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At present, the e-commerce industry of agricultural products plays a pivotal role in promoting income growth and helping rural
revitalization. /is paper collected relevant data in the recent 8 years (2012 to 2019) and used the DEA model and Tobit model to
analyze the correlation degree between the efficiency and various influencing factors in China. DEA analysis results show that, in
recent years, three efficiencies are quite different: the comprehensive efficiency and scale efficiency show an upward trend, while
the pure technical efficiency remains at a high level. Tobit model results show that the number of urban Internet users, rural
Internet users, logistics practitioners, the development of national economy are negatively correlated with e-commerce efficiency;
the length of traffic construction has no significant correlation; the level of agricultural mechanization has a significant positive
correlation. Hence, the paper puts forward four suggestions.

1. Introduction

In recent ten years, Chinese rural e-commerce has evolved
from the agricultural e-commerce stage to the rural
e-commerce stage [1], and e-commerce has achieved re-
markable results in helping targeted poverty alleviation [2].
In the future, e-commerce will play a vital role in promoting
the increase of farmers’ income; the integration of primary,
secondary, and tertiary industries; and the return of talents
for employment. /e 14th Five-Year Plan [3] indicates that
the future will vigorously develop new forms of e-commerce,
and the Ministry of Agriculture and Rural Affairs [4] also
proposes that the online sales of agricultural products should
reach 1 trillion yuan in 2025. As we can see, the e-commerce
industry of agricultural products has a good development
prospect.

Macro’s research [5] on the efficiency and influencing
factors of agricultural products e-commerce is rare, but the
macro research is conducive to clearly showing the effec-
tiveness of input and output in the process of e-commerce
development and is conducive to the control of the future
development and investment direction of agricultural

products e-commerce. /erefore, this paper uses the DEA
model and Tobit model to explore the efficiency and
influencing factors of agricultural products e-commerce in
the past eight years and puts forward suggestions for the
future development of the agricultural products e-commerce
industry.

2. Literature Review

Some scholars confused the difficulties of agricultural
products e-commerce through qualitative analysis [6, 7] and
put forward countermeasures. Rural e-commerce can help
rural revitalization through policy path, infrastructure path,
factor path, industry path, and extension path [8] and can
also promote agricultural industry agglomeration [9]. In the
future, it is necessary to improve the implementation of
policies, improve infrastructure construction, introduce
professional talents, comb through the awareness of agri-
cultural products brand construction, and strive to over-
come the practical obstacles such as unbalanced regional
economic development and insufficient industrial integra-
tion. In quantitative analysis, scholars’ research scope ranges
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from regional [10, 11] province [12, 13] to municipal [14–16]
county [17, 18]. Wang [19] found that the development of
rural e-commerce in China is ranked in the order of
“eastern-central-northeast-western,” but its influence on the
regional economy is ranked in the order of “eastern-western-
central-northeast,” demonstrating that rural e-commerce
has significant heterogeneity. Wang et al. [11] pointed out
that the volume and quality of the agro-related e-commerce
industry in eastern China are superior to those in western
China, which further widens the gap in economic and social
development levels. E-commerce of agricultural products in
China is booming; however, there are some common
problems in various regions and towns that need to be
improved. For example, most rural e-commerce adoption is
still at a digital disadvantage [20], the constructions of lo-
gistics infrastructure need to be improved [21], and rural
e-commerce talents are in short supply [8].

Current research contents mainly cover poverty allevi-
ation [22], digital credit [14], capital to the countryside [23],
sustainable development of industry [24, 25], framework of
rural e-commerce standardization system [26], college
students’ willingness to work in rural e-commerce [27], and
so on. /e content is rich in breadth and depth. Research
subjects include agricultural products e-commerce service
institutions [28–31], cross-border e-commerce enterprises
[32, 33], and farmers [14].

One of the studies based on the empirical data of large
rural professional households [34] found that demographic
characteristics, family attributes, geographical conditions,
policy perception, and technology perception have a sig-
nificant impact on e-commerce technology adoption and
investment decisions. Rural e-commerce clusters will
stimulate the enthusiasm of rural families to start businesses
and strengthen entrepreneurial behaviors [9]. Participation
in e-commerce has a positive impact on both the digital
credit scale and the total credit scale of farmers [14]. Rural
cooperative organizations have certain advantages in terms
of resources and channels [35] and have the potential to
promote the development of agricultural products e-com-
merce; therefore, relevant government departments should
strengthen supervision and guidance. /ese studies not only
emphasize the importance of rural e-commerce but also
provide the basis and path for digital financial transfor-
mation, the improvement of quality and efficiency of third-
party service institutions, and the construction of the
standardized system.

Scholars used Feder model [36], Tobit model [37], DEA-
Malmquist index method [12, 38], Heckman model [34],
Lilien index [7], entropy method [19], factor analysis [20],
and cluster analysis model [20] to explore the efficiency of
cold chain logistics, enterprise operation efficiency, and
poverty alleviation efficiency of e-commerce [39]. /e field
of agricultural products e-commerce fully reflects the in-
terdisciplinary research method.

DEA is a nonparametric methodology based on linear
programming to evaluate the relative efficiencies of a group
of entities called decision-making units (DMUs). DMUs

“must complete similar types of activities, produce similar
types of products and service, consume similar types of
resources, and perform under similar environmental
constraints.”

/ere are several characteristics of DEA that are relevant
and appealing to this study. First of all, DEA can evaluate the
efficiency of each decision-making unit by considering
multiple output parameters at the same time. /is over-
comes a key limitation of other popular efficiency measures.
Secondly, DEA does not assume the functional relationship
between parameters or the distribution of efficiency scores.
/is is very important because it allows the analyst to
consider key parameters such as the person’s experience,
often directly related to the learning curve, and is seen as
nonlinear without the need to do data conversion. /irdly,
DEA evaluates the efficiency of a decision-making unit
relative to other decision-making units. In this way, the
DMU is always compared to the best performance, not to the
average performance in the regression analysis. Fourthly,
DEA is very suitable for the following situations: it is difficult
to understand the differences in production practice of
various decision-making units, and the importance level of
parameters among them may be different. DEA assigns
weights to the DMUS, displays a DMUS in its “best possible
way,” and then compares the efficiency of the DMUs under
consideration. If the “best possible way” scenario results in
another DMU being more efficient than the DMU in
question, then there is strong evidence that the DMU is
inefficient. /erefore, DEA can focus on finding evidence of
the efficiency of a DMU relative to a group of DMU.

3. Methodology and Data

3.1.ResearchDesign. In this paper, we combine the DEA and
Tobit regressing model to appraise the e-commerce effi-
ciency in China. In the first stage, the indicators of
e-commerce efficiency are defined. And then, three groups
of factors are selected to construct investment indicators,
namely, information technology investment, logistics service
investment, and infrastructure investment. /e relative
e-commerce efficiency is then assessed by the DEA model.
Finally, we use the Tobit regression model to examine the
effect of inputs on the e-commerce efficiency score
calculated.

/e research basis of the DEA method is relative effi-
ciency. /e advantage of this method is that the information
and characteristics contained in the evaluation object are
fully considered before the effective evaluation of the de-
cision-making unit [40, 41], and there is no need for di-
mensionless transformation processing. CCR model [42]
and BCC model [43] are commonly used in DEA methods.
BCC model can effectively measure the technical effec-
tiveness of decision-making units. It is assumed that there
are n decision-making units, and each decision-making unit
DMUK (k� 1, 2, . . ., n) has m inputs and s outputs. /is
paper builds the following model:
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(1)

As China accelerates the construction of “Digital China”
[44–46], rural e-commerce will develop rapidly, drive the
increase of farmers’ income [47], and promote the trans-
formation and upgrading of agriculture./erefore, the study
of what factors affect the efficiency of agricultural products
logistics and the degree of influence will be conducive to
taking more effective targeted measures to promote the
development of agricultural products e-commerce. /ere-
fore, this paper uses Eviews as the Tobit regression model for
analysis.

Since the e-commerce efficiency is discrete between 0
and 1, it is limited as a dependent variable. To avoid pa-
rameter deviation [48], the regression method in this paper
abandons the ordinary least square method and adopts the
maximum likelihood method. /e Tobit model constructed
in this paper is as follows:

Y � C + β1X1 + β2X2 + β3X3 + β4X4 + β5X5 + β6X6 + ε,
(2)

where Y represents the e-commerce efficiency of agricultural
products in the past years. X1 represents the number of
urban Internet broadband users, and X2 represents the
number of rural Internet broadband users; these two items
are used to measure the informatization level of urban and
rural areas. X3 represents the number of employees in the
transportation industry, and X4 represents the length of
expressways and other transportation construction; these
two items are used to measure the development level of
logistics, an indispensable part of e-commerce. X5 represents
the national per capita disposable income of residents, which
is used to measure China’s economic development level and
residents’ consumption level. X6 represents the total power
of agricultural machinery, which is used to measure the level
of agricultural mechanization. C is the constant term and ε is
the random error term.

3.2. Data and Variables. From 2012 to 2019, there are 8
decision-making units for agricultural products e-commerce
in China. /e efficiency and economies of scale of agri-
cultural products e-commerce are obtained by using DEP
software, and the development status in recent years is
analyzed.

Table 1 is the evaluation index system established in this
paper. /ree input indexes and one output index were se-
lected in this paper. Input index data comes from the China
Statistical Yearbook over the years, and output index data
comes from the China E-Commerce Report released by the
Department of E-Commerce. Among them, infrastructure
investment X3 is the data of railway operating mileage,
highway mileage, domestic waterway mileage, and domestic
and foreign flight route mileage. Since the data statistics in
the 2020 Yearbook are from the end of 2019, the data span in
this paper is from 2012 to 2019.

4. Results and Discussion

4.1. StaticAnalysisBasedon theDEAModel. /e condition of
the DEA model is n≥ 2 (m+ s), so the selection of data and
indicators in this paper meets the measurement standard of
the DEA model.

/e results are shown in Table 2. According to the av-
erage results over the years, the three efficiencies differ
greatly, and the comprehensive efficiency is just over 50%,
that is, the average electronic efficiency of agricultural
products is low. From the overall trend, from 2012 to 2019,
the comprehensive efficiency and scale efficiency show an
upward trend, while the pure technical efficiency remains at
a high level. /at is to say, China’s agricultural products
e-commerce develops vigorously and will maintain a high-
efficiency level in the future.

From the perspective of scale efficiency, with the de-
velopment of the national economy and the increasing
emphasis on agriculture, the scope and scale of China’s
investment in infrastructure, logistics services, and infor-
mation technology promotion are increasing day by day, and
the scale efficiency has increased significantly. /ere was a
slight decline in 2018, which may be due to the emergence of
B2B trading platforms for agricultural products in China,
represented by Pinduoduo, Webku, Meicai, and so on. /e
emergence of this model promoted the scale of producing
areas and enhanced the market competitiveness of products
and agricultural enterprises. /erefore, marginal efficiency
was generated with the increase of input, but the input and
output reached the “optimal state” in 2019.

From the perspective of pure technical efficiency, the
efficiency over the years is above 99%, and the overall re-
markable effect has been achieved. China has high man-
agement and technical efficiency in agricultural products
e-commerce; that is, China has a high utilization rate of the
input resources.

From the perspective of comprehensive efficiency,
China’s agricultural products e-commerce at the early stage
has problems such as miscellany of input and output and
extremely low efficiency. With the gradual improvement of
agricultural products e-commerce logistics, service and
professional personnel training systems of county-level
operation, and the popularization of rural information
services, the efficiency of agricultural products e-commerce
has increased and maintained a state of high efficiency. In
2016, the number of e-commerce comprehensive demon-
stration projects in rural areas surged, and the coverage of
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county-level operation centers and rural service stations was
further expanded [49, 50]. In those years, the Ministry of
Commerce also supported 15 provinces to build local cold
chain centers for agricultural products storage [51]. Since
that year, the construction of the rural market system has
been gradually improved, and the development of e-com-
merce has been characterized by regional characteristics,
diversified market entities, and diversified modes.

4.2. Static Analysis Based on the Tobit Model. Table 3 reports
the Tobit regression results for scale efficiency, and the
empirical results differ greatly from the author’s hypothesis
and expectation. /e reasons are analyzed below.

X1 represents the number of urban Internet broadband
users, and the index coefficient is negative (P< 0.001); that
is, the number of urban Internet users is significantly cor-
related with the efficiency of e-commerce in China. /e
results show the popularity of a highly significant correla-
tion. X2 represents the number of rural Internet broadband
users, and the index coefficient is negative (P< 0.05); that is,
the number of rural Internet users is significantly correlated
with the efficiency of e-commerce in China./e results show
that the popularity of information networks is related to the
efficiency of agricultural products e-commerce, and the
influence is significant. /e urban informatization degree
has a more significant impact on agricultural products
e-commerce than the rural informatization degree. /e
electricity generation and sales mode of agricultural prod-
ucts is as follows: agricultural products are purchased by
consumers, especially urban consumer groups, through
online sales from front-end markets such as rural areas,
agricultural product industrial parks, and agricultural
product trading markets, and then delivered to consumer
markets through offline logistics. /erefore, in the early
stage of the development of online sales of agricultural

products, the circulation direction of products is more from
rural areas to towns, so the development of urban infor-
mation network has a more significant impact.. And agri-
cultural enterprises are responsible for collecting the
produce of the farmers to resellers or agricultural industrial
park in bulk sales of agricultural products e-commercemode
and make the farmers themselves less directly involved in
agricultural e-commerce sales system, so the Internet
popularization level impact on the efficiency of agricultural
e-commerce compared to towns have a significant impact on
the efficiency of the Internet.

X3 represents the number of employees in the trans-
portation, postal, and transportation industries. /e index
coefficient is negative (P< 0.001); that is, the number of
logistics employees is significantly and negatively correlated
with the efficiency of e-commerce in China. On the one
hand, although the human capital investment in the logistics
service industry increases sharply, there are fewer leading
enterprises in agricultural products logistics and fewer
persons serving in agricultural products logistics. /erefore,
the more the logistics practitioners are, the lower the pro-
portion of the agricultural products logistics personnel may
be, so there is a negative correlation. On the other hand, the
professional quality level of logistics personnel needs to be
improved. Due to the late opening of logistics major in
China and the lack of courses focusing on agricultural
product logistics, there is a shortage of professionals in
agricultural product logistics technology and management,
which effectively inhibits the resource allocation and neg-
ative correlation of agricultural product e-commerce.

X4 represents the length of the expressway and other traffic
construction (P> 0.05); that is, the length of traffic construction
is not significantly correlated with the efficiency of e-commerce
in China. /ere are two explanations for this phenomenon in
this paper. Firstly, to promote the rapid development of the
regional economy in recent years, road, railway, water transport,

Table 1: Evaluation index system of e-commerce efficiency of agricultural products.

Index type Level indicators Secondary indicators

Output
indicators

/e development level of agricultural
products e-commerce Online retail sales of agricultural products, Y

Information technology investment Number of internet broadband subscribers, X1

Input
indicators

Logistics service input Total number of employees in communications, transportation, postal
services, and primary industries, X2

Infrastructure investment /e total number of kilometers of traffic construction, X3

Table 2: /e DEA empirical results of agricultural e-commerce efficiency from 2012 to 2019.

Firm Crste Vrste Scale Scale reward
2012 0.030 1 0.030 Irs
2013 0.112 0.996 0.112 Irs
2014 0.237 1 0.237 Irs
2015 0.356 1 0.356 Irs
2016 0.791 1 0.791 Irs
2017 0.940 1 0.940 Irs
2018 0.908 0.999 0.910 Irs
2019 1 1 1 —
Mean 0.547 0.999 0.547
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air transportation, and other transportation constructions are in
full force, and the length of new transportation lines is large.
Under this national condition, the quantity change has not
changed the efficiency improvement of agricultural products
e-commerce temporarily. Secondly, there may be a blind in-
vestment in highway construction in China, and repeated
construction may lead to a low utilization rate of investment.
/ird, part of the transportation route or the current situation of
the quality and level is not enough. /e relatively poor trans-
portation conditions lead to transport time extension of agri-
cultural products, increase in the damage rate of agricultural
products in the transport process, thus hindering the im-
provement of the logistics efficiency. For example, the shortage
of cold chain logistics makes the fresh agricultural products
circulation loss rate 8 times that of the developed countries.

X5 represents the per capita disposable income of na-
tional residents, and the index coefficient is negative
(P< 0.01); that is, the development of the national economy
at a significant level of 1% has a significant negative cor-
relation with the impact on China’s e-commerce efficiency.
/e national per capita disposable income of residents re-
flects the development level of China’s national economy.
With the development of the national economy, the choice
of e-commerce products for Chinese residents is becoming
increasingly rich, and the online sales volume is increasing
year by year. Although the online sales volume of agricul-
tural products is also increasing, its proportion is not ob-
vious. Moreover, the online sales volume of agricultural
products accounts for 3% of the sales volume of agricultural
products. /e development potential and space of agricul-
tural products e-commerce are huge, and the influence of the
national economy lags, which has not yet been reflected in
the field of agricultural products e-commerce.

X6 represents the total power of agricultural machinery,
P< 0.001, and the coefficient is positive; that is, the level of
agricultural modernization and mechanization has a very
significant positive correlation with China’s e-commerce
efficiency. Raising the level of agricultural mechanization
improved the agricultural output and quality improved, the
scale of agricultural production and processing, and the
market share of agricultural product sales but also reduced
the agricultural products from production to processing and
circulation loss and improved the speed of the batch
transportation of agricultural products and sales. /erefore,
the improvement of agricultural mechanization level im-
proves the efficiency of agricultural e-commerce.

5. Policy Implications

Based on the significant positive correlation between the
level of agricultural mechanization and e-commerce effi-
ciency, agricultural products e-commerce should focus on
strengthening modern agricultural science and technology
and the research and development of agricultural machinery
and tools and spread the use of the original agricultural land
to modernize. We should improve the integration of agri-
cultural machinery and agronomy and the organization
cultivation of socialized service of agricultural machinery
and strive to build a new business model of “whole-process
mechanization + comprehensive agricultural service.” We
should also improve the level of independent research and
development of agricultural machinery and equipment,
according to the different topography, climate conditions,
and crop characteristics to prepare intelligent agricultural
machinery and tools; play the role of science and technology
commissioners and improve the utilization rate of agri-
cultural machinery. We will increase subsidies and en-
courage farmers and agricultural enterprises become
mechanized production mode.

Based on the result that the length of expressway con-
struction is not significantly correlated with the efficiency of
e-commerce, the government needs to reflect and pay at-
tention to rural road construction. While actively building
high-speed railways and expressways, we also pay attention
to rural roads, building and maintaining hardening roads
and main roads within villages, and increasing direct roads
between natural administrative villages and surrounding
villages and county seats. At the same time, we should
strengthen the cold chain transport mode of upstream and
downstream connection and low-temperature distribution.
We should increase the quantity of cold storage of agri-
cultural products along the routes, to reduce the loss of
agricultural products e-commerce transportation.

Based on the results that the degree of urban informa-
tization has a more significant impact on agricultural
products e-commerce, agricultural subjects such as rural
e-commerce related enterprises, cooperatives, and large
farmers should promote the green development of agri-
culture in the future and strengthen the quality inspection of
agricultural products and the supervision of online agri-
cultural products and food safety. Given the current situ-
ation of rich categories, large quantities, and serious
homogenization of e-commerce products, China’s

Table 3: Results of the Tobit model on the influencing factors of agricultural e-commerce efficiency.

Variable Coef. Std. err. Prob value
Y — — —
X1 −0.0000312 2.62e− 07 <0.001
X2 −6.19e− 06 7.16e− 07 <0.050
X3 −0.0002858 2.91e− 06 <0.001
X4 −0.000037 0.0000142 >0.050
X5 −0.0000164 4.05e− 07 <0.010
X6 0.0000207 4.37e− 08 <0.001
C −0.2396994 0.007969 <0.010
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agricultural products should pay attention to the advantages
and values of local characteristic agricultural products and
brand construction of agricultural products and improve
brand awareness. /e development of “green organic pro-
duce“ and “geographical indication produce” should be
encouraged. We will extend the processing chain of agri-
cultural products and increase the added value of agricul-
tural products.

Based on the negative correlation between the current
logistics practitioners and the efficiency of agricultural
products e-commerce, future logistics enterprises should
improve the professional quality of logistics practitioners
and strengthen the training of their information application
ability, management ability, and other skills, to improve the
quality and efficiency of logistics service. Colleges and
universities and vocational and technical schools in all
provinces and cities should pay attention to agricultural
products logistics, set up corresponding majors, carry out
corresponding courses, differentiate training programs of
ordinary logistics express, and develop targeted training
models of agricultural products e-commerce logistics, to
establish a correct outlook on career and employment,
cultivate young people’s sense of identity with their
hometown, and attract relevant professionals to return to
their hometown and agriculture for employment.

6. Conclusions

Due to the data from the National Bureau of Statistics of
China, this paper presents a DEA model consisting of 3
inputs and 1 output to measure the efficiency of e-commerce
of agricultural products in China. /e contributions of this
research are that we have proposed a “broader picture” of the
efficiency of e-commerce of agricultural products. /e re-
sults of our study found some interesting phenomena. /e
number of logistics employees is significantly and negatively
correlated with the efficiency of e-commerce in China, and it
is speculated that the reason may be that the human capital
input of the logistics service industry has increased signif-
icantly, but the personnel serving agricultural products lo-
gistics are less and the professional quality level of logistics
personnel is low. /e length of traffic construction is not
significantly correlated with the efficiency of e-commerce; it
may be because there are many new roads and railways, but
the new routes are not the logistics transportation routes of
agricultural products, and the relatively bad transportation
conditions lead to the extension of transportation time
which is proportional to the damage rate of agricultural
products in the transportation process.

Although this study provides meaningful implications
for the efficiency of e-commerce evaluation, it has some
limitations and thus has further research issues. On the one
hand, more representative indicators can be analyzed in
future studies, and the results may be more accurate. More
diversified indicators can be paid attention to, for example,
the influence of policy guidance of agricultural products of
all provinces and cities nationwide, funds for agricultural
e-commerce assistance, and other factors on the efficiency of
agricultural e-commerce. On the other hand, a dynamic

approach, such as the Malmquist approach, can also be
adopted.

Data Availability

/e data required to reproduce these findings can not be
shared at this time as the data also form part of an ongoing
study.
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