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Abstract: Total factor productivity (TFP) is critical to the sustainable development of the rural
distribution industry. Improvements in productivity of the rural distribution industry can promote
the high-quality development of the Chinese distribution industry. Studying the characteristics and
influencing factors of total factor productivity in regard to the rural distribution industry in China is
significant for promoting the transformation and development of the rural distribution industry. This
paper uses the DEA–Malmquist Index to measure the total factor productivity (TFP) of the Chinese
rural distribution industry and its decomposition index, and uses a panel data model to empirically
study its influencing factors. The results show that, from 2008 to 2018, the TFP of the Chinese rural
distribution industry showed a trend of rising first and then fluctuating and declining, with an
average annual growth rate of 2.93%; the fluctuation direction of the TFP of the rural distribution
industry in the eastern and western regions of China is basically the same, which has had a reverse
change relationship with the central and northeast regions for many years. The industrial structure,
urbanization rate, rural informatization rate, and conditions of the transportation facilities have
significant impacts on the TFP of the rural distribution industry, among which the informatization
rate has the greatest positive impact.

Keywords: total factor productivity (TFP); influence factor; rural distribution industry

1. Introduction

Improving the TFP of the rural distribution industry is of great significance to its
sustainable development. The rural distribution industry in this paper refers to the whole-
sale and retail industry, the accommodation and catering industry, and the transportation,
warehousing, and postal industry in rural China. It is a “distribution” industry in general,
not distribution just for the manufacturing industry. Currently, China’s economy has
gradually transitioned from high-speed growth to medium-high-speed growth. In the
past few decades of reform and opening up, the development mode of relying on high
investments to promote capital growth has been met with difficulties. At the same time,
relying on labor input to promote growth is also facing the bottleneck of the “demographic
dividend” gradually disappearing; therefore, a change in the mode of economic growth
is urgently needed. With this background, an important way to improve the level of
innovation-driven growth in China is required. For a long time, the distribution industry
has been regarded as the “subsidiary industry” or “terminal industry” of China’s national
economy, and has not garnered much attention. With the deepening of reform and opening
up, and with the maturity of the market economy, the role of the distribution industry in
the national economy and in social development has become increasingly prominent. With
the increase in national income and the expansion of consumer demands, consumers have
higher requirements for the quality and efficiency of commodity consumption services. The
efficiency of the distribution industry also plays a positive role in the overall performance
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of the manufacturing industry [1]. As the link between production and consumption, the
distribution industry should improve the development of quality and efficiency, improve
its total factor productivity (TFP), and enhance industrial innovation and competitiveness.
China has a huge rural population and rural consumption market, but the development
of the rural distribution and consumption market is relatively backward, and a large
gap exists compared with the urban distribution consumption market. Due to its weak
foundation, backward facilities and equipment, and relatively extensive production and
management, the rural distribution industry has become a bottleneck for high-quality
development of the distribution industry. Therefore, the transformation and development
of the rural distribution industry is directly related to whether the Chinese distribution
industry can achieve high-quality development. An exploration of the efficiency of the
rural distribution industry and improvements to the TFP of the rural distribution industry
is of great significance for promoting the transformation and development of the industry
and for developing the rural consumer market.

There are a number of studies in the literature on the growth mode and efficiency
of the rural distribution industry, but there has been little research on the TFP of rural
distribution, and there is a lack of in-depth discussion on its influence factors. The TFP can
measure the actual effect of technological progress. It has a solid theoretical foundation,
and has been widely used. It is also considered an important theoretical tool to measure
the elements that promote growth, besides the factor input. In addition, due to the large
geographical area of China, the levels of economic development for different regions are
very different, and the developmental level and efficiency of the rural distribution industry
are also very different. Therefore, it is necessary to calculate the distribution productivity
of different regions separately in order to understand the regional differences and the
reality of distribution industry productivity more accurately. Therefore, the improvement
in the TFP is of great significance to the transformation and development of the rural
distribution industry. Thus, targeting the problem of the TFP in China’s rural distribution
industry, which has been studied weakly in academic circles, this paper first uses the DEA–
Malmquist Index method to discuss its measurement and to clarify its change rules in time
and space, and then uses a panel data model to analyze its influencing factors empirically.

Against this unique background, the main objective of this paper is to use the DEA–
Malmquist Index method to calculate the total factor productivity of China’s rural distribu-
tion industry and to clarify its change rule in time and regional space. Furthermore, on this
basis, the second objective is to discuss and analyze the important factors that affect the
development of and change in the TFP of China’s rural distribution industry and to put
forward a path to improving the TFP of China’s rural distribution industry.

The main contribution of this paper is twofold. In theory, our work measures the TFP
of China’s rural distribution industry and its decomposition index from 2008 to 2018 for
the first time, and confirms the positive influence of the information level and the level
of transportation facilities on the TFP of the rural distribution industry. In practice, our
conclusions can provide a reference for the government to formulate policies to promote
the development of the rural distribution industry.

2. Literature Review

In generally, the TFP is defined as a ratio of outputs to inputs. The total factor
productivity growth is equal to the residual that the growth of the total output subtracts
from the growth of all inputs [2]. The TFP is the core and the first driver of economic
growth [3]. It is the surplus of the total output after deducting the influence of all factor
inputs. It is the output growth rate exceeding the growth rate of the factor input. It is an
important source of economic growth, except for capital, labor force, and land. The sources
of TFP growth include technological progress, organizational innovation, specialization,
and production innovation. Solow (1957) put forward the total production function with
constant returns to scale based on the production function theory of J. Tinbergen and
other scholars, initially forming the concept of the TFP, and believed that it was caused by
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technological progress [4]. Bratt R. (1962) classified and assigned different weights for the
factor input, thus measuring a more accurate TFP and measuring the contribution of the
TFP to the national income of the United States [5]. D.W. Jorgenson (1967) used a trans-log
production function to measure productivity at the two levels of department and total
quantity, and decomposed capital input and labor input into quality and quantity, which
was called the Jorgenson method [6]. All of the above are traditional production function
methods, which assume that production is technically effective and that TFP growth after
deducting the factor productivity is attributed to technological progress.

Two kinds of methods measure the TFP: one is the growth accounting method, and the
other is the frontier production function method. The basic idea of the growth accounting
approach is to eliminate the contribution of the factor input in economic growth and then
estimate TFP growth. The basic idea of the frontier production function method is to
classify economic growth into three parts: factor input growth, technological progress,
and technological efficiency improvement. The frontier production function method can
be divided into two kinds: the parametric stochastic frontier analysis (SFA) [7] and the
nonparametric data envelopment analysis (DEA) [8], both of which are suitable for panel
data. D.W. Caves (1982) proposed a method to calculate the Malmquist Index and used it as
a productivity index for the first time [9]. Molinos-Senante, M. et al. (2017) assessed the TFP
change in the English and Welsh water industries [10]. Bin, L. et al. (2020) used the method
to measure the firm-level TFP [11], and Wang, Y. et al. (2019) measured the agricultural
green TFP of China [12]. Cai, H. et al. (2019) measured the efficiency of the photovoltaic
(PV) industry in China [13]. Luo M. studied the TFP in the Chinese construction industry,
and drew a lot of exciting conclusions [14,15]. Huijun Li and Bo Li (2019) indicated that
environmental regulations can effectively promote industrial green transformation by
improving the green total factor productivity (GTFP) [16]. Milivoje D. (2019) studied the
efficiency dynamics of the Croatian banking industry [17]. Andrius, G. and Vaida, P. (2019)
used SFA to analyze the efficiency of a real estate investment trust (R.E.I.T.) [18]. Li, Q. et al.
(2020) used the DEA–SBM super-efficiency model to measure the agricultural ETFP of
30 provincial regions in China [19]. Jacek, P. and Rafał, Ż. (2020) explored trade and FDI
as channels of international TFP spillover [20]. Jiangfeng Hu et al. (2020) measured the
TFP growth index in Chinese agriculture [21]. Currently, the most widely used method to
measure the TFP is the Malmquist Index method based on DEA.

Research on the TFP of the distribution industry is mainly a discussion about the retail
trade labor productivity. Ratchford (2003) measured the labor productivity of retail food
stores in the United States and explained the decline of its labor productivity index [22].
Baroos and Alves (2004) used the DEA method to estimate the total productivity change of
a Portuguese retail chain, and decomposed it into technical efficiency change and technical
change to obtain the productivity of different stores along the chain [23]. Moreno and
Jorge (2012) used DEA to analyze the data of retail companies in five European countries
from 1998 to 2006, used the Malmquist Index to analyze their productivity growth, and
found the difference between the results of different measurement methods [24]. Shin and
Eksioglu (2015) used the regression analysis of the Cobb–Douglas production function to
confirm that RFID retailers have higher labor/revenue elasticity than non-RFID retailers,
indicating that RFID retailers have higher labor productivity [25]. Maican and Orth (2015)
used a dynamic structural model to quantify the impact of regulation on retail productivity,
and concluded that more liberal regulation significantly increased the weighted total
productivity of the local market [26]. C Alvarez R. et al. (2020) used a novel five-step LCA
+ DEA approach for a case study of 30 retail groups in Spain for the period 2015–2017 [27].

Chinese scholars mostly used the frontier production function method to measure the
TFP in the distribution industry it. Domestic research is mainly divided into two aspects:
national research and sub-regional research. Across the country as a whole, the efficiency
of the Chinese logistics industry is not high, but it is steadily rising [28]. Li Xiaohui (2012)
measured the TFP decomposition index—technological progress, pure technical efficiency,
and scale efficiency—and concluded that the overall production efficiency of the Chinese
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distribution industry was low [29]. The growth mode of China’s distribution industry has
changed from technology driven to capital driven since 2006, and the growth in the TFP
has slowed down significantly; specifically, the degree of technology inefficiency has deep-
ened [30,31]. Gong Chao (2018) measured the TFP of the distribution industry and found
that it had a significant positive impact on the employment population, and found that the
impacts between different regions of the country are different [32]. The improvement in the
population urbanization level and the upgrades in the industrial structure have a positive
impact on the TFP of the distribution industry [33]. The geometric average annual growth
rate of the TFP of the Chinese distribution industry from 1998 to 2016 was 9.4% [34]. Liu
Ze and Wang Haining (2020) calculated that the total factor productivity of the national
distribution industry maintained an upward trend, with fluctuating changes from 2009 to
2018 [35], and Xu Mijing (2020) drew a similar conclusion [36].

Regarding sub-regional studies, the growth of the TFP in different regions of China is
similar in the long run, but the intensity of the convergence effect of the three regions is
different [37]. The annual negative growth of the TFP in the Yangtze River Economic Belt in
2004–2013 was mainly driven by the factor input rather than an efficiency improvement [38].
Then, some scholars measured the TFP of the distribution industry and its decomposition
and analyzed the regional differences. Regarding research on the efficiency of the rural
distribution industry, the existing research either focuses on the technical efficiency or the
distribution of agricultural products, but lacks research on the overall TFP of the rural
distribution industry. The technical inefficiency in the Chinese rural distribution industry
is significant, but this phenomenon is gradually decreasing [39]. The overall efficiency of
the Chinese agricultural product distribution had a downward trend after 2008, especially
the technical change index [40]. Chen and Li (2019) believed that the TFP of the distribution
industry in Chinese provinces had obvious spatial correlation and spatial heterogeneity [41],
which was also confirmed by the study of Ma Li [42]. In Jiang Feng’s study (2020), the
regional differences in the technical efficiency of commercial distribution in the eastern,
central, and western regions were significant [43]. The efficiency of commercial distribution
in the central region had the highest improvement, followed by the eastern region and
western region.

Based on the literature at home and abroad, great progress has been made in research
on the TFP and the TFP of the distribution industry. However, due to different data and
methods, there has been no consistent conclusion on the measurement results, and even
the results obtained by different methods are quite different. In the literature on the rural
distribution industry, although some literature related to distribution efficiency exists, a
lack of research on the TFP of the rural distribution industry and a lack of discussion on
its changing rules and influencing factors also exist, which are the research focuses of this
paper. The possible highlights of this paper lie in the first use of the DEA–Malmquist
Index method to measure the total factor productivity of the Chinese rural distribution
industry and to clarify its change rule in time and regional space. This paper also identifies
important factors affecting the development of and change in the total factor productivity
of the rural distribution industry in China.

3. Methodology
3.1. Research Design

In order to achieve the research objective, a three-stage research design [44] was
planned, as shown in Figure 1. First, the index system for measuring the TFP of rural
distribution was constructed, and then, the results of the rural TFP were obtained and
measured for different regions of China. Third, on this basis, this paper constructs a panel
data model of the influencing factors of the TFP in rural distribution, and then puts forward
some countermeasures and suggestions to improve the TFP in rural distribution.
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3.2. Method

Nonparametric data envelopment analysis (DEA) uses the linear optimization method
to estimate the boundary production function and the distance function, which has good
applicability. DEA was proposed by A. Charnes et al. (1978) to evaluate the relative
efficiency of decision-making units (DMUs) with the same or similar inputs and outputs,
and its emergence promoted research on total factor productivity, thus entering a new
stage [8]. The Malmquist Index is commonly used to measure the change in total factor
productivity of DMUs for different periods. Later, scholars combined DEA with the
Malmquist Index method and widely used it to measure production efficiency. This
method can measure the changes in productivity for different periods, and does not need
to estimate parameters and index weight assumptions in advance or perform dimensional
processing on the index data. Its use is also suitable for panel data. This paper uses the
DEA–Malmquist Index method to measure the TFP of China’s rural distribution industry.
The principle is as follows [45].

To define the output-based Malmquist Index of productivity change, we assume that,
for each time period t = 1, · · · T, the production technology St models the transformation
of inputs, xt ∈ RN

+ , into outputs, yt ∈ RM
+ :

St =
{(

xt, yt) : xt ⇒ yt} (1)

The output distance function is defined at t as follows:

Dt
0
(

xt, yt) = in f
{

θ :
(
xt, yt) ∈ St} =

(
sup
{

θ :
(
xt, yt) ∈ St})−1 (2)

This function is defined as the reciprocal of the “maximum” proportional expansion
of the output vector yt, given inputs xt. In particular, note that Dt

0
(
xt, yt) ≤ 1 if, and

only if,
(

xt, yt) ∈ St. In addition, Dt
0
(
xt, yt) = 1 if, and only if,

(
xt, yt) is on the frontier

of technology.
To define the Malmquist Index, we need to define distance functions with respect to

two different time periods:

Dt
0

(
xt+1, yt+1

)
= in f

{
θ :
(

xt+1, yt+1
)

/θ ∈ St
}

(3)
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The distance function measures the maximal proportional change in outputs required
to make

(
xt, yt) feasible to the technology at t. Similarly, one may define a distance function

Dt+1
0
(

xt, yt) at t + 1 that measures the maximal proportional change in output.
The Malmquist Productivity Index can be defined as follows:

Mt
0 =

Dt
0
(
xt+1, yt+1)

Dt
0(xt, yt)

(4)

Alternatively, one could define a period t + 1 of the Malmquist Index as follows:

Mt+1
0 =

Dt+1
0
(

xt+1, yt+1)
Dt+1

0 (xt, yt)
(5)

Therefore, the Malmquist Productivity Index change in period t ∼ t + 1 can be
defined as follows:

M0

(
xt+1, yt+1, xt, yt

)
=

[(
Dt

0
(
xt+1, yt+1)

Dt
0(xt, yt)

)(
Dt+1

0
(
xt+1, yt+1)

Dt+1
0 (xt, yt)

)] 1
2

(6)

The Malmquist Index can be decomposed into the technical efficiency index (effch)
and the technical progress index (techch), while the technical efficiency index can be further
decomposed into the pure technical efficiency index (pech) and the scale efficiency index
(sech), which are expressed as follows:

M0

(
xt+1, yt+1, xt, yt

)
=

(
Dt

0
(

xt+1, yt+1)
Dt

0(xt, yt)

)[(
Dt

0
(

xt+1, yt+1)
Dt+1

0 (xt+1, yt+1)

)(
Dt

0
(
xt, yt)

Dt+1
0 (xt, yt)

)] 1
2

= e f f ch× techch (7)

which represents an increase in technical efficiency when e f f ch > 1 and vice versa,
and means technological progress when techch > 1 and vice versa.

The four distance functions of the Malmquist Index can be calculated using the DEA
method, based on the following principle.

We assume that there are k = 1 · · ·K decision-making units using n = 1 · · ·N inputs
xk,t

n at each time period t = 1 · · · T. These inputs are used to produce m = 1 · · ·M
outputs yk,t

m . Each observation of inputs and outputs is strictly positive, and the number of
observations remains constant across all years. Therefore, the frontier technology in period
t is constructed as follows:

St

{(
xt, yt) : yt

m ≤
K

∑
k=1

zk,tyk,t
m ;

K

∑
k=1

zk,txk,t
n ≤ xt

n; zk,t ≥ 0

}
(8)

In order to calculate the productivity of the decision-making unit kt between t and t+ 1,
we need to solve four different linear programming problems: Dt

0
(
xt, yt), Dt+1

0
(

xt, yt),
Dt

0
(

xt+1, yt+1), and Dt+1
0
(
xt+1, yt+1).

For each decision-making unit k = 1 · · ·K, Dt
0
(
xt, yt) can be calculated by solving the

following linear programming problem:

maxθkt
=
(

Dt
0

(
xkt ,t, ykt ,t

))−1
(9)

S.t.

θkt
yk,t

m ≤
K

∑
k=1

zk,tyk,t
m n = 1 · · · n

K

∑
k=1

zk,txk,t
n ≤ xk,t

n m = 1 · · ·Mzk,t ≥ 0 k = 1 · · ·K (10)

The remaining three distance functions can be calculated in a similar way.
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With the above DEA–Malmquist Index method, the TFP of the rural distribution
industry in China can be obtained.

3.3. Variables and Data

Generally, the measurement method of distribution can be divided into two kinds:
the production function method and the DEA–Malmquist method (see Table 1). The
Malmquist Index method uses input and output indicators. Referring to the existing
literature, this paper selected the following variables as the variable system of the TFP in
the rural distribution industry.

Table 1. Review of the literature on total factor productivity (TFP) measurement in the distribution industry.

Author(s) Method Input–Output Factor (Indicator) System

LI Xiaohui
(2011) [29] DEA–Malmquist

Two inputs: labor (number of employees); capital
(capital stock of the distribution industry)

One output: added value of the distribution industry

Wang Qi (2015) [37] DEA–Malmquist
Two inputs: labor (number of employees); capital

(capital stock of the distribution industry)
One output: added value of the distribution industry

Shu Zhongan
(2017) [31] DEA–Malmquist

Two inputs: labor (number of employees and
enterprises); capital stock of the distribution

One output: total sales of the distribution industry

Sun Chang and Wu Lili (2017) [38] DEA–Malmquist
Two inputs: labor (number of employees); capital

(capital stock of the distribution industry)
One output: added value of the distribution industry

Liu Siwei and Zhou Hongyang (2018) [33] DEA–Malmquist
Three inputs: labor force; capital of the distribution

industry; length of traffic line
One output: added value of the distribution industry

Jiang Yunli
(2018) [34] Production function

Two inputs: labor (working hours); capital (value of
fixed assets of the enterprise industry)

One output: added value of the distribution industry

The input indicators of rural distribution industry were rural distribution industry
employees and rural distribution industry fixed assets investment, which represented labor
input and capital input, respectively, and the output indicator was the added value of the
rural distribution industry.

Labor input in the rural distribution industry: As no direct statistical data of rural
distribution employees are available, this paper used the number of private and individ-
ual employees of each province distribution industry minus the number of private and
individual employees of the urban distribution industry as the data of rural distribution
employees in each province.

Capital input in the rural distribution industry: Based on the fixed asset investment
data from the rural distribution industry, the capital stock of the rural distribution industry
was estimated using the perpetual inventory method (the depreciation rate was set to 5%),
which was used to indicate the capital input of the rural distribution industry. The fixed
assets investment data of the rural distribution industry in each province are equal to the
fixed assets investment of the whole society of the distribution industry minus the fixed
assets investment (excluding farmers) of the distribution industry, and the fixed assets
price index based on 2008 was used to reduce the original data.

Output of the rural distribution industry: The added value of each province distribu-
tion industry indicated this output, and the consumer price index of 2008 was used as the
base period to reduce the original data.

The distribution industry in this paper refers to the wholesale and retail industry; the
accommodation and catering industry; and the transportation, warehousing, and postal
industry. The 31 provincial administrative units in China were regarded as DMUs. The
panel data of 31 DMUs in 2008–2018 were used to calculate the TFP of the distribution
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industry. The data came from the China National Bureau of Statistics (http://www.stats.
gov.cn/tjsj/, accessed on 10 June 2021).

Due to space constraints, the original input and output data of the rural distribution
industry are not listed. The data for all years and all DMUs of each variable index were
taken as a sequence, and the descriptive statistical results of the variables are shown in
Table 2.

Table 2. Descriptive statistics of the raw data.

Statistic
Output of Rural

Distribution Industry
(100 Million Yuan)

Labor Input
(Person)

Capital Input
(100 Million Yuan)

Mean 3093.61 112.43 45.67
Median 2334.28 84.58 24.27

Maximum 14,217.10 870.60 424.60
Minimum 53.09 1.92 0.10

S.D. 2782.54 112.32 64.58
Observations 341 341 341

4. Results

After sorting out the input and output data of 31 provincial units of the rural distri-
bution industry in 2008–2017, we input the data into the DEAP2.1 software to obtain the
TFP and its decomposition index of the rural distribution industry: efficiency change index
(effch), technical change index (techch), pure technical efficiency change index (pech), and
scale efficiency change index (sech). Due to limited space, the TFP and its decomposition
index data are not listed, and only the overall data for the whole country are shown in
Table 3 and Figure 2.

Table 3. The TFP and its decomposition index of China’s rural distribution industry.

Year Effch Techch Pech Sech TFP

2009/2008 0.914 0.979 0.925 0.987 0.894
2010/2009 1.010 0.937 0.992 1.019 0.946
2011/2010 0.817 1.001 0.784 1.042 1.001
2012/2011 0.538 1.436 0.917 0.587 0.773
2013/2012 1.378 0.713 1.160 1.189 0.982
2014/2013 1.143 1.022 0.961 1.190 1.169
2015/2014 1.190 0.980 1.132 1.051 1.166
2016/2015 1.314 0.727 0.977 1.346 0.956
2017/2016 0.957 1.045 0.989 0.968 1.001
2018/2017 1.113 1.398 0.891 1.013 1.051

Note: effch: efficiency change index; techch: technical change index; pech: pure technical efficiency change index;
sech: scale efficiency change index; TFP: total factor production.

Sustainability 2021, 13, 8581 9 of 17 
 

 

Figure 2. The TFP and its decomposition index of the rural distribution industry in China. 

From the vertical time span characteristics, the TFP of the Chinese rural distribution 

industry shows a trend of first rising, and then fluctuating and declining, with an average 

annual growth rate of 2.93% in 2008–2018. Five years had positive growth, and the highest 

value appeared in 2013, with a growth rate of 27.04%. On the whole, the change in the TFP 

was relatively gentle and not dramatic. The TFP value measured in this paper was far 

lower than that measured by Jiang Yunli (2018) using the C-D production function to 

measure the TFP of the distribution industry in China (including rural areas) from 1998–

2016, and the result was that the geometric average annual growth rate was 9.4%. 

The decomposition index of TFP technological progress (techch) had a more drastic 

change, and its relationship with technological efficiency (effch) was essentially a trade-

off. In 2012, technological progress (techch) reached a maximum value of 1.436, with a 

growth rate of 43.46%, indicating relatively large fluctuations since then. The measure-

ment results of 2012 were slightly higher than those of other years and higher than the 

13.95% calculated by Jiang Yunli (2018), partly because the measurement objects of these 

two papers were nationwide, including urban and rural areas, while this paper only tar-

geted the rural distribution industry. 

In this paper, the average annual rate of technological progress in the rural distribu-

tion industry in China from 2008 to 2018 was 2.93%, slightly higher than the average an-

nual rate of 2.3% from 2000 to 2009, measured by Wang Liangju and Wang Yongpei (2011) 

using stochastic frontier analysis (SFA), which was due to the different time intervals of 

the research. 

Let us look at the decomposition index of technological efficiency (effch). The average 

annual growth rate of technological efficiency (effch) was 3.74%, which achieved growth 

in five years. The highest value appeared in 2013, with a growth rate of 37.8%, and the 

lowest value appeared in 2009, with a growth rate of −1.9%. The average annual growth 

rate of the pure technical efficiency change index (pech) was −2.7%, and that of the scale 

efficiency change index (sech) was 3.92%, which was the highest among all decomposition 

indexes. The growth rate of the scale efficiency change index (sech) in 2009–2011 and 2012–

2016 was positive, while that of the pure technical efficiency change index (pech) was only 

positive in 2013 and 2015, indicating that the growth of technological efficiency (effch) 

was mainly driven by the scale efficiency change index (sech) rather than the pure tech-

nical efficiency change index (pech), reflecting the dominance of the scale factor on the 

efficiency change. The reasons for the slow and small fluctuation growth in rural distri-

bution productivity in recent years are the continuous improvement in rural distribution 

infrastructure, as well as the renewal and transformation of logistics tools. However, due 

to the slow progress of technology, the growth in the distribution productivity is small. 

From the perspective of the spatial characteristics of the sub-regions, as shown in 

Table 4 and Figure 3, the TFP of the distribution industry in the rural areas of the eastern, 

central, western, and northeastern regions of China basically shows a relatively strong 

fluctuation. The fluctuation direction of the eastern and western regions was generally the 

Figure 2. The TFP and its decomposition index of the rural distribution industry in China.

http://www.stats.gov.cn/tjsj/
http://www.stats.gov.cn/tjsj/


Sustainability 2021, 13, 8581 9 of 16

From the vertical time span characteristics, the TFP of the Chinese rural distribution
industry shows a trend of first rising, and then fluctuating and declining, with an average
annual growth rate of 2.93% in 2008–2018. Five years had positive growth, and the highest
value appeared in 2013, with a growth rate of 27.04%. On the whole, the change in the TFP
was relatively gentle and not dramatic. The TFP value measured in this paper was far lower
than that measured by Jiang Yunli (2018) using the C-D production function to measure
the TFP of the distribution industry in China (including rural areas) from 1998–2016, and
the result was that the geometric average annual growth rate was 9.4%.

The decomposition index of TFP technological progress (techch) had a more drastic
change, and its relationship with technological efficiency (effch) was essentially a trade-off.
In 2012, technological progress (techch) reached a maximum value of 1.436, with a growth
rate of 43.46%, indicating relatively large fluctuations since then. The measurement results
of 2012 were slightly higher than those of other years and higher than the 13.95% calculated
by Jiang Yunli (2018), partly because the measurement objects of these two papers were
nationwide, including urban and rural areas, while this paper only targeted the rural
distribution industry.

In this paper, the average annual rate of technological progress in the rural distribution
industry in China from 2008 to 2018 was 2.93%, slightly higher than the average annual
rate of 2.3% from 2000 to 2009, measured by Wang Liangju and Wang Yongpei (2011)
using stochastic frontier analysis (SFA), which was due to the different time intervals of
the research.

Let us look at the decomposition index of technological efficiency (effch). The average
annual growth rate of technological efficiency (effch) was 3.74%, which achieved growth in
five years. The highest value appeared in 2013, with a growth rate of 37.8%, and the lowest
value appeared in 2009, with a growth rate of −1.9%. The average annual growth rate of
the pure technical efficiency change index (pech) was−2.7%, and that of the scale efficiency
change index (sech) was 3.92%, which was the highest among all decomposition indexes.
The growth rate of the scale efficiency change index (sech) in 2009–2011 and 2012–2016 was
positive, while that of the pure technical efficiency change index (pech) was only positive
in 2013 and 2015, indicating that the growth of technological efficiency (effch) was mainly
driven by the scale efficiency change index (sech) rather than the pure technical efficiency
change index (pech), reflecting the dominance of the scale factor on the efficiency change.
The reasons for the slow and small fluctuation growth in rural distribution productivity in
recent years are the continuous improvement in rural distribution infrastructure, as well as
the renewal and transformation of logistics tools. However, due to the slow progress of
technology, the growth in the distribution productivity is small.

From the perspective of the spatial characteristics of the sub-regions, as shown in
Table 4 and Figure 3, the TFP of the distribution industry in the rural areas of the eastern,
central, western, and northeastern regions of China basically shows a relatively strong
fluctuation. The fluctuation direction of the eastern and western regions was generally the
same, which was in a reverse relationship with the central and northeastern regions for
many years.

Table 4. The TFP of the rural distribution industry in different regions of China.

Year Eastern Region Central Region Western Region Northeastern Region

2009/2008 0.923 0.918 0.800 1.194
2010/2009 1.000 0.979 0.932 0.776
2011/2010 1.363 1.461 1.294 1.323
2012/2011 1.124 0.831 1.092 1.057
2013/2012 0.935 1.131 0.891 1.287
2014/2013 1.303 1.045 1.126 1.180
2015/2014 1.024 1.258 1.331 0.910
2016/2015 0.849 0.985 1.018 1.040
2017/2016 1.085 1.039 0.877 1.050
2018/2017 1.167 1.072 1.104 1.191
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From 2008 to 2018, the TFP of rural distribution in eastern China increased positively
in most years, with an average annual growth rate of 7.73%, higher than that in central and
western China. This result is also consistent with the more developed economic status of
eastern China. The average annual growth rate of central China was 7.19%, which was
close to that of eastern China and slightly lower than that of the whole country. The central
region achieved positive TFP growth in six years. The average annual growth rate of the
rural distribution TFP in western China was 4.65%, far lower than the average level of other
regions and the whole country, ranking last among all regions. The western region economy
is relatively backward, and the investment in the rural distribution industry is insufficient,
which leads to this result. The average growth rate of the rural distribution TFP in northeast
China was 10.08%, which was the highest in all regions. Although northeast China is not an
economically developed region, its agricultural production technology is more advanced,
the rural economy is better developed, and the labor input in the distribution industry is
more sufficient.

The TFP of the rural distribution industry in northeastern China showed positive
growth in most years, showing a relatively rapid improvement in distribution efficiency,
followed by the eastern region, for which the TFP was also greater than one in most years,
with a more obvious positive growth trend.

5. Further Study—On the Influencing Factors of the TFP

In order to study how to improve the TFP of the rural distribution industry, an analysis
of its influencing factors is necessary.

5.1. Data and Model

Referencing existing research, through the selection of indicators, the author finally
determined four factors, namely industrial structure (IS), urbanization rate (UR), rural in-
formatization rate (IR), and conditions of rural transportation facilities (TF) as the variables
affecting the TFP of the rural distribution industry, and took the economic development
level, rural population pattern, and rural consumption level as the control variables.

The proportion of the output value from the tertiary industry to GDP was used to
express the industrial structure (IS). The proportion of the urban population to the total
population was used to express the urbanization rate (UR). The number of rural broadband
subscribers was used to express the degree of rural informatization rate (IR), and the length
of the secondary and lower grade roads in the province was used to express the conditions
of rural transportation facilities (TF). All of the above indicators used the provincial panel
data from 2009 to 2018, and the data were from the annual data of each province of the
National Bureau of Statistics. Due to limitations in space, only the descriptive statistical
results of the original data of the main influencing factors are listed in Table 5.
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Table 5. Descriptive statistics of the original data for the influencing factors.

Statistic TFP IS
(%)

UR
(%)

IR (10,000
Subscribers)

TF
(10,000 km)

Mean 1.12 44.30 55.36 168.78 2.96
Median 1.03 42.48 53.04 89.64 2.64

Maximum 4.33 80.56 89.61 1152.90 8.88
Minimum 0.22 28.62 22.30 0.40 0.16

S.D. 0.48 9.34 13.82 194.40 2.09
Sum 314.84 12,372.46 15,227.54 45,324.65 819.63

Observations 341.00 341.00 341.000 341.00 341.00
Sections 31.00 31.00 31.00 31.00 31.00

Note: TFP: total factor production; IS: industrial structure; UR: urbanization rate; IR: informatization rate; TF:
transportation facilities.

Data stability test: the panel data model tests the stability of the data before modeling.
In this paper, Eviews 7.0 software was used to test the unit root of the variable data. The
results showed that the original sequences of TFP, UR, and TF were stable; that the original
sequence of IS was not stable; and that its logarithm sequence (ln_IS) was stable. The
original sequence of IR was not stable, and its logarithmic and differential sequences
(d_ln_IR) were stable.

Co-integration analysis: the purpose of a co-integration analysis is to determine
whether a long-term stable relationship exists between variables to avoid pseudo regression.
The results of the Johansen co-integration test on the panel data showed that a co-integration
relationship existed between TFP and UR, TF, IS, and IR, which indicated that the TFP
and these variables existed in a long-term, stable relationship, which can be used for
regression analysis.

Three forms of the panel data model exist. Different model settings have a greater
impact on the estimation results. The covariance analysis test can determine the form of
the model. After testing, the model should be a constant coefficient model, and the form is
shown as:

TFPit = α + β1URit + β2TFit + β3ISit + β4IRit + β5Kit + Uit,i = 1, 2, · · ·N; t = 1, 2, · · · T (11)

Among them, the explained variable was the TFP of the rural distribution industry
(TFP), and the explanatory variables were the industrial structure (IS), urbanization rate
(UR), rural informatization rate (IR), and the conditions of rural transportation facilities (TF).
K represents the combination of control variables. Here, the level of economic development,
the scale of population, and the level of consumption were selected as control variables.
α is the intercept term, β1 ∼ β5 is the coefficient of the explanatory variable, uit is the
random error term, N represents the number of individuals, and the time period is t.

5.2. Estimation Results
5.2.1. Results of China

The panel data of 31 provincial units in China from 2009 to 2018 were substituted
into the model, and the results calculated by Eviews 7.0 software are shown in Table 6
(Columns 1, 2, 3).

Table 6. Regression results of the panel data model.

Variable
China Eastern Central Western Northeastern

Coefficient T Statistic Coefficient T Statistic Coefficient T Statistic Coefficient T Statistic Coefficient T Statistic

UR 0.0095 *** 6.4533 0.0090 *** 3.7311 0.0111 *** 2.9478 0.0206 *** 13.3590 0.0197 *** 11.2790
TF 0.2015 *** 11.5958 0.4111 *** 7.5679 0.1850 *** 6.8258 0.0361 ** 2.1336 0.3442 *** 6.0673
IS −0.6808 *** −5.3265 −0.9390 *** −2.7650 −0.5918 *** −3.0283 −0.8707 *** −3.3638 −0.3008 ** −10.5460
IR 1.3394 *** 6.3619 0.8289 ** 2.1897 1.2155 * 1.8848 1.9262 *** 6.8848 1.6740 *** 4.0521

Adjust R2 0.5597 0.4151 0.5530 0.4459 0.4658

Note: */**/*** Statistically significant at the 10%/5%/1% level, respectively.
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From Table 6, the estimation results of independent variables were relatively signifi-
cant, but the coefficient differences were large, which means that they had different degrees
of impact on the TFP of the rural distribution industry, which are analyzed separately below.

Urbanization rate (UR): The coefficient of the UR was 0.0095, which means that every
unit of urbanization rate increase can promote growth in the TFP of the rural distribution
industry by 0.0095 units. The impact of the urbanization rate on the TFP was positive,
but the degree of impact was weak. With the rural residents entering the city to settle
down, the expansion of urban residents’ consumption provides a broader market and more
employment opportunities for the development of the rural distribution industry, and
correspondingly brings about an increase in the distribution output value.

Conditions of the transportation facilities (TF): The coefficient of the TF was 0.2015,
which indicated that every 1% increase in rural transportation facilities can promote the
growth of the TFP in the rural distribution industry by 0.2015%, which was a relatively
significant positive impact. The improvement in the rural transportation infrastructure
with highways had an obvious impact on the rural distribution efficiency. A sound trans-
portation infrastructure is the premise, foundation, and only method of improving rural
distribution efficiency.

Industrial structure (IS): The coefficient of the IS was −0.6808, which indicated that it
had a negative impact on the TFP of the rural distribution industry, which was different
from the conclusion of the positive impact obtained in the existing literature (Liu Siwei
and Zhou Hongyang, 2018). The reason for this may be that this paper targets the rural
distribution industry, excluding urban distribution. Another explanation is that the decline
in the proportion of the primary industry causes the rural distribution industry to lose part
of the market, thus reducing its output efficiency.

Informatization rate (IR): The coefficient of the IR was 1.3394, which means that
every 1% increase in the informatization rate in rural areas can drive the TFP of the rural
communication industry to increase by 1.3394%. The IR had a significant positive impact
on the TFP of the rural distribution industry, and had the greatest impact among many
factors. The improvement in the rural informatization rate can accelerate the information
transmission of rural distribution enterprises, promote the management efficiency of the
rural distribution industry, and play an important role in improvements in its technical
efficiency. In the further popularization of big data (BD), internet of things (IOT), and other
information technologies to rural areas, the operation efficiency of rural distribution will
be further improved.

5.2.2. Results of Different Regions of China

In order to further analyze the regional differences in the TFP influencing factors
of the rural distribution industry, this paper analyzes the panel data model of eastern,
central, western, and northeastern China, and the regression results are shown in Table 6
(Columns 4–11).

Urbanization rate (UR): The coefficient of the UR to the TFP of the rural distribution
industry in the four regions was generally higher than the national average, in which the
largest coefficient was in the western region (0.0206) and the smallest was in the eastern
region (0.0090). The UR in the western region was behind that of the whole country. The
effect of improving the urbanization rate on the TFP of the rural distribution industry was
stronger than that of a lower level of urbanization.

Conditions of the transportation facilities (TF): The coefficient of eastern China was
the largest (0.4111), and the coefficient of western China was the smallest (0.0361). The
construction of the rural transportation infrastructure in eastern China was at the leading
level within the country, and had the most significant impact on the TFP of the rural
distribution industry.

Industrial structure (IS): The coefficient of IS was negative, and the negative degree of
the eastern region was the largest (−0.939). The influence of industrial structures on the
rural distribution efficiency needs further study.
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Informatization rate (IR): Among the four regions, the coefficient of the IR in the
western region was the highest (1.9262). Improving the rural informatization rate in the
western region had a significant effect on the growth of the TFP in the distribution industry.

Among the factors that affected the TFP of the rural distribution industry, which
were similar across the nation, the positive impact of the informatization rate (IR) was
the largest, followed by the condition of transportation facilities (TF). The influence of the
industrial structure (IS) was negative. It can be seen that information, transportation, and
the construction of other infrastructures play important roles in improving the efficiency of
rural distribution.

6. Discussion

Since there is no research on the TFP of the Chinese rural distribution industry, the
measurement results in this paper do not have data that can be directly compared. However,
the TFP (including urban and rural areas) of the distribution industry studied in the existing
literature is slightly higher than the results in this paper (Jiang Yunli, 2018) for various
reasons. The first is the difference in the research area, the second is the difference in
the research period, and the third is the difference in the measurement method. The TFP
is generally believed to increase with technological progress, but the results from the
literature show strong volatility, although the overall trend is upward. In order to confirm
the applicability of the measurement results in many aspects, it is necessary to use other
methods to measure the TFP. This is a direction for further research.

The TFP of the rural distribution industry in China was on the rise from 2008 to 2018,
which shows that the efficiency of the rural distribution industry is improving. However,
this paper also finds that the TFP of the rural distribution industry fluctuates greatly, which
leads to a slow improvement in industrial efficiency. The output value growth of the
Chinese rural distribution industry still mainly depends on the input of labor and capital,
and the output value growth caused by technological progress is relatively small. The
technical inefficiency in the Chinese rural distribution industry is significant. The growth in
technical efficiency is mainly driven by scale efficiency rather than pure technology, which
reflects the dominance of the scale factor on technical efficiency. Therefore, we should
strengthen the transformation and upgrades in the rural distribution industry, improve the
degree of industrial mechanization and informatization, and give full play to the role of
technology in the growth of the rural distribution industry output value.

As for the factors affecting the TFP of China’s rural distribution, the result of this
paper is that the level of informatization and transportation facilitation have the most
significant influence on it, which is basically consistent with the conclusions of existing
studies. However, as for the factor of industrial structure, the result of this paper is quite
different from that of similar existing literature. This paper concludes that the change
in industrial structure (the decrease in the proportion of primary industry) leads to the
decrease in the TFP of the rural distribution industry. This is because the primary industry is
the main industry in rural areas, and the decline in its proportion leads to a shrinking of the
market of the rural distribution industry, thus reducing investments in the labor force and
capital in the rural distribution industry. Of course, this question can be further discussed.

There are three findings of this paper. First, there are the specific values of the
TFP and its decomposition index of the Chinese rural distribution industry from 2008 to
2018. This result has not been reported in the literature before. Second, there is the TFP
value and its variation characteristics of the rural distribution industry in eastern, central,
western, and northeast China. This result is also the author’s important discovery. The
TFP growth rate of the rural distribution industry in northeast China is higher than that in
the other regions, except the eastern region. This result is also different from the research
conclusions of similar literature, which is an interesting finding. Third, it is found that
the level of informatization is an important factor affecting the TFP of the Chinese rural
distribution industry, and the role of informatization in promoting the efficiency of rural
distribution industry has been quantitatively confirmed. The improvement of information
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equipment and the transportation infrastructure will help to improve the efficiency of the
rural circulation industry.

7. Conclusions and Implications

The TFP of the Chinese rural distribution industry shows a trend of first rising, and
then fluctuating and declining, with an average annual growth rate of 2.93% in 2008–2018.
Five years had positive growth, and the highest value appeared in 2013, with a growth rate
of 27.04%. As a whole, the change in the TFP was relatively gentle and not dramatic. The
growth rate of the scale efficiency change index (sech) in 2009–2011 and 2012–2016 was
positive, while that of the pure technical efficiency change index (pech) was only positive
in 2013 and 2015, indicating that the growth in the efficiency change index (effch) is mainly
driven by the scale efficiency change index (sech) rather than the pure technical efficiency
change index (pech), reflecting the dominance of the scale factor over the efficiency change.

From the perspective of the spatial characteristics of the subregions, the TFP of the
distribution industry in the rural areas of the eastern, central, western, and northeastern
regions of China basically shows a relatively strong fluctuation. The fluctuation of the
eastern and western regions is generally the same, which has been in a reverse relationship
with the central and northeastern regions for many years. Chinese rural areas are vast,
and the TFP of the rural distribution industry varies greatly among different regions.
The TFP of eastern China is slightly higher than that of other regions, which is due to
its more developed economy. However, in the economically underdeveloped northeast
region, the efficiency of the rural distribution industry is higher, which is due to the better
foundation of rural industrialization in this region. The agricultural industrialization and
scale operation in northeast China are relatively mature, and the mechanization of the rural
distribution industry is relatively high.

The practical significance of this paper lies in two aspects. On the one hand, on
the basis of clarifying the TFP of China’s rural circulation industry, the characteristics of
its temporal and spatial changes are found, which provides empirical data for follow-
up research. On the other hand, after exploring various factors affecting China’s rural
circulation industry, we can put forward some policy suggestions. In fact, the rise of internet
penetration and the full application of information equipment are important measures to
improve the efficiency of the rural distribution industry. The conclusion of this paper has
some enlightenment for rural distribution practitioners and government regulators.

From the empirical results of this paper, we put forward a path to improving the TFP
of China’s rural distribution industry. First, the informatization rate and mechanization
degree of the rural distribution industry should improve. The research proves that an
improvement in the rural informatization rate has a significant role in promoting the
growth of the TFP in the rural distribution industry. Therefore, various measures should
be taken to improve the informatization rate of the rural infrastructure and distribution
industry. Second, the rural distribution infrastructure should improve. The empirical
results of this paper show that the level of transport infrastructure has a significant role in
promoting the growth of the TFP in the rural distribution industry, which is also obvious.
It is an important way to enhance the efficiency of rural distribution to improve transport
infrastructures, such as highways. Third, the urbanization rate should improve, and the
equalization of public services in urban and rural areas should be promoted. The research
confirms that an improvement in the urbanization rate has a positive impact on the TFP
of the rural distribution industry. Fourth, rural distribution enterprise groups should be
cultivated, and full play should be given to the advantages of the scale economy. The
government should encourage rural distribution enterprises to integrate many “farm stores”
and “husband and wife stores” through large-scale development; to integrate distribution
subjects, such as agricultural cooperatives, logistics enterprises, and industry associations
in the rural distribution system, appropriately improving the industrial concentration; and
to build large-scale rural distribution enterprise groups.
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The limitations of this paper are that only one method was used to measure the total
factor productivity of the Chinese rural distribution industry, and that multiple calculation
methods were not used to verify each method, which may lead to a lack of persuasion in
the calculation results. However, the method used in this paper is highly applicable, and a
variety of results may cause confusion.
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18. Grybauskas, A.; Pilinkienė, V. A Comparative Analysis of R.E.I.T.s, R.E.O.C.s and P.R.E.O.C.s Using a Stochastic Frontier
Approach. Econ. Res. Ekon. Istraživanja 2019, 32, 1542–1560. [CrossRef]

19. Li, Q.; Wu, X.; Zhang, Y.; Wang, Y. The Effect of Agricultural Environmental Total Factor Productivity on Urban-Rural Income
Gap: Integrated View from China. Sustainability 2020, 12, 3327. [CrossRef]
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