the stage of 
gradually opening financial market to foreign investors, so 
it is beneficial for Chinese banking to further improve the 
overall efficiency as overseas capital further flow into 
Chinese financial market. Particularly, Chinese government 
has been fully supporting banking industry, then 
performance of Chinese banking will be expected to vastly 
improve at the same time. Although official direct 
supervision and protection to the state-owned banks 
enhance banking performance, Keeley (1990) [18] suggests 
that financial deregulation increases the degree of 
competition in the market, which thereby induce banks 
managers to undertake imprudent risks. Hence, Chinese 
government has to take into account how to promote 
efficiency of banking industry by fully utilising overseas 
capital and management technique and to enhance 
competitiveness of banking industry without protection and 
help from government. 
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