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Abstract

This paper investigates the impact of non-interest income on bank efficiency based on data from China banking
sector during the period 1996~2010 by establishing DEA model and Panel-Tobit model. The efficiency levels of China
banking sector are estimated by employing traditional DEA model, which only considers loans and investments as the
output variables, and alternative DEA model, which considers non-interest income as an additional output variable.
The results of parametric and non-parametric univariate tests on the efficiency scores show that there are no significant
differences in mean and median efficiency calculated from traditional and alternative DEA models. In other words, the
inclusion of non-interest income in output vector does not have a statistically significant influence on the efficiency of
China banking sector.

Additionally, we normalize each bank’s efficiency score under these two DEA models in order to avoid potential
estimation bias due to the fact that the alternative DEA model has one more output variable than the traditional
DEA model, and the findings suggest that only a small proportion of banks present an increase in efficiency level
with inclusion of non-interest income, while no significant changes are seen on most banks’ efficiency levels. Also,
further analysis by establishing Panel-Tobit regression model finds that the relationship between the share of non-
interest income to the net operating revenue and the bank efficiency score is not significant, which suggests that the
bank efficiency doesn’t increase significantly with the increasing non-interest income share. Furthermore, the bank
efficiency also does not present a significant increase with the time. Overall, our findings suggest that the inclusion of

non-interest income does not significantly increase the efficiency level of China banking sector.

Keywords: Bank efficiency; China banking sector; Non-interest
income

Introduction

With the gradual deepening of financial reform and opening of
financial market, especially the implementation of a more stringent
financial supervision policy in recent years, Chinese commercial
banks have stepped into a transitional path from extensive operation
to intensive one and gradually adjusted revenue structure in order to
increase the proportion of non-interest incomes after having established
modern corporate governance structure. Although traditional interest
income is still the main source of revenue till now, as evidenced by the
fact that the net interest income of China’s banking sector accounts
for 66% of after-tax profits by the end of 2011, increasing proportion
of no-interest income and improving revenue structure has become a
common consensus among domestic commercial banks.

In a deeper sense, external pressure and internal motive are
dual sources of power that drive the China’s banking sector to pay
more and more attention to and promote vigorously the growth of
non-interest income. The external pressure is mainly derived from
stringent supervision and ability to make profit in the future. Chinese
regulators are actively promoting the implementation of Basel III in
China and intend to launch more stringent new regulatory tools. The
China’s banking sector has to face a real problem: how to promote
the growth of income under more and more stringent regulatory
requirements, especially the capital adequacy ratio requirements. As
the nontraditional business generating non-interest income consumes
less economic capital than the traditional business generating interest
income, it has become an inevitable trend for domestic commercial
banks to shift gradually toward non-interest income under the capital
constraint.

Meanwhile, complete liberalization of the interest rate is inevitable
during the process of deepening financial system reform and domestic

'Source: China Banking Regulatory Commission 2010 Annual Report.

commercial banks have to compete in a free market environment.
Based on the fact that the benchmark spreads have remained high by
now in China, the interest margin will inevitably gradually decrease
during the process of interest rate liberalization. As interest income
is still the main source of revenue, domestic commercial banks have
to face tremendous growth pressures in the future. Therefore, the
nontraditional business generating non-interest income should be
developed in order to reduce the impact of interest rate liberalization.
From internal motive prospective, because the contribution of non-
interest income to the net operating revenue is relatively low in China
banking sector, there are diversification benefits of increasing the non-
interest income share to some degree, that is, the growth of non-interest
income can reduce bank risk in some extent [1]. As a result, domestic
commercial banks have internal motive to promote the growth of non-
interest income.

However, what shall be noted is that expanding into non-interest
income business requires the bank to invest more resources, including
technology, human resources and material resources. On the contrary,
as to traditional activities generating net interest income, the only cost
of an additional loan is the bank’s interest expenses [2]. Therefore,
the growth of non-interest income probably leads to an increase of
the bank’s total operational costs and the cost per unit of production,
thus decreasing the efficiency level of the bank. Does non-interest
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income increase the efficiency level of the bank? This question is a
topic of considerable importance to both commercial banks in terms
of operating strategies and regulators of noninterest income business,
especially to Chinese banks and regulars who are actively promoting
the growth of non-interest income. This paper uses Chinese banking
industry data to examine the topic in depth in the hope of getting
meaningful conclusions. This paper is structured as follows. Section
2 presents a literature review on the effect of non-interest income on
bank efficiency. Section 3 presents the methodology and descriptive
statistical analysis of the data. Section 4 conducts empirical study with
models and analyzes the results and finally section 5 summarizes our
finds and provides some concluding remarks.

Review of the Literature

With the increasing scale of non-interest income and further
research on commercial banks, researchers tend to attach more and
more importance to the impact of non-interest income on the bank
efficiency. Based on current progress of research, extensive agreement
has yet to be reached as to the impact of non-interest income on the
bank efficiency.

Some researches hold that an increase in the share of non-interest
income is beneficial to improvement of the bank’s own profitability
and efficiency. De Young [3] considers that large amounts of fee-
based or non-traditional products or services improve the efficiency
of US commercial banks in the 1980’s and 1990’s Siems and Clark [4]
estimate bank profit efficiency measures that include OBS (Off-balance
sheet) activities and find that failing to account for OBS activities
has important statistical and economic effects on derived efficiency
measures due to seriously understating bank output. Rogers [5]
estimates cost, revenue and profit efficiency of US commercial banks by
using Distribution Free Approach (DFA) model with and without OBS
items, and finds that the bank efficiency is understated if employing
standard model that omit OBS items.

Radecki [6] realizes the importance of income of payment
revenues to the bank, especially to the bank holding companies, whose
revenue from payment revenues accounts for over 7% of their total
revenues. Stiroh [7] also finds that the efficiency estimates of bank
holding companies over 1991-97 are particularly sensitive to output
specification and profit efficiency is without inclusion of OBS activities
leads Isik and Hassan [8] estimates the efficiency of Turkish banking
sector during the period 1980~1990 by incorporating OBS as an output
variable and finds that the efficiency of private and foreign banks tend
to be improved slightly with inclusion of non-traditional activities, as
evidenced by the result that the technical and pure technical efficiency
of private bank increase by 3.5% and 6.0% respectively, and the
technical and pure technical efficiency of foreign banks increase by
2.9% and 2.7% respectively.

They imply that non-traditional activities pose greater impact on
the efficiency of private and foreign banks because these two kinds of
banks have larger non-traditional business scale. In other words, they
conclude that models that ignore such non-traditional outputs may
penalize banks that are heavily involved in such activities. Sufian and
Ibrahim [9] find that the inclusion of non-traditional activities results
in an increase in the estimated productivity levels of Malaysian banks.

Similarly, Casu and Girardone [10] investigate how non-traditional
activities impact the changes of bank’s total factor productivity and
find that the inclusion of non-traditional activities in the bank’s output
index improve the productivity level of European banking sector
during the period from 1994 to 2000, but they conclude that such

improvements should be attributed to technological change rather
than efficiency change. Lieu et al. [11] investigate the impact of non-
traditional activities on the cost efficiency of Taiwan banks and find
that the exclusion of non-traditional activities from the bank’s output
results in an approximate 5% underestimation of the bank’s efficiency
level and large banks with higher cost efficiency present increased ability
to develop non-traditional activities. Rachita Gulatia and Sunil Kumara
[12] investigate the relevance of the inclusion of non-traditional
activities in the specification of banks’ output on the efficiency of
Indian banks and find that the exclusion of non-traditional activities
not only understates the cost, technical and allocative efficiencies of
individual banks but also affects the ranking of ownership groups in
the industry. Jean-Pierre Gueyie et al. [13] also conclude that Canadian
banks’ expansion into non-traditional activities had resulted into
decreased risk and increased performance benefitting from income
diversification.

However, some other researches hold that the bank efficiency will
not benefit from an increase in the share of non-interest income benefit.
De Young and Rice find that marginal increases of non-interest income
are usually accompanied with higher profits, but meanwhile, greater
fluctuations of income level and worsening of risk return trade-off.

Jagtiani et al. [14] investigate the impacts of Off-balance sheet
(OBS) products during the period from 1988 to 1990 on the scale
economies of U.S. banking sector and find that OBS products have little
or no significant effect on the bank’s scale economies and there is no
evidence to show OBS products could reduce the bank’s costs.

Pasiouras [15] uses DEA model to investigate the efficiency of the
Greek commercial banking industry over the period 2000-2004, and
find that the inclusion of loan loss provisions as an input increases the
efficiency scores, but off-balance sheet items do not have a significant
impact. Chortareas et al. [16] use DEA based Malmquist Productivity
Index to investigate the impact of off-balance sheet items on Greek
banking sector during the period from 1998 to 2003 and also find that
the inclusion of OBS items seems to have no significant impact on the
efficiency and productivity of Greek banking system. Kozo Harimaya
[17] examines the impact of entering into the trust business on cost
structure of Japanese regional banks by measuring economies of scale
and scope during the period from 1994 to 2003, and finds that such
nontraditional banking activities yield no cost reduction for Japanese
regional banks. Sameh et al. [18] also find that the models with and
without non-traditional activities are equivalent in terms of overall
technical efficiency for banks of all size classes except for those of the
smallest size.

As far as domestic literature is concerned, most researches
concentrate on estimating the efficiency of the China banking sector. The
previous studies focused mainly on the study of efficiency comparison
among banks with different types of ownership. For example, Huang
Wei et al. [19], Shujie Yao et al. [20], Zhixin Liu et al.[21], Chao Zhang
and Feng Gu [22], Guotai Chi et al. [23] adopt different methods to
investigate the efficiency level of domestic commercial banks and find
that the efficiency of non-state-owned commercial banks is usually
higher than that of state-owned ones. With further research on the
efficiency of China banking sector, domestic scholars like Jianhua
Zhang [24], Chuanzhan Xu et al. [25], Cong Wang et al. [26], Lanan
Liu et al. [27] and Xiufeng Sun et al. [28] embark on further studies
on influencing factors of domestic commercial banks’ efficiency from
ownership to others. However, it is difficult to find domestic literature
on the impact of non-interest income on the bank efficiency, indicating
how little attention this topic has received from Chinese scholars.
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Although Xiyi Li et al. [29], Hantao Liu [30] and Wei Sun et al. [31]
have already attempted to include non-interest income into output
variables; they only estimate the bank efliciency but not analyze the
impact of non-interest income on the bank efficiency. Furthermore,
Guotai Chi et al. [32] estimate the interest income efficiency and
non-interest income efficiency, and analyze the relationship between
non-interest income share and total revenue efficiency, so as to get
some meaningful conclusions. Overall, from the domestic literature,
although Chinese scholars conduct deep analysis on the efficiency of
China banking sector, the impact of non-interest income on the bank
efficiency is ignored, consciously or unconsciously, or the analysis is
not deep or comprehensive enough even if the topic is mentioned.

Methodology and Data
Methodology

At present, parametric and non-parametric methods are two
methods usually adopted in literatures to measure the bank efficiency.
The parametric method proves more adaptable for single-input and
single-output or multi-inputs and single-output but less efficient in
dealing with multi- inputs and multi-outputs , and it usually requires
a larger number of sample observations because of more strict
requirements on the quantity of samples, Considering limited sample
data of domestic commercial banks and multi-inputs and multi-
outputs adopted in the study of this paper, the non-parametric method
will be used in this paper to measure the bank efficiency.

This paper employs the non-parametric efficiency frontier analysis
method-Data Envelopment Analysis (DEA) model to calculate the
technical, pure technical and scale efficiency score by using CCR model
[33] with constant returns to scale (CRS) and BBC model [34] with
variable returns to scale (VRS). The CCR model can be expressed as
follows:

Min

s.t. ﬂ'.x”. < eero r=1,2,....m

A/.yﬂ.Zij i=1L2,...,s

2,20 1=1,2,...,n (1)

Where, 6, is invariant scalar representing the technical efficiency
score (overall efficiency score) of the kth decision making unit (herein
referred as the kth bank), which is constrained between 0 and 1(0< &,
<1). 6, =1 indicates that the k" decision making unit (DMU) is located
on the efficiency frontier and it is the best-practice bank in the sample.
A, is a vector of Nx1 constant. xis the ™ input of the ith DMU, Y, is
the j* output of the i DMU. The value of technical efficiency (overall
efficiency) for each DMU may be derived by solving n times of the
linear programming represented by formula (1).

CCR model assumes constant returns to scale, which means the
producers are able to linearly scale the inputs and outputs without
increasing or decreasing efficiency. This assumption is too rigorous and
proves not very consistent with the real world. To solve this problem,
Banker, Charnes and Cooper [34] loosened the assumption of constant
returns to scale and propose a BBC model under the assumption of

n
variable returns to scale. By adding convexity constraint Zl, =1,
i-1
CCR model with constant returns to scale can be modified into BBC
model with variable returns to scale:

Min Hk
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n
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It is very easy to prove that the convexity constraint 2/1, =1

i=1
meets the assumption of variable returns to scale. In formula (2), Qk
represents pure technical efficiency of the k* DMU.

The technical efficiency (TE) can be decomposed into two
collectively exhaustive components: pure technical efficiency (PTE)
and scale efficiency (SE), i.e. TE=PTEXSE, while the technical efficiency
and pure technical can be calculated respectively by CCR model and
BBC model. Therefore, the scale efficiency can be derived from the
equation.

This paper calculates the efficiency scores of domestic commercial
banks by employing the traditional DEA model, which does not
consider non-interest income as an output variable, and alternative
DEA model, which considers non-interest income as an additional
output variable. By comparing the results derived from these two DEA
models; this paper investigates whether the efficiency estimates of
China’s banking sector tend to be improved with the inclusion of non-
interest income. Furthermore, this paper establishes the Panel-Tobit
regression model to test the impact of non-interest income on the bank
efficiency.

Data and specification of bank inputs and outputs

This paper uses annual data forl5 Chinese commercial banks
during the period from 1996 to 2010. All of these banks are listed except
Guangdong Development Bank (GDB) and Ever-growing Bank® At
the end of 2010, the assets of these 15 commercial banks accounted for
approximate 65% of the total of China banking sector. All data come
from China’s Financial Yearbook (1996~2007) and the Annual Report
of each bank (2001~2010).

As the definition and measurement of inputs and outputs in the
banking function doesn’t still reach extensive agreements, this paper
combines the production and intermediation approaches in selection
of input and output variables used in the model. The input variables
include (I1) Deposits, which include short term deposits, short-term
saving deposits, fiscal deposits, outward remittance, amounts payable,
long-term deposits, long-term saving deposits, short-term deposits of
guarantee and long-term deposits of guarantee classified according to
bank financial statements, and (I2) Net Book Value of Fixed Assets,
which refer to the value of fixed asset minus accumulated depreciation.

The output variables include (O1) Loans, (O2) Investments and
(O3) Non-interest Income. The (O1) Loans include short-term loans,
medium and long term loans, inward and outward documentary bills
and discount, while subtracting the loan loss provisions; The (02)

2It is possible that the unlisted banks have a different level of efficiency due to the
lower monitoring associated with being unlisted. However, if we eliminate the two
unlisted banks, the sample data is so small that our results might have bigger bias
than we incorporate the unlisted 2 banks into our sample. In addition, although there
is a little bit different in call report of listed and unlisted banks because of more strict
disclosure requirements for listed banks, our main data source come from official
China’s Financial Yearbook provided by China central bank and all of commercial
banks must submit the uniform data to central bank. Under the situation, we keep
the unlisted two banks incorporated with our sample this paper and we believe the
impact on efficiency level of China’s banking sector is very small.
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Investment is the sum of short-term and long-term investments minus
investment risk provisions; As there is no specified and clear agreement
on the concepts and scopes of non-interest income in China, we use the
method adopted by Li Li and Yu Zhang to define the (O3) Non-interest
Income, which includes fee and commission income, exchange gains,
investment revenue, and other income.

We will calculate firstly the bank efficiency score when the outputs
only include loans and investments, and then the bank efficiency
score when the outputs consist of loans, investments and non-interest
income. Finally, we will and analyze the impact of the inclusion of non-
interest income on the efficiency of domestic commercial banks. Table
1 show the summary statistics of the input and output variables.

Results
Efficiency with and without Non-interest Income

We employ traditional and alternative DEA model to calculate
respectively the technical, pure technical and scale efficiency score
of the sample commercial banks during the period 1996 to 2010 by
including or excluding non-interest income in the output vector. For
convenience, we refer the traditional DEA model without non-interest
income variable as model I and the alternative DEA model with non-
interest income output variable as model II.

Meanwhile, as the assets of Chinese five major state-owned
commercial banks account for very large proportion of the total of the
China banking sector, reaching 49.2% at the end of 2010 and accounting
for 76.94% of the total of these 15 sample banks. To calculate the bank

efficiency score more accurately and reflect the impact of asset size on
the value of the bank efficiency, we further calculate the asset weighted
efficiency score from 1996-2010 by using the proportion of each bank’s
asset in the total of sample banks as a weight value to multiply by its
efficiency score to get an asset weighted efficiency score in a certain
year. The results derived from the traditional DEA and alternative DEA
are presented in Table 2.

Table 2 shows that the inclusion of non-interest income has resulted
in a higher unweighted mean technical and pure technical efficiency,
while the unweighted mean scale efficiency presents decreases during
the period from 2000 to 2002 and increase in other years with the
inclusion of non-interest income.

As to the asset weighted efficiency, we also find that technical and
pure technical efficiency present an increase with the inclusion of non-
interest income and similarly the scale efficiency presents an increase
with the inclusion of non-interest income during the observation
period except the period from 1999 to 2002. Therefore, the inclusion of
non-interest income seems to result in higher efficiency score of China
banking sector. Of course, this hypothesis needs to be further verified
by statistical test.

Meanwhile, further analysis on the results of Table 2 reveals the
U-shaped relationship between non-interest income and the efficiency
of China’s banking sector during the observation period. That is, the
impact of non-interest income on the bank efficiency is gradually
decreasing from the beginning of the observation period, reaching
its bottom during the period from 2000 to 2003, and then gradually
increasing afterward.

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Inputs
Deposits
Min 37.23 31.74 57.14 67.65 84.46 10422 11396 = 135.03 19414 | 27827 42760 65265 @ 851.37 1333.38 172397
Mean 3948.68 4582.00 5253.81 | 5988.14 6695.65 7653.97 9066.04 10757.27 13218.65 14993.85 17089.26 19218.33 22839.64 2874854 33662.47
Max 19008.85 22510.50  26317.68 29823.78 32485.19 35804.70 40568.98 45681.64 51153.97 57368.66 63514.23 68984.13 82234.46 97712.77 111455.60
S.D 6110.28 7071.59  8276.02 9325.84 10076.70 11069.32 12548.31 14237.66 16453.38 18603.00 21072.01 22973.87 27091.80 32919.57 3738147
Net Book
Value of
Fixed Assets
Min 0.69 0.99 1.12 1.1 1.46 1.81 2.06 2.14 4.27 4.32 6.81 7.67 1543 17.21 23.75
Mean 98.22 118.07 | 12963 | 15453 17753 @ 17593 @ 183.75 | 20579 20763 @ 229.74 | 21313 @ 234.06 | 27588 @ 31091 336.25
Max 40352 54124 56624 | 66507 726.15 636.75 69508 @ 711.50 72556 | 1099.76 = 789.74 = 811.08 | 104285 1122.76  1235.68
S.D 160.07 = 190.30 @ 204.44 @ 24172 27586 256.31 | 26529 28484 27697 32260 27123 @ 30756 & 369.01 41461 445.70
Outputs
Loans
Min 2043 28.63 31.90 33.76 49.59 52.14 72.03 91.34 12405 24061 @ 35572 @ 45537 | 650.34 @ 929.67 1186.46
Mean 3432.39  3845.87  4564.58 @ 4838.34 | 487544 5485.02 6487.87 7724.86 @ 8651.97 9174.73 10376.01 12199.84 13590.74 1829126 21710.28
Max 17874.95 19872.00 22794.55 24105.13 24024.77 26514.20 29451.39 33266.68 37077.48 32895.53 35339.78 3957542 44360.11 55831.74 @ 66233.72
S.D 5570.46 6187.22  7280.01 7629.58 742895 8057.03 9004.94 10161.38  11255.95 10824.19 11902.02 13585.69 14456.87 19034.43 2234278
Investments
Min 1.69 8.19 22.31 29.33 46.29 52.72 43.06 63.86 7218 36.77 10644 | 132.07 13464 = 213.03 410.57
Mean 36893 @ 36441 69455 105224 1649.92 1913.74 232467 266829 3306.87 4740.30 4616.69 @ 4449.95 412219 @ 499253 & 6048.39
Max 1929.16 | 2005.81 294821 5003.05  7925.37 | 7944.52 992890 11699.48 11992.54 2058243 19037.76 21719.91 2144439 19084.48  23660.92
S.D 57429 @ 57282 1031.14 165260 2657.80 2909.30 3405.30 3829.79 448571  6790.62 6639.14 6727.85 6149.92 614548 @ 7836.40
Non-interest
Income
Min 0.11 1.31 0.02 3.56 3.53 2.16 2.56 1.64 1.08 2.10 291 579 10.72 1.44 8.21
Mean 4257 40.21 36.48 23.17 27.04 37.42 47.02 78.90 101.67 11753 | 108.99 @ 180.07 151.20 198.88 234.99
Max 16846 | 155.21 173.85 89.95 10721 | 16464 21407 31157 @ 40283 @ 64315 66237 112040 67470 @ 733.17 828.55
S.D 57.75 55.50 56.00 23.73 28.96 44.48 56.45 103.31 137.79 18346 19168 | 31425 20857 @ 261.31 302.70

Source: China’s Financial Statistics Yearbook (1996~2007) and Annual Report of each banks (2001~2010).

Table 1: Summary Statistics of Input and Output Variables (1996~2010) (CNY 100 Million).
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1996 = 1997 1998 @ 1999 | 2000 2001 @ 2002 2003 2004 2005 | 2006 2007 2008 @ 2009 | 2010
Model
Unweighted mean | 90.33 | 86.72  79.66 | 79.56 78.78 84.93 89.82 91.67 94.24 90.71 9525 92.63 91.24 9219 95.62
Technical efficiency |Weighted mean 97.79 | 95.43  84.57 | 85.32 | 83.59 | 86.99  87.03 | 88.63 | 97.65  95.24 | 90.00 | 89.89 84.50 | 86.21 93.85
SD 10.95 13.60 | 15.13 13.39 1250  11.29 @ 8.66 5.90 8.15 7.90 711 6.95 10.78 | 9.68 7.77
) Unweighted mean | 94.77 | 91.59 85.80 | 86.81 H 85.84 | 89.99 A 93.40 | 96.97 | 95.17 | 94.54 | 98.73 | 97.52 | 95.77 | 96.84 97.25
P“é?ﬁtc?gggfa' Weighted mean 98.55  98.67 94.93 98.40 97.20 96.54 | 97.26 | 98.85 | 98.84  98.10 98.40 98.73 9563 | 95.65 | 95.79
S.D 796 | 11.70 1510 | 13.42 | 13.16  11.09 | 8.26 3.93 7.35 6.58 2.36 4.23 6.25 7.10 6.42
Unweighted mean | 95.31 | 94.74 92.87 | 91.67 A 92.09 | 94.53 | 96.33 | 94.57 | 98.95  95.93 | 96.49 H 95.05  95.14 | 95.21 98.23
Scale efficiency Weighted mean 99.22  96.72 89.42 86.81 86.17 | 90.25 89.63 89.67 98.78 97.03 91.59 91.05 88.19 90.22 97.78
SD 7.88 | 8.77 | 6.61 6.02 804 652 | 639 536 193 428 682 6.79 833 719 269
Model
Unweighted mean | 93.03 1 89.20 | 84.35 81.46 | 79.31 | 84.95  90.23 | 92.31 | 95.47 | 91.65  97.18 95.84 93.09 94.21 96.09
Technical efficiency |Weighted mean 98.47 | 96.07 | 84.98 | 85.44 | 83.69 87.00 87.11 | 89.35 98.95  95.63 92.80 94.71 87.81 91.58 94.66
S.D 10.38 | 13.50 14.30 1415 | 12.24 | 11.25 8.56 5.74 8.27 8.04 6.70 564 | 1049 | 8.48 7.76
. Unweighted mean | 95.89 93.88 | 88.60  88.67 | 88.24 | 90.49 | 94.75 | 97.37 | 95.90 94.54 1 99.73 98.31 95.89 96.92 97.42
P”é?ﬁtggzg;ca' Weighted mean 98.63 98.86 9518 98.56 97.74 96.68 | 97.57 | 99.40 | 99.06 | 98.10 | 99.91  99.59 | 95.69 95.68 95.86
SD 7.08 1123 13.75 13.31 11.69 10.66 7.79 3.96 7.39  6.58 1.01 3.35  6.19 713 6.46
Unweighted mean | 97.01 | 95.00 | 95.19 | 91.79 | 89.97 1 94.04 | 95.37 1 94.86  99.48 | 96.89 97.43 97.53 | 96.91 97.19 H 98.55
Scale efficiency Weighted mean 99.84 | 97.17 | 89.64 | 86.76 4 85.68  90.12 89.40 89.93 99.86 97.41 92.88 9512 91.48 9565 98.53
S.D 7.51 8.10 6.26 6.42 7.85 7.32 6.35 5.35 1.39 3.59 6.46 5.32 742 | 485 | 2.55
Model minus Model

Unweighted mean 2.71 248 | 4.69 1.90 0.53 0.02 0.41 0.64 1.23 0.95 1.93 3.21 1.85 2.02 0.47

Technical efficiency |Weighted mean 0.68 | 0.64 0.41 0.12 0.11 0.01 0.08 0.72 1.30 0.39 279 | 4.81 3.32 5.36 0.81
SD 5.31 5.56 9.31 6.95 1.13 0.08 1.25 1.15 2.09 3.25 3.44 5.31 4.48 3.68 1.14

) Unweighted mean 1.1 229 280 1.86 2.40 0.50 1.35 0.40 0.73 0.00 1.01 0.79 0.12 0.08 0.17
P”;?ﬁfigzgfa' Weighted mean 008 019 025 | 016 055 014 031 | 055 022 000 151 | 0.86 006 0.03 | 0.07
S.D 2.92 | 485 7.32 5.13 5.01 1.94 3.27 0.85 1.61 0.00 2.27 1.51 0.35 0.31 0.65

Unweighted mean 1.70 0.26 | 2.31 011 | -211 | -049 -0.96 | 0.29 0.53 0.95 0.95 249 1.77 1.98 0.31

Scale efficiency Weighted mean 0.62 045 | 022  -0.05 -049  -013  -0.23  0.25 1.08 0.39 1.29 | 4.07 3.28 5.43 0.76
SD 3.83 437 466 271 4.90 1.88  2.19 1.19 153 | 325 219 467 443 | 3.70 | 0.99

No. Obs 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

Table 2: Efficiency Estimates of China Banking Sector from 1996-2010.

One plausible explanation is that the proportion of non-interest 1996-2010 1996-2002 2003-2010
income to the net operating revenue presented U-shaped pattern, ttest | Wilcoxon- o Wilcoxon-| . Wilcoxon-
which results in the U-shaped relationship between non-interest test test test
income and the bank efficiency. According to the study from Li Li Technical 1567 1914 1031  1.019 | -1500 1.919
and Yu Zhang [1], the contribution of non-interest income to the net eff'c'enc}'
operating revenue decreased from 1996 (30.23%) to 1999 (16.99%) Pu;?ﬁtc?s:z;cal 41170 | 1306 | 1.104 0977  -0.557  0.995
and increased again in the first few years of the 2000s (27.34% in 2004) Scale efficiency | 1.099 1818 o118 0466 1629 | 2.062

and then decreased after 2004 (20.76% in 2008). Chinese economics
was in recession periods because of the shocks of the Southeast Asian
financial crisis and of the subprime mortgage crisis in 1997-99 and
2008. In 1997-99, 2008 and 2009, Chinese GDP growth rates were 9.3%,
7.8%, 7.6%, 9% and 8.5% respectively, and the growth rates of both
net interest income and noninterest income were also undergoing a
downward phase. It seems that the economic cycle has an impact on
the revenue of China’s banking sector [1].

In order to test if the impact of non-interest income on the
bank efficiency is significant, we use both parametric (t-test) and
non-parametric tests (Wilcoxon-test) to examine the differences in
the mean efficiency of the China’s banking sector derived from the
traditional and alternative DEA models’. In addition, we classify
these 15 commercial banks into large banks with assets greater than
CNY 4 trillion and small banks with assets below CNY 4 trillion, and
then further employ use both t-test and Wilcoxon-test to examine
the differences in the mean efficiency of large banks and small banks

3Because the set of bank efficiency probably doesn’t meet the hypothesis of normal
distribution, both parametric and non-parametric tests are performed in order to get
robust test results.

Note: (1) The null hypothesis of parametric and non-parametric tests is that the
mean between the two models is equal; (2) **, and * indicate statistical significance
at the 95%, and 90% levels, respectively.

Table 3: Results of Parametric and Non-parametric Tests for Mean Efficiency.

under the traditional and alternative DEA models. The test results are
presented in Tables 3 and 4.

From Table 3, We find that except the Wilcoxon-test results for the
mean scale efficiency under the traditional and alternative DEA models
during the period from 1996 to 2000, and the mean technical efficiency
and scale efficiency under the traditional and alternative DEA models
during the period from 2003 to 2010 are statistically significant at 90%
levels or 95% levels, both t-test and Wilcoxon-test results for the mean
pure technical efficiency during all observation periods and the mean
technical and scale efficiency during other observation periods are not
statistically significant. Furthermore, as time passed, we didn’t observe
the inclusion of non-interest income can result in the increase of the
bank efficiency significantly.

From Table 4, we find that both t-test and Wilcoxon-test
results for the mean efficiency of large banks or small banks during
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Large Banks Small Banks

t-test | Wilcoxon-test | t-test Wilcoxon-test
Technical efficiency -1.114 1.329 -1.184 1.444
Pure technical efficiency -0.225 0.383 -1.228 1.398
Scale efficiency -1.223 1.355 -0.376 1.093

Note: (1) The null hypothesis of parametric and non-parametric tests is that the
mean between the two models is equal; (2) **, and * indicate statistical significance
at the 95%, and 90% levels, respectively.

Table 4: Results of Parametric and Non-parametric Tests for Mean Efficiency of
Large Banks and Small Banks.

all observation periods are not statistically significant, indicating
that there is no significant difference in the mean efficiency of large
banks or small banks derived from the traditional and alternative
DEA models. According to the test results from Tables 3 and 4, we
can draw a preliminary conclusion that the inclusion of non-interest
income doesn’t result in the increase of banks efficiency significantly
from a statistical perspective, that is, the non-interest income does not
increase significantly the efficiency of China banking sector.

We believe that the main reason can be attributed to two aspects:
Firstly, some false elements are incorporated into the components of
non-interest income of domestic commercial banks. Because China’s
banking sector has not yet to realize comprehensive operation, that
is, most China banks have not extended their commercial businesses
to other businesses like security business, insurance business and so
on, China banks only have very limited ways to obtain non-interest
income. Under this situation, most banks intentionally transfer directly
a certain proportion of interest income into non-interest income by
whitewashing financial statement in order to show the balanced
revenue structure to regulators and investors and further establish a
good image in the market. Therefore, some of non-interest income
belongs to interest income in essence and thus the non-interest income
share is overestimated in some extent. As a result, no significant
impact of non-interest income will be seen on the increase of the bank
efficiency. Secondly, As mentioned by Ramona and Thomas [2], the
development of non-interest income business will accordingly result in
investing more resources for banks like technology, human resources
and material resources, thus increasing the cost per unit of production
and offsetting to some extent the positive impacts of non-interest
income on the bank efficiency.

Furthermore, we note that although the number of the inputs
adopted by the traditional DEA model and alternative DEA model is
same (i.e. Deposits and Net Book Value of Fixed Assets), the number
of outputs is different-the traditional DEA model employs two outputs
(Loans and Investments) while the alternative DEA model employs
three outputs (Loans, Investments and Non-interest income). Alam
[35] points that as the number of variables increases, average efficiency
rises because each firm has a greater and greater opportunity to be
efficient in some dimension of production. Thus, when comparing
average efficiency across studies, attention must be paid to the number
of variables. That is, the efficiency scores under alternative DEA model
with inclusion of an additional non-interest income output probably
increase.

Consequently, because of more variables, a higher mean bank
efficiency value probably is calculated from the alternative DEA model
that includes additional non-interest income output. In order to solve
this problem, we employ the traditional model and alternative model
respectively to estimate the Panel bank efficiency scores and normalize
each bank efficiency by dividing each bank Pane efficiency score by the
its mean efficiency score during the observation period. The normalized
efficiency reflects the relative position of each bank relative to its mean

efficiency. On the basis of normalized efficiency value, we compare the
changes of relative position of each bank under traditional DEA model
and alternative DEA model in order to further analyze the impact of
non-interest income on the bank efficiency. The results are presented
in Table 5.

From Table 5, we find that with the inclusion of non-interest
income output, 7 out of these 15 commercial banks present an increase
in the relative position of technical efficiency and the proportion of the
number of banks whose relative position decreases accounts for 47.67%
of these 15 commercial banks, while 8 banks are observed no changes
in their relative positions, accounting for 53.33%; 3 out of these 15
commercial banks present a decrease in the relative position of the
pure technical efficiency, accounting for 20%,while 12 banks are seen
no changes in the relative positions, accounting for 80%; 5 out of these
15 commercial banks witness an increase in the relative position of the
scale efficiency, accounting for 33.33%, while 10 banks are found no
changes in the relative positions, accounting for 66.67%.

Overall, although some banks present an increase in their relative
positions of the technical and scale efficiency with the inclusion of
non-interest income, the changing proportion is not more than 50%,
while the pure technical efficiency either keeps unchanged or decreases.
Therefore, we can draw a conclude that with the inclusion of non-
interest income output, only a small proportion of banks are observed
an increase in efficiency scores, that is, the efficiency levels of most
banks don’t show obvious changes.. The conclusion is consistent with
our previous analysis.

Non-interest income’s impact on bank efficiency based on
panel-tobit regression

After examining the impact of the inclusion of non-interest income
output in DEA model on the bank efficiency, we examine the link
further between non-interest income and bank efficiency using Panel-
Tobit regression®. The model is:

DTE,(DPTE,

it

DSE,) = C+ B,NONSH,, + 3, In(4,) + B,LEVERAGE, +
BiROA, + BROE, + BT, + ¢,

Where DTE, DPTE and DSE are the dependent variables,
representing respectively the technical efficiency difference, pure
technical efficiency difference and scale efficiency difference between
the efficiency score under alternative and the efficiency score under
traditional DEA model. For example, DTE equals the technical
efficiency score calculated from alternative DEA model minus the
technical efficiency score calculated from the traditional DEA model.
The calculation of DPTE and DSE is similar to that of DTE. NONSH
is the non-interest income’s share of the net operating revenue. A is
the assets of the bank, LEVERAGE is the leverage ratio (the ratio of
equity to t asset, E/A), ROA is the return on assets, ROE is the return
on equity, T is time trend (T=1...15), i is bank i, t is year t, and is the
residual. C is the constant, 1~6 are the coefficients. The estimation
results are presented in Table 6.

3)

From Table 6, in all regression equations, we observe that the
relationship between NONSH and the dependent variables including
DTE, DFTE and DSE is not significant; indicating that the non-interest
income growth doesn’t induce the increase of the technical efficiency,
pure technical efficiency and scale efficiency of China banks, and the

“The dependent variables of the regression model are the differences of efficiency
values with and without non-interest income i output. As the efficiency value falls
between 0 and 1, the difference of the two values ranges from -1 to 1, thus the
dependent variable is a limited dependent variable. Therefore, we establish Panel-
Tobit model in this paper.
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Technical efficiency Pure technical efficiency Scale efficiency

Model Rank Model |Rank Model Rank Model |Rank Model Rank Model Rank
ICBC 1.021 1 1.021 1 1.013 1 1.012 1 1.009 1 1.009 1
ABC 1.018 3 1.021 1 1.013 1 1.012 1 1.006 3 1.009 1
BOC 1.021 1 1.021 1 1.013 1 1.012 1 1.009 1 1.009 1
CCB 0.941 8 0.941 7 0.972 4 0.971 5 0.969 7 0.969 5
BOCOM 1.019 2 1.019 2 1.013 1 1.012 1 1.007 2 1.007 2
CMB 0.996 6 0.996 5 0.988 2 0.987 4 1.009 1 1.009 1
SDB 1.006 4 1.006 3 0.998 2 0.997 2 1.009 1 1.009 1
CNCB 1.021 1 1.021 1 1.013 1 1.012 1 1.009 1 1.009 1
CGB 1.021 1 1.021 1 1.013 1 1.012 1 1.009 1 1.009 1
CEB 1.021 1 1.021 1 1.013 1 1.012 1 1.009 1 1.009 1
CIB 0.905 9 0.905 8 0.934 5 0.933 6 0.970 6 0.970 4
EB 1.000 5 1.000 4 1.013 1 1.012 1 0.988 4 0.988 3
SPDB 0.958 7 0.958 6 0.983 3 0.988 3 0.975 5 0.970 4
HXB 1.021 1 1.021 1 1.013 1 1.012 1 1.009 1 1.009 1
CMBC 1.021 1 1.021 1 1.013 1 1.012 1 1.009 1 1.009 1

Note: (1) The black italics indicate the changes in relative position of the normalized bank efficiency;(2) ICBC-the Industrial and Commercial Bank of China, ABC-Agricultural
Bank of China, BOC-Bank of China, CCB-China Construction Bank, BOCOM-Bank of Communication, CMB-China Merchants Bank, SDB-Shenzhen Development
Bank, CNCB-China CITIC Bank,CGB-China Guangfa Bank, CEB-China Everbright Bank, CIB-China Industrial Bank, EB-Evergrowing Bank, SPDB-Shanghai Pudong

Development Bank, HXB-Hua Xia Bank, CMBC-China Minsheng Bank Corp., Ltd.

Table 5: Relative Position Changes of Bank Efficiency.

Dependent variables

DTE DPTE DSE
C 0.001 -2.225 2.544
(0.012) (-0.358) (0.311)
NONSH 0.141 9.310 5.186
(1.711) (1.598) (1.706)
LN(A) -0.006 0.034 -0.705
(-0.611) (0.037) (-0.633)
LEVERAGE 0.044 8.767 -4.225
(0.577) (1.166) (-0.555)
ROA 1.158™ 12.310 116.866™"
(2.296) (0.293) (3.317)
ROE -0.001 -0.073 -0.085°
(-1.477) (-0.838) (-1.836)
T 0.003 -0.010 0.275
(1.012) (0.054) (1.020)
F-statistic 5.834 5.132 2.500
Adj-R? 0.301 0.270 0.118
No. Obs of Cross-sections 15 15
No. Obs of Samples 225 225

Note: (1) t-value in parentheses; (2) ***, **, and * indicate statistical significance at
the 99%, 95%, and 90% levels, respectively.

Table 6: Non-interest Income Share as Determinant of Bank Efficiency.

conclusion is consistent with our previous analysis. At the same time,
the correlation between T and DTE, DFTE or DSE is also insignificant,
indicating that the bank efficiency does not increase significantly with
the time, and this is also consistent with the analysis result from Tables
2 and 3. Additionally, all other independent variables coeflicients are
insignificant except the correlation between ROA and DTE or DSE and
the correlation between ROE and DSE.

Conclusions

This paper explores the impact of non-interest income on the bank
efficiency based on the data for the China banks from 1996 to 2010.
We calculate respectively the efficiency scores of Chinese commercial
banks by using the non-parametric Data Envelopment Analysis (DEA)
model with and without non-interest income output, and compare the
efficiency scores under two different DEA model in order to examine
whether the omission of non-interest income understates bank
efficiency. Then, we further examine the impact of non-interest income

on the bank efficiency by establishing Panel-Tobit regression model.

Under the traditional and alternative DEA models, we find that
with the inclusion of non-interest income output, either technical or
pure technical efficiency presents an increase during the sample period
while scale efficiency also presents an increase except the period from
2000 t02002.

However, the results of parametric test (t-test) and non-parametric
test (Wilcoxon-test) suggest that the exclusion of non-interest income
output does not bias the efficiency estimates for China banks because
of the insignificant difference in the mean efficiency scores under the
traditional and alternative DEA models. That is, the inclusion of non-
interest income does not result in a significant increase in the bank
efficiency.

In order to avoid potential estimation bias incurred by including
an additional variable to account for non-interest income in alternative
DEA model, we normalize each bank’s efficiency score under these
two DEA models and analyze the relative position changes of its
efficiency with and without non-interest income. As a result, we find
that although some banks present an increase in their relative positions
of the technical and scale efficiency with the inclusion of non-interest
income, the changing proportion is not more than 50%, while the
pure technical efficiency either keeps unchanged or decreases. In
other words, only a small proportion of banks present an increase in
efficiency scores and the efficiency levels of most banks don’t show
obvious changes by including the additional non-interest income
output in DEA model.

Furthermore, We establish Panel-Tobit regression model to
examine the impact of non-interest income on the bank efficiency,
and the findings also suggest that the correlation between non-interest
income share and the bank efficiency is not statistically significant, that
is, the technical, pure technical and scale efficiency of China’s banking
sector don’t present significant increase with the increase of non-
interest income share. In addition, we also find that the bank efficiency
does not increase significantly with the time.

Overall, this study shows that the inclusion of non-interest income
does not significantly increase the efficiency level of China banking
sector. This conclusion is in some extent same as the research from
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Jagtiani et al. [14], Pasiouras [15] and Chortareas et al. [16], which show
that the inclusion of non-interest income seems to have no significant
impact on the efficiency and productivity of banking industry. For
China’s baking sector, the main reason may be attributed to two aspects:
first, most domestic commercial banks intentionally transfer directly
a certain proportion of interest income into non-interest income
because of limited ways to obtain non-interest income thus the non-
interest income share is overestimated in some extent. Secondly, the
development of non-interest income business will accordingly result in
investing more resources for banks, thus increasing the cost per unit of
production and offsetting to some extent the positive impacts of non-
interest income on the bank efficiency.

Of course, as this area of banking becomes more developed in
China, the result could change in the future. For a longer period in
the future, China’s banking sector should attach greater importance on
the increase of real non-interest income so as to increase their own
efficiency levels. Meanwhile, great efforts should be made to lower
the cost of non-interest income business so as to improve the output
efficiency.
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