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Abstract. China's innovation capacity has been growing rapidly in recent
years, but the country still needs to improve its national innovation system
and form a financial services system that is compatible with the full life cycle
of science and innovation companies. Looking back at China's history of
financial development, the choice and feedback of commercial banks on reg-
ulatory policy has been an important factor influencing regulatory policy.
With China's financial market gradually opening up to the outside world and
an influx of foreign commercial banks, Chinese commercial banks are fac-
ing increasing competitive pressure. Improving the profitability of Chinese
commercial banks to enhance their competitiveness has become a key to fi-
nancial innovation and reform in the Chinese banking sector. Therefore, this
study investigates the profitability and profit efficiency levels of Chinese
banking industry over the period 2012-2020 using stochastic frontier ap-
proach. The empirical analysis leads to the following conclusions: The result
is that national joint-stock commercial banks and city commercial banks,
which have been given more management freedom, are trying to adapt to the
dynamically changing environment and show an increase in efficiency.
State-owned commercial banks maintain high levels of efficiency, but are
more conservative to change. Agricultural commercial banks, for the most
part, are showing efficiency gains, with no strong deterioration shown. Key-
words: national innovation system, banking system, profitability, central
bank, return on assets

1 Introduction

Establishing a national science and technology innovation system in a socialist market econ-
omy is impossible without financial support from the financial sector, so commercial banks,
which dominate the financial sector, should be an important part of the science and technol-
ogy innovation system. However, both theorists and practitioners pay much attention to the
creation of new financial sectors, that is, institutions and venture capital systems, and their
importance for the science and technology innovation system, and rarely talk about the status
and role of commercial banks in the science and technology innovation system [1].

The global financial crisis of 2007-2009 and the subsequent period of low interest rates
have renewed the interest of policy makers in the relationship between bank profitability and
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financial stability. Profits tend to provide a buffer against negative shocks. While the level of
bank profitability is important for financial stability, the source of bank profits is also im-
portant. In the low interest rate environment following the global financial crisis, banks have
diversified their activities by seeking sources of noninterest income. It is important to con-
sider the profitability of a bank on a risk-adjusted basis. A bank's very high profitability may
reflect a very high degree of risk, which could threaten financial stability. Bank profitability
can also affect the transmission of monetary policy by influencing the willingness or ability
of banks to lend.

In line with China's policies and regulations for establishing a science and technology
innovation system, and given the reality of the gap between China's economy and the world's
economic development, we believe that China's science and technology innovation system
consists of two aspects.

The science and technology innovation system of small and medium companies, this sys-
tem refers to small and medium-sized scientific and technological companies as the main
body, research institutions and research results or research results obtained by researchers
themselves through the operation and development of the company so that they can be trans-
formed into real productive innovative institutions [2]. This is an important aspect of the
science and technology innovation system. The system in China is in its infancy and needs
the support of the whole society. A realistic model for this system is the National High-Tech
Development Zone or the S&T Industrial Park. The science and technology innovation sys-
tem plays a key role in transforming research results into real products and is of particular
importance in raising the status and level of China's national economy in the world economy.
Small and medium-sized enterprises need the support of rural commercial banks and urban
commercial banks for their S&T innovation systems.

Science and technology innovation system of large enterprises or groups of enterprises
This refers to innovation institutions with large enterprises or groups of enterprises using
high and new technologies to transform and improve traditional industries and help upgrade
traditional industries; research and development of new products; breakthroughs in key tech-
nologies in the industries where the enterprises are located as the core. In the face of the new
situation, it is difficult for Chinese enterprises, especially large enterprises or groups of com-
panies, to compete internationally if they are still satisfied with the status quo, i.c., slow de-
velopment of new products, low product quality, high energy consumption, and low effi-
ciency and have not mastered key technologies to develop their industries, etc. To improve
its international competitiveness [3], it must constantly engage in technological innovation.
This system has a definite social, economic and technological foundation in China, but it is
weak and there is a real urgency and importance to strengthen and promote the development
of this system. The science and technology innovation system of large enterprises or groups
of companies is supported by state-owned commercial banks and national joint-stock com-
mercial banks.

2 Materials and methods

Initially, boundary methods were based on a theory that tries to explain the relationship of
output (profit) to costs [4]. Banks were assumed to operate in perfect output-cost markets and
input prices were defined as exogenous. Competition leads to equalisation of prices for inputs
and outputs. Banks produce products of equal quality. In 1977 Aigner, Lovell, Schmidt and
Meeusen, Vanden Broeck discovered the stochastic frontier approach. Regarding the effect
of capital restrictions on the profitability of commercial banks, one viewpoint is that capital
restrictions will have a positive effect on the profitability of banks [5]. Separate aspects of
the evaluation of the profitability of banking activity in different directions are described in
scientific researches of the following scientific publications [6] studied bank efficiency by
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the stochastic frontier approach (SFA) [7], Staub, R.B. [8]. The works of the mentioned econ-
omists due to the different direction of research contain fragmentary analysis of commercial
bank profitability, there is no complex approach to bank profitability estimation that would
contain a conceptual system and the development of a bank profitability indicators system
under the conditions of interbank competition.

The SFA model estimates technical efficiency of technological solutions by decompos-
ing the error term [9]. The error term is divided into two parts: one part is used for random
error and the other part is used for technical inefficiency, including technical inefficiency
refers to uncontrollable factors such as statistical errors, etc. The stochastic frontier model
combines an efficiency term u with an error term v. The basic model (perhaps after a loga-
rithmic transformation) looks as follows:

yE= f(xk; [3) + vk —uk (1)
vE~N(0,6%),u*~N, (0,62),k = 1,2,3--K )

The term v takes into account the randomness of the production process and possible
measurement errors in costs and output, while the term u accounts for the inefficiency of the
enterprise. We assume that v and u are independent. If u=0, the efficiency of the firm is 100%,
if u> 0, the efficiency is low. N+ stands for a semi-normal distribution, i.e., a truncated nor-
mal distribution where the truncation point is 0 and the distribution is concentrated in the
half-interval [0, oo].

The biggest advantage of stochastic frontier approach is boundary analysis. Stochastic
frontier approach is a parametric method based on the output frontier, and the technically
unacceptable elements are part of the factors that differ from the output frontier caused by
some artificially controlled factors. Consequently, under the influence of random influencing
factors, the boundary is not fixed, so that the actual values of low technical efficiency deviate
from the boundary. The problem that the stochastic frontier approach must solve is to meas-
ure technical efficiency (TE).

In economics, technical efficiency refers to the ability of output to increase or decrease
output at a given cost [10]. The efficiency of a particular firm in both additive and multipli-
cative models depend on u. In the multiplicative model, efficiency depends only on u, while
in the additive model efficiency also depends on the maximum expected output, i.e., the out-
put determined from the estimated function. Thus, the efficiency of a particular firm is deter-
mined by the expression:

K k- ot
TEadd(in yk) = f(xk'B) = - f(Xk,ﬁ) (3)
~k
TEk — TElr(nult(Xk’ yk) = exp(—u ) (4)

where technical efficiency TE without a lower index refers to a multiplicative model.

In China, the banking system is segmented [11]. Each segment solves a certain range of
tasks, which allows the country to function [12]. There are two stakeholders: the-People's
Bank of China and commercial bank owners [13]. We plan to do an analysis of the profita-
bility of the Chinese banking sector. It is important for-the People's Bank of China to ensure
that the commercial banks that are part of the banking system are profitable. This will allow
them to function normally, to remain interesting to their owners. For commercial banks op-
erating in a market environment, it is important to provide their owners with acceptable prof-
itability. Taking into account that different in size banks have different capabilities in the use
of banking technology, the efficiency analysis should be conducted by type of bank and in a
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time perspective: State-owned commercial banks (SO), national joint-stock commercial
banks (NJ), foreign commercial banks (FB), rural commercial banks (RB), city commercial
banks (CB). An analysis of profitability efficiency by bank type reveals a declining trend in
banks' profitability, which is generally associated with declining interest rates and spreads in
the banking sector and the slowdown of very high economic growth, typical of developing
countries and the transition to growth corresponding to developed countries. The input and
output parameters are an important element in the construction of the production function.
The sample used for the calculations includes data from 240 Chinese banks - all credit insti-
tutions at the end of 2020. The data are obtained from the Orbis database for the period 2012-
2020 and the values are presented in thousands of US dollars, we have chosen annual data.
We proposed a set of parameters that, in contrast to previous studies.
Model specification of the profitability function

In(%2%) = By + 2B In(y;) + Zharv, i (52) +5 (2L S0 - n(y) - (y,)] +
2R e i (32) i (32)] + [ZL B o In(y) - (52)] Fu kv ()

here y; is the j-th result (output); wy, is the cost of the n-th entry; 8, y and o are parameters to
be estimated; u defines resource inefficiency; v is a random error. Regarding profits, let us
transform the profit equation (8) by adding the absolute value of the minimum profit plus one
to the actual values. This ensures that In(Profit) has a value greater than 0.

y1 - loans. Statistics for this variable are derived from the total amount of loans of Chinese
banks in their annual reports published by Orbis.

y2 - other operating assets. Statistics for this variable are obtained from income securities
and other types of investments and other income-generating assets published by Orbis.

y3 - non-interest income mainly includes fee and commission income, investment in-
come, foreign exchange income and other income published by Orbis.

The resources described in the model are represented by three types of prices:

w1 is the price for the use of fixed assets: overheads divided by net fixed assets;

w2 is the price for using borrowed capital for interest operations: interest costs divided
by the borrowed capital;

w3 is the price for the use of borrowed capital for the provision of commission services:
non-interest expenses divided by borrowed capital.

Table 1. Characteristics of the sample.

Units of Mean Standard Maximum Minimum
measure value deviation value value
yl billion 79.365 283.069 2775.303 0.001
dollars
y2 billion 1.021 3.428 25.140 0.000
dollars
y3 billion 56.683 170.387 1620.405 0.006
dollars
wl ratio 4.404 8.997 124.837 0.257
w2 ratio 0.018 0.011 0.178 0.003
w3 ratio 0.023 0.007 0.079 0.001

It should be noted that there is a significant difference between the minimum and maxi-
mum sample values, highlighting the differences in the size of banks in the Chinese banking
sector. The standard deviation of the indicator is also important: the variance of the data is
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due to the diversity of banks rather than outliers in individual observations. The stochastic
frontier approach itself allows for different scales of facilities in panel data.

3 Results and discussion

The return on capital indicator takes into account the level of financial leverage and
characterises the profitability of bank owners, reflecting the level and interest in business
development. The central bank is interested in creating such conditions so that the banking
sector is attractive to investors. Figure 1 shows the dynamics of ROE over the monitored
period. It can be noted that foreign commercial banks show ROE levels in the range of 3%.
Chinese banks are showing a decline in ROE, which, as noted above, has been influenced by
the general decline in interest rates in the economy. Equity banks show the highest ROE,
which appears to be due to better management of the capital structure. This indicates the
success of the measures to introduce market mechanisms in the banking sector. Rural banks
show good adaptation to market conditions. They manage to compensate for lower returns
on assets and show weak ROA decline. Urban banks are showing similar ROA and ROE
dynamics. Apparently, they are not able to improve management efficiency yet.
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Fig. 1. Functional relationship between technical efficiency and return on assets of Chinese commer-
cial banks (left) and the relationship between technical efficiency and return on e uity of Chinese
commercial banks.

The obtained vector of technical efficiency consists of numbers, each in the range 0 to 1,
showing the normalised distance from the upper limit of what is possible. The first question
we plan to answer is to illustrate the functional relationship between technical efficiency and
profitability. We can show this graphically. As can be seen, we can argue that the X-effi-
ciency factor has a positive effect on the profitability of banks. This means that the manage-
ment of credit institutions and the actions of government agencies have a positive impact on
banking activities.

The next question is related to the assessment of the stability of the influence of the X-
efficiency factors. We will also use a graphical illustration for this purpose.
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Fig. 2. Stability of influence of X-efficiency factors of Chinese commercial banks.

The graph shows that over the period, a number of banks exhibit a decline in the influence
of the X-efficiency factor. This may be a consequence of the deregulation envisaged by the
Chinese reforms during this period. At the same time, there is reason to believe that this effect
is controllable and does not exhibit stochasticity.

cB
. 3 125-
12- 1.00-
. ., .
0.9- * 075-» =
06- 05078 8
0.25- .e .
D.S_I 1 1 1 1 I = I I. 1 1 1 I. 2 1
2 0.00 0.25 050 075 1.00 02 04 06 08 02 04 06 08
.DT:
1.0-
0.8-
0.6 is
D4-'®
1 1 1 1 U'35-| * 1 1 1
025 050 075 100 02 04 06 08

efficiency

Fig. 3. The relationship between profit efficiency and risk in banks.

The profit efficiency of state-owned commercial banks is directly proportional to their
risk, and profits will inevitably flow to where there is capital concentration. The capital mar-
ket is characterised by concentration of profits, so the entry of commercial banks into the
capital market is an inevitable result of their economic interests.

Most significant for the Chinese banking system is the classification of banks. For the
PRC banking system, as already mentioned, segmentation is important.
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Fig. 4. Classification-based efficiency distribution of 240 commercial banks in China.

The distribution of efficiency, as shown in the figure, is similar to a normal distribution
density with a rightward slope for city commercial banks (CBs). Overall, the group contains
banks with different levels of technical efficiency. Noteworthy are the poly banks, here the
impact of X-efficiency on profit is close to maximum. This confirms the close link between
the activities of these banks and the solution of government tasks and the closest relationship
between the government and the management of these banks. Foreign commercial banks
(FBs) confirm once again the conclusions that we obtain. In this case, we see little influence
from external and internal influences.

We believe that the stochastic frontier approach to assessing the profitability of commer-
cial banks not only assesses the bank's ability to generate profits relative to the leading banks
in the industry, but also takes into account the specific circumstances of the technology used
and the market environment. At the micro level, there has been a marked improvement in the
performance of rural commercial banks. Rural areas are receiving strong support from the
Chinese government to help them develop. The banks have been a key factor in the financial
transformation of this support, providing concessional loans for such schemes. Since the re-
form, the efficiency gap with other banks has narrowed considerably. This demonstrates the
effectiveness of rural commercial bank reforms. National joint-stock commercial banks focus
on different sectors of the economy, which to a certain extent affects their profitability by
linking them to the development of these sectors. The infrastructure of Chinese cities is prob-
ably one of the most developed in the world. Chinese cities have a large concentration of
manufacturing, logistics and financial institutions, all of which are growing. City dwellers
are financially literate and can respond to new banking products. This has driven urban banks
to improve their customer service, which has had an impact on efficiency.

The X-factors have influenced profitability differently in different time periods. The
above chart does not show the distribution of technical efficiency indicators within a single
year. In order to do so, we have constructed a series of graphs in the form of a bar chart.
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Fig. 5. Histogram of distribution of technical efficiency indicators within one year from 2012 to 2020
240 commercial banks in China.

As the figure illustrates, until 2014 there was an increase in technical efficiency across a
larger set of banks and the density shifted significantly to the right. After this period, we see
a "dilution" of technical efficiency. At the same time, there is an increase in differentiation
between the individual groups in 2015-2017, which will decline thereafter. This, in our view,
may indicate an adaptation of the banking system to the new conditions.

Considering that banks of different sizes have different capabilities in the use of banking
technologies, it is worth analysing efficiency by groups of banks

4 Conclusions

The rationale for regular monitoring of the banking system, including profitability, as it
should be an incentive for bank managers and owners to get serious about this business. This
is in line with the Chinese model of regulating dynamic economic management processes
with clearly defined strategic goals in the public interest. It is important to strike the right
balance between market incentives and government expediency.

Stochastic frontier approach allows to obtain objective evaluation of situation of com-
mercial banks profitability and influence on it of behavioral, management and other factors,
which are difficult to be evaluated by other methods. For China, where the level of regulation
is quite high, the assessment of such factors is very important.

The result is that national joint-stock commercial banks and city commercial banks, which
have gained greater management freedom, are struggling to adapt to a dynamically changing
environment and are demonstrating increased efficiency. State-owned commercial banks
maintain high levels of efficiency, but are more conservative to change. Agricultural com-
mercial banks for the most part show efficiency gains, with no strong deterioration shown.

Medium and small banks are more agile in using more profitable technologies, according
to global practise. Larger banks are more cautious about embracing innovation, as wrong
decisions on their scale can lead to losses.
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