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Abstract: A community with a shared future for mankind embodies the concept of sustainable
development. This is also China’s contribution to global governance. Some of the Sustainable
Development Goals (such as the elimination of hunger and malnutrition) require countries to
implement people-centered overall agricultural transformations, and achieving such agricultural
transformations is key to ensuring sustainable agricultural development and shifting agriculture
toward a greener and more ecological direction. This paper uses the SBM Directional Distance
Function and Malmquist Productivity Index with calculated data from 2000 to 2016. The results
show that, since 2000, China’s environmental performance index growth has been slow, with an
average annual growth rate of only 0.80%. This growth has gone through three phases: a stable up
and down phase, a volatility decrease phase, and a volatility increase phase. In general, agricultural
technological advances have played a more visible role in promoting a strong performance in reducing
carbon emissions. Agriculture in China is also on the way to becoming more sustainable and green.

Keywords: sustainable development; environment policy; environmental performance index (EPI);
SBM-undesired output

1. Introduction

The concept of a community with a shared future for mankind is an important idea that meets
the practical needs of sustainable development. Since putting forward the concept of a human
community with the “area” initiative, a series of enriched concepts of global cooperation has gradually
become socially recognized internationally by way of innovation and development to achieve global
ecological harmony [1]. This type of international peace, as a core principle, embodies China’s
role in global sustainable development [2]. The United Nations Sustainable Development Goals
(SDGs) regard the elimination of poverty and zero hunger as the first and second key goals of global
sustainable development [3,4], reflecting the important role of agriculture in the whole process of
human development [5]. As a vital part of world agriculture, China’s agriculture plays a very important
role in the process of human development [6]. Under new situations of development and to determine
how to achieve a sustainable transformation of China’s agriculture under the complex environments
both at home and abroad, the relevant environmental policies to be adopted must be effectively
screened [7]. From the perspective of the current development situation, China’s agriculture is facing
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large opportunities for development. Due to the pace of China’s rapid urbanization in promoting
the rural one-way flow into the city, many rural areas have become “hollow villages” with a lack of
young adults and a series of other problems [8]. However, at the same time, China’s rural areas are
very resource-rich and have vast areas of land, a good ecological environment, diversified products
for agricultural production [9], and are able to achieve agriculturally sustainable development [10].
From the perspective of international sustainable agricultural development, sustainable development
depends on agricultural transformation [11]. Modern agriculture in the United States adopts the
development mode of large-scale, mechanized, and high-tech agriculture and applies technological
innovation as an inexhaustible driving force for sustainable agricultural development [12]. Japan
employs resource conservation alongside capital and technological investments to develop its modern
agriculture. In terms of agricultural sustainability, Japan uses the mode of “green payment” to
realize compensation and maintains agricultural sustainability mainly by paying farmers to produce
agricultural products in pollution-free industries [13]. The irrigated agriculture of Israel, the efficient
and refined agriculture of the Netherlands, and the environmentally friendly and ecological agriculture
of France also provide important models for the sustainable development of China’s agriculture [14].

China’s agricultural development has entered a new period due to the opportunity for
modernization and development. Moreover, the traditional agricultural growth mode is in urgent
need of a new transformation [15]. Therefore, in the context of resource and environmental constraints,
determining how to construct environmental policies for sustainable agricultural development has
become vital for rural revitalization [16]. Policy science is the study of a series of interrelated policies
in the fields of production, organization, resource allocation, factors of production, and product
circulation. To adapt to the development of the rural contract responsibility system, tax and fee
reform, urban–rural integration, and other stages, China’s agricultural policy science has become a
guide for the sustainable development of agriculture [17], highlighting the policy and reform paths in
different periods. China’s agricultural and environmental policy has gradually matured along with the
historical context of the No. 1 Document of the CPC Central Committee. From 1982 to 2018, the No.1
Document of the CPC Central Committee followed the historical development trends, focusing on
issues related to agriculture, rural areas, and farmers [18] and endeavoring to solve developmental
problems. In 1982, the No. 1 Document of the CPC Central Committee officially recognized the legal
quota for each household, indicating that the country’s development focus began to shift toward
agriculture. With the development of China’s national conditions, the theme involved in the No. 1
Document of the Central Committee became gradually diversified. This development can be divided
into five stages: The second stage (2004–2007) mainly focused on how to increase farmers’ income and
stabilize production capacity; the third stage (2008–2012) focused on ensuring agricultural production
conditions and developing agricultural infrastructure and science and technology; the fourth stage
(2013–2020) has developed modern agriculture and promoted the development of green, organic,
and pollution-free agriculture. Overall, the strategy for sustainable rural revitalization is related to the
large differences in urban and rural resources and environments, the balanced development of food
security, industrial income increases and ecological protection, and the principle of taking step-by-step
measures according to local conditions. However, agriculture in China faces some challenges, such as
the degradation of land production capacity caused by continuous increases in production and the
increase in agricultural carbon emissions caused by the use of fertilizers and pesticides, which pose a
serious threat to the sustainable transformation of agriculture.

Scholars have widely measured performance in the process of agricultural production [19–21].
However, there is no consensus on the performance of the agricultural environment concept. Scholars
have adopted agricultural ecological efficiency, agricultural carbon emission efficiency, and even
agricultural carbon intensity as indicators to measure this concept. Thus, the methods are diverse,
especially the use of non-parameter methods, which are typical in data envelopment analysis, and the
parameter method, which is typical of stochastic frontier analysis [22]. When considering the
measurement of the agricultural production process, the work of previous scholars did not fully
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consider environmental factors; however, a lack of environmental factors will make agricultural
production performance measurements significantly higher, resulting in errors [23]. Scholars generally
understand environmental factors in one of three ways. The first is to regard them as inputs, the second
is to regard them as the same free disposal output as the expected output, and the third is to regard
them as weak disposal of the unexpected output. This study draws on the previous research results
and introduces the concept of undesired output into the measurement of agricultural environmental
performance. This paper measures China’s agricultural environmental performance from 2000 to
2016 and determines the overall pattern of change through the development of the growth situation.
The innovation of this study lies in its use of agricultural environmental performance as the key
variable of agricultural transformation, taking agricultural carbon emissions as an unexpected output
in the measurement process and exploring agricultural transformation.

2. Methods and Data

This study uses the work of Fare (2007) [24–26] based on the basic principles of low carbon
emission production technology. Suppose that there are N input factors x and the desired output y
along with an undesired output (such as wastewater, solid waste, greenhouse gas emissions, etc.):

x = (x1, x2, . . . , xN) ∈ RN
+

y = (y1, y2, . . . , yN) ∈ RM
+

b = (b1, b2, . . . , bN) ∈ RI
+

(1)

Then, the production possibilities set for low-carbon production technologies are as follows:

P(x) =
{
(y, b) : x can produce (y, b)

}
, x ∈ RN

+ (2)

The production set P(x) should meet the following conditions. P(x) is a bounded closed set,
which indicates that a limited input can only produce a limited output under the environmental
production technology condition P(x). In other words, in the case of a certain input of factors of
production, the output must be limited. Here, the reduction in non-consensual output under a given
input occurs at the expense of a desirable output, and the reduction in the two may be consistent
over the same period. Moreover, the zero-combination of desired output and undesired output [27]
(i.e., the production of expected output) is necessarily accompanied by an unexpected output, and the
only way to avoid the emergence of an undesirable output is to stop all productive activities:

P(x) is compact x ∈ RN
+

(y, b) ∈ P(x) and y′ ≤ y imply (y′, b) ∈ P(x)
(y, b) ∈ P(x) and c′ ≤ c imply (y′, b) < P(x)
(y, b) ∈ P(x) and b = 0 imply y = 0

(3)

In the actual operations and calculations, the above ideas can be concretized with the Data
Envelopment Analysis (DEA) method, i.e., expressed through DEA by “assuming that during a period,
there is a production unit in the input variable t = 1, . . . , T, which has k = 1, . . . , K units of production
and the input variable is (xt

k, yt
k, bt

k); then, the production process can be described” as the following
with constant scale compensation:

Pt(xt) =



(yt, bt) :
K∑

k=1
zt

kyt
k,m ≥ yt

m, m = 1, . . . , M;

K∑
k=1

zt
kbt

k,i = bt
i , i = 1, . . . , I;

K∑
k=1

zt
kxt

k,n ≤ xt
n, n = 1, . . . , N; zt

k ≥ 0, k = 1, . . . , K


(4)
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2.1. SBM Directional Distance Function

The DEA model mostly takes the form of radial and linear segmentation, which effectively
guarantees an increase in production possibilities. However, when there is over-input (“crowded”) or
insufficient output, the radial DEA overestimates the efficiency of the production unit [28]. A strict state
of full efficiency should have neither radial inefficiency nor a lack of input or output. With reference to the
input and output relaxation in the target function, Tone (2001) proposed a non-radial non-angle-based
relaxation-based efficiency model, which effectively solves the above defects [29]. Tone further
demonstrated that SBM is valid only if the CCR is valid (when relaxation is 0) and the SBM efficiency
value is less than or equal to the CCR efficiency value. Drawing on Tone (2001, 2003), the non-radial
non-angle SBM directional distance function model of the production unit k′(xt

k, yt
k, bt

k) in period t
contains non-consensual output:

→

St
c(xt

k, yt
k, bt

k) = p∗ = min
1−[ 1

N

N∑
n=1

sx
n/xk

n]

1+[ 1
M+1 (

M∑
m=1

sy
m/yk

m+
I∑

m=1
sb
i /bk

i )]

;

s.t.
K∑

k=1
=zt

kyt
k,m − sy

m = yt
k,m, m = 1, . . . , M;

K∑
k=1

=zt
kbt

k,i − sb
i = bt

k,m, i = 1, . . . , I;

K∑
k=1

=zt
kxt

k,m − sy
n = xt

k,m, n = 1, . . . , N;

zt
k ≥ 0, sy

m ≥ 0, sb
i ≥ 0, sy

n > 0, k = 1, . . . , K

(5)

where the value of the objective function directly contains the amount of input and output sx relaxation.
sy and the output sb, respectively, indicate the excess input and the output that is insufficient, effectively
solving the problem of output and output relaxation. p* strictly decreases with respect to sx, sy, and sb,
as well as p∗ ∈ [0, 1]. p∗ = 1 only when the production unit is fully efficient. At this sx = sy = sb = 0
time, there is no excess input and insufficient output in the optimal solution. In addition to considering
the impact of environmental pollution losses and slack, the model also has non-angular properties,
taking into account the reduction in inputs and the increase in output.

2.2. Malmquist Productivity Index

Based on the human studies of Chung et al. (1997), the Malmquist Productivity Index measure
includes the full factor productivity of undesired outputs [30,31]. Referring to the concept of
cross-period dynamics with reference to the Malmquist index geometric mean, we constructed the
all-factor productivity index from period t to t−1 based on the multiplication structure and the SBM
directional distance function of adjacent references, defined as agricultural environmental performance
(AEP):

AEP = M0(xt, yt, xt+1, yt+1) =
Dt+1

0 (xt+1, yt+1)

Dt
0(x

t, yt)
×

 Dt
0(x

t+1, yt+1)

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

×
Dt

0(x
t, yt)

Dt+1
0 (xt, yt)


1
2

(6)

where Dt
0(x

t, yt) represents the level of efficiency of the current period expressed by the technology in
t-period;

Dt+1
0 (xt+1, yt+1) represents the level of efficiency for the current period expressed by the technology

in t−1 period;
Dt

0(x
t+1, yt+1) represents the level of efficiency of issue t+1 represented by the technology of issue

t (i.e., the data for period t as a reference set);
Dt+1

0 (xt, yt) represents the level of efficiency in the t-period represented by the technology of the
period (i.e., the data for period t−1 as a reference set).
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Based on this, it can be clearly determined that the changes in the Malmquist Productivity Index
consist of two parts: The first includes the technical efficiency changes from the t-period to t−1 period,
and the second involves a change in technological progress from t-phase to t−1.

AEP represents the performance of the agricultural environment from t to t−1, which can be
broken down into the Technology Efficiency Change Index (EFF) and the Technology Progress Index
(TECH). TECH can be further divided into pure efficiency changes (PECH) and scale efficiency changes
(SECH). AEP > 1 indicates an increase in the carbon performance index, which then decreases. EFF > 1
means that technological efficiency has improved, while tech < 1 indicates technological progress at
the forefront of agriculture and vice versa.

2.3. Research Data

According to the literature review and the previous research results [32,33], a scientific and
reasonable input and output index evaluation system for agricultural production efficiency was
constructed (Table 1). Through the establishment of the index system, a foundation and guarantee were
provided for the objective evaluation of agricultural production efficiency. According to the definition
of agricultural production efficiency in the literature review, the evaluation system of production
efficiency was constructed by following the principle of index evaluation system selection (based on
accessibility, scientific value, purpose, etc.) in the literature review. The decision-making unit (DMU)
was taken as one of the 31 provinces (cities and districts) in China (not including Hongkong, Taiwan,
or Macao).

Table 1. Indicators of inputs and outputs.

Variable Index Unit

Input indicators Labor input Number of workers employed in
the tertiary sector Tens of thousands of people

Land input Crop planting area Thousand hectares
Pure amount of

agricultural fertilizer Tons

Pesticide use Tons
Agricultural film usage Tons

Total power of
agricultural machinery 10,000 kWh

Output indicators Total output value of agriculture, forestry, animal
husbandry, and fishing Billions of dollars

Agricultural carbon emissions Tons

Input index: The selected input indexes in this paper are mainly divided into labor
input, land resource input, and agricultural consumption resource input under three categories.
These categories include labor input to the provinces (cities, districts) based on of the number of
agricultural primary industry workers (units: 10,000 people); land input indicators selected while
taking into account different regional replanting indexes and the actual phenomenon of fallow and
abandoned land; and the land seed area selected as a land resource input variable (units: thousands
of hectares). The input index variable mainly uses the amount of agricultural fertilizer purification,
pesticide usage, and the amount of agricultural film used in the year. In terms of mechanical input
(mainly to the provinces) (cities, districts), the total power of agricultural machinery is used as the
calculation variable (units: 10,000 kilowatts), while the irrigation input considers the inaccessibility of
irrigation water. This paper uses the provinces (cities, districts) for the effective irrigation variable area
each year.

Output index: The purpose of this paper is to measure the agricultural carbon emission
performance index. For this reason, there are two output variables: one for the agriculture, forestry,
and fishery output value and the other, which is undesired (i.e., agricultural carbon emissions).
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The data used in this paper come from the China Rural Statistics Yearbook 2000–2017,
the Compilation of Agricultural Statistics for the 30 Years of Reform and Opening-up, the Compilation
of 60 Years of Statistics for New China, and the Yearbook of the Provinces and Municipalities. Among
them, the amount of agricultural fertilizer conversion, pesticide use, agricultural film use, crop seeding
area, total power of agricultural machinery and effective irrigation area, and rural first-industry
working population are subject to the actual situation of the current year. The analysis in this section
covers only 31 provinces, municipalities, and autonomous regions due to the accessibility of data.

In 2016, China’s total carbon emissions were 272.022 million tons, which is 26.67% more than that
in 2000 (Figure 1), with an average annual increase of 1.67%. The carbon emissions caused by land use,
rice planting, and livestock and poultry totaled 110.5649, 70.193, and 91.2642 million tons, respectively,
accounting for 40.64%, 25.8%, and 33.55% of the agricultural carbon emissions.
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Figure 1. Agricultural carbon emission in China from 2000 to 2016.

3. Results

3.1. Growth and Sources of Agricultural Environmental Performance in China

Based on the low-carbon agricultural productivity growth and sources of China, under low-carbon
constraints, China’s low-carbon agricultural production rate growth since 2000 has been slow (Table 2).
Based on the sources of growth, which mainly rely upon agricultural frontier technological progress,
China’s average annual contribution rate is 0.76%.

The agricultural environmental performance indicators for 2001, 2003, 2004, 2006, 2009, and 2012
are all below 1.0 (Figure 2), indicating that agricultural development in China deteriorated during
these years; for 2000, 2002, 2005, 2007, 2008, 2010, 2011, 2013, 2014, 2015, and 2016, the agricultural
environmental performance indicators are above 1.0, indicating that China’s agricultural development
improved during these years. The highest agricultural environmental performance index in 2014
was 1.0617, indicating that China’s low-carbon agricultural production level was greatly improved
in this year, with an increase of 6.17 percent compared to the previous year. In terms of technical
efficiency, the highest in 2014 was 1.0387, indicating that the improvement in agricultural technical
efficiency played an important role in promoting low-carbon agricultural development during that
year (its contribution rate reached 3.87 percent). At a technical level, the increase in 2011 was the
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most obvious. The improvement in China’s low-carbon agricultural development during the year of
agricultural frontier technology reached 9.25%, and the lowest value was observed for 2004 at only
0.9257. This year’s agricultural technological changes not only failed to promote China’s low-carbon
agricultural development but also made it deteriorate greatly, leading to the lowest level of the
low-carbon agricultural production rate in China (2000–2016; 0.9555).

Table 2. Growth in agricultural environmental performance and changes in sources.

Year EFF TECH PECH SECH AEP

2000 0.9852 1.0484 0.98097 0.9954 1.0329
2001 1.0275 0.9625 1.0176 1.0097 0.989
2002 0.9786 1.038 0.9836 0.9949 1.0157
2003 1.0104 0.9601 1.0064 1.004 0.9702
2004 1.0322 0.9257 1.0143 1.0177 0.9555
2005 0.9845 1.0216 0.9918 0.9927 1.0058
2006 0.9916 0.9997 0.9981 0.9936 0.9912
2007 0.9942 1.0386 0.995 0.9991 1.0326
2008 1.0124 1.0487 1.0095 1.0028 1.0616
2009 0.9924 0.9919 0.9844 1.0081 0.9843
2010 1.0036 1.0222 1.0049 0.9987 1.0259
2011 0.9594 1.0925 0.9752 0.9838 1.0483
2012 1.0008 0.968 0.9995 1.0014 0.9688
2013 1.0034 0.9996 1.0069 0.9965 1.0029
2014 1.0387 1.0221 1.0226 1.0158 1.0617
2015 0.9941 1.0206 0.9926 1.0015 1.0145
2016 1.0075 1.0282 1.0062 1.0013 1.0359
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3.2. Environment Time Series Characteristics of Performance Changes

Since 2000, China’s agricultural development has passed through three stages: a stage of steady
fluctuation, a stage of fluctuation, and a rising stage.

2000–2002 was a period of steady fluctuation. Although there were some fluctuations in the
development levels of low-carbon agriculture during this period, the inter-year changes were not
notable. Specifically, the 2001 Environmental Performance Index was below 1.0 at 0.9890, and in
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2000 and 2002, the low-carbon agricultural productivity was higher than 1.0, followed by 1.0329
and 1.0157. At this stage, China’s agricultural development experienced a period of rapid increase,
except in 2001. In the other years, the gross output value growth for the agricultural, forestry, animal
husbandry, and fishery industries (excluding price impact) indicated a real growth rate of more
than 6%. The development of the cultivation industry, especially the increase in grain production,
mainly depends on a large amount of input of agricultural materials, such as fertilizers and pesticides.
However, the increase in output also increased greenhouse gas emissions, thus increasing carbon
emissions to a certain extent. As a result, increased carbon emissions from livestock farming affected
agricultural carbon emissions.

In 2002–2006, China experienced a decline in volatility in addition to a slight rebound in 2005.
In the other years, low-carbon agricultural productivity was lower than 1 compared to the previous year,
indicating a downward trend. Thus, China’s agricultural growth slowed significantly, and the annual
growth rates of agriculture, forestry, animal husbandry, and fisheries were less than 5%. This was
related to the heavy environmental burden of the “three agricultural problems”, further highlighted by
farmers. This not only affected the agricultural economic output, resulting in a slow growth rate in the
total output value of the planting industry, but also greatly affected the agricultural ecological output.
The reduction in grain production led to a decline in China’s agricultural carbon emissions at this
stage—a disadvantage that greatly affected the performance of carbon emissions. At the same time,
the continuous increase in large livestock and pig breeding steadily increased the carbon emissions
caused by livestock and poultry breeding, which also affected China’s agricultural development.

The period of 2006–2016 was a period of volatility, during which most annual carbon emission
performance indexes were higher than 1.0. In 2008 and 2014, this index was greater than 1.05
with 1.0616 and 1.0617, respectively. During these 10 years, only in 2009 and 2012 was the
environmental performance less than 1.0—down by 1.57% and 1.12%, respectively, from the previous
year. The environmental performance in other years was higher than 1.0, which shows that although
there were some ups and downs in China’s low-carbon agricultural development at this stage, the overall
upward trend was more obvious. At this stage, China’s total output value of agriculture, forestry, animal
husbandry, and fisheries showed a relatively stable upward trend. The average annual growth rate
was more than 4–6%—slightly slower than the first stage but faster than the second stage. Since 2004,
the “benefit agriculture type” central document outlined factors related to rural productivity, enhanced
the enthusiasm of farmers, and greatly improved the agricultural production level. Subsequently,
the grain production achieved a record high with an unprecedented “ten consecutive increases”. On the
other hand, agricultural carbon emissions also experienced a period of rapid increase. Of course, this is
only part of the reason for the improvement in carbon emission performance; another key reason is
the continuous optimization of China’s animal husbandry industry structure. At this stage, China’s
animal husbandry industry maintained a good developmental trend. The total output value reached
a new level. Importantly, the resulting greenhouse gas emissions did not keep pace with the total
value of animal husbandry but instead showed a decoupling state. This occurred primarily because at
this stage, China’s animal husbandry industry structure was greatly optimized, thereby reducing the
number of large livestock and increasing the low emissions/high value-added livestock and poultry
breeding efforts, which not only ensured the output of animal husbandry but also somewhat reduced
greenhouse gas emissions to help achieve low-carbon development of the industry.

3.3. Environmental Performance Index Growth Sources and Evolution Characteristics

Based on the sources of growth in environmental performance over the years, 2001, 2003, 2004,
2012, and 2013 relied entirely on improvements in agricultural technical efficiency, while the role of pure
technical efficiency and scale efficiency was roughly the same; conversely, cutting-edge technologies
were degraded during this period. The years of 2000, 2002, 2005, 2007, 2011, and 2015 experienced
advances only in cutting-edge agricultural technology, with technical efficiency deteriorating, while 2014
and 2016 benefited from the dual contributions of technological efficiency improvements and
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technological progress, with the exception of 2014, during which the contribution of the environmental
performance index to the other three years was significantly less than that of the latter. Not only did
technological efficiency deteriorate in 2006 and 2009, but cutting-edge technology was also degraded.
In general, agricultural technological progress has played the most visible role in promoting the
promotion of low-carbon agricultural productivity.

In promoting China’s agricultural development, agricultural technological efficiency improvement
plays a relatively small role, as its average annual growth rate is only 0.04%. Agricultural technical
efficiency improved in 2001, 2003, 2004, 2008, 2010, 2012, 2013, 2014, and 2016, but the rate of
improvement was generally low, with the majority of the years improving within 3 percent and as
low as 1 percent. The remaining years of 2000, 2002, 2005, 2006, 2007, 2009, 2011, and 2015 showed
a deterioration in agricultural efficiency. In two of these years, this deterioration was greater than
2 percent. The evolutionary trajectory can still be roughly divided into three phases: 2000–2004 was a
stage of fluctuation. Although the change in agricultural technology efficiency was more dramatic,
the overall trend followed up–down cycle characteristics, and the final change was not significant.
The period of 2004–2010 represented a relatively stable stage, and the inter-annual value of agricultural
technology efficiency was maintained at about 1.0 with only small fluctuations. However, 2010–2016
was again a period of volatility. Although this period experienced large ups and downs, the final
cumulative value of agricultural technology efficiency compared to 2010 indicated no significant
change, and the largest fluctuations occurred in 2014 and 2011. The former agricultural technical
efficiency value increased by 3.87% compared with the previous year, with the largest improvement rate
in the calendar year, while the latter compared with the previous year’s sharp decline of 4.06 percent.
The latter was also the largest in the past year.

Figure 3 further analyzes the sources of changes in agricultural technology efficiency. The years of
2001, 2010, and 2013 were entirely dependent on improvements in pure technical efficiency, while scale
efficiency deteriorated. The contribution of other previous years to agricultural technical efficiency
was slightly higher than that of the latter, and the efficiency and scale efficiency of pure technology in
2000, 2005, 2006, 2007, and 2011 deteriorated. Although the role of the two factors was roughly the
same, the overall scale efficiency in the improvement of agricultural technology efficiency was more
significant. The average efficiency of 1.0010 indicates that the annual improvement in agricultural
technology efficiency was 0.10%.
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In comparison, the progress of agricultural technology has played the most significant role in
promoting the performance of the agricultural environment in China, and its average annual growth
rate has reached 0.76%. Agricultural technologies progressed in 2000, 2002, 2005, 2007, 2008, 2010,
2011, 2014, 2015, and 2016, and were generally significant at 2% or more, among which 9.25 percent,
4.87 percent, and 4.84 percent increases occurred in 2011, 2008, and 2000, respectively. Agricultural
technologies degraded in 2012 and 2013, with some years showing degradation of more than 3 percent.
In general, agricultural technology sometimes progressed and sometimes degraded, with a certain
degree of irregularity. However, combined with the change characteristics, these developments can
be roughly divided into five stages: The period of 2000–2002 was a smooth stage of ups and downs;
although there were some fluctuations, the overall change was not large. The average annual growth
rate was only 0.33%, but because the period of study experienced a certain amount of ups and downs,
the trend cannot be simply defined as “smooth”. In 2002–2004, a period of continuous decline,
agricultural technology deteriorated significantly for two consecutive years, with the degradation rates
reaching 3.99% and 7.43%, respectively; 2004–2011 was a period of volatility and increases. Except for
the small degradation of agricultural cutting-edge technology in 2006 and 2009, the other years showed
a progressive trend. The average annual growth rate at this stage also reached 2.64%, and the upward
trend was more obvious. The years of 2011–2013 were again a sustained period of decline, with
agricultural technology deteriorating for two consecutive years in 2012 and 2013—by 3.20% and 0.04%,
respectively, compared with the previous year. For the period of a continuous rise from 2013 to 2016,
agricultural technology continued to improve for three consecutive years, with growth rates of 2.21%,
2.06%, and 2.82%, respectively.

3.4. Provincial Distribution of the Agricultural Environmental Performance Index

The average agricultural environmental performance in 20 regions, including Beijing, Tianjin,
Hebei, and Shanxi, was greater than 1 (Table 3), accounting for 66.67% of the total number of provincial
administrative regions, while the average carbon emission performance of 10 regions, including
Hainan, Tibet, and Qinghai, was less than 1, accounting for 33.33% of the total number of provincial
administrative regions. Beijing topped the list by an absolute margin. Beijing’s environmental
performance index mean was as high as 1.0721, and its overall efficiency in environmental performance
increased at an average annual rate of 7.21%. Anhui ranked second, with an average value of
1.0433 compared with Beijing. Positions 3–10 are held by Jiangsu (1.0416), Tianjin (1.0608), Shanghai
(1.0367), Fujian (1.0367), Shandong (1.0335), Henan (1.0320), Guangdong (1.0298), and Zhejiang (1.0284).
Correspondingly, Hainan had the lowest average low-carbon agricultural productivity at 0.8886,
while Tibet was second to last, with 0.9503. The bottom 3–10 were determined to be Qinghai (0.9577)
and Guizhou (0.9795), Inner Mongolia (0.9848), Yunnan (0.9914), Sichuan (0.9948), Jiangxi (0.9959),
Ningxia (0.9985), and Hunan (0.9997). From a regional distribution perspective, the provinces with
high average carbon emission performance are mainly distributed in the eastern and central regions of
China, while the provinces with lower ACPTFP means are concentrated in the central and western
regions of China.

The difference between China’s environmental performance growth is more obvious among the
provinces, where Beijing is the fastest, Gansu is the slowest, and Ningxia along with 10 other regions are
declining. To show the characteristics of regional differences more clearly, combined with the absolute
differences and distribution characteristics of their environmental performance values, 31 provinces
(cities and districts) were divided into a “high-speed group”, “fast group”, “medium-speed group”,
“slow group”, and “declining group”. The “high-speed group” is a collection of provinces with
significantly higher carbon emissions performance than other regions. By comparison, only Beijing,
which meets this condition, has an environmental performance of 1.0721, which is significantly ahead
of Anhui, which ranks second. The “medium speed group” refers to the collection of all regions with
environmental performance levels above 1.00 but below 1.02, and the “declining group” refers to the
collection of all regions with environmental performance below 1.0.
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Table 3. Average Agricultural Environmental Performance.

Provinces EFF TECH PECH SECH AEP Ranking Types of Change

Beijing 1 1.0721 1 1 1.0721 1 High growth
Tianjin 1 1.0367 1 1 1.0367 4 Rapid growth
Hebei 1.0078 1.0107 1 1.0078 1.0185 15 Slow growth
Shanxi 1.0029 1.0017 1.0029 1.0001 1.0046 18 Slow growth

Inner Mongolia 1 0.9848 1 1 0.9848 26 Fall
Liaoning 1 1.0273 1 1 1.0273 11 Medium-speed drop

Jilin 1 1.0005 1 1 1.0005 19 Slow growth
Heilongjiang 1 1.022 1 1 1.022 13 Medium-speed growth

Shanghai 1 1.0367 1 1 1.0367 5 Rapid growth
Jiangsu 1 1.0416 1 1 1.0416 3 Rapid growth

Zhejiang 1 1.0284 1 1 1.0284 10 Medium-speed growth
Anhui 1.0151 1.0278 1.0114 1.0036 1.0433 2 Rapid growth
Fujian 1 1.0335 1 1 1.0335 6 Rapid growth
Jiangxi 0.9975 0.9986 0.9977 0.9999 0.9959 23 Fall

Shandong 1.0089 1.0229 1 1.0089 1.032 7 Rapid growth
Henan 1.0073 1.0224 1 1.0073 1.0298 8 Medium-speed growth
Hubei 0.9944 1.0115 0.9928 1.0015 1.006 17 Slow growth
Hunan 0.9994 1.0003 0.9972 1.0023 0.9997 21 Fall

Guangdong 1 1.0284 1 1 1.0284 9 Medium-speed growth
Guangxi 1 1.0103 1 1 1.0103 16 Slow growth
Hainan 1 0.8886 1 1 0.8886 30 Fall

Chongqing 1 0.9978 1 1 0.9978 24 Fall
Sichuan 0.9971 0.9978 1 0.9971 0.9938 24 Fall
Guizhou 0.9953 0.9842 0.9973 0.998 0.9795 27 Fall
Yunnan 0.9877 1.0034 0.9884 0.9993 0.9914 25 Fall

Tibet 1 0.9503 1 1 0.9503 29 Fall
Shaanxi 1.0058 1.0152 1.0022 1.0036 1.0212 14 Medium-speed growth
Gansu 0.9935 1.0016 0.9926 1.0008 1.0001 20 Slow growth

Qinghai 1 0.9577 1 1 0.9577 28 Fall
Ningxia 1 0.9985 1 1 0.9985 22 Fall
Xinjiang 1 1.025 1 1 1.025 12 Medium-speed growth
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The “high-speed group” only includes Beijing, whose environmental performance is much
higher than that of the other 30 regions. Beijing’s superior performance is due to the area’s higher
level of agricultural production and agricultural material utilization efficiency. Moreover, Beijing’s
environmental performance is closely related to its industrial structure. The low proportion of animal
husbandry in the area objectively reduces the carbon emission intensity of agriculture. In addition,
Beijing has a good geographical location—its market encompasses the capital, which increased the
market value of agricultural products to a certain extent.

The “fast group” includes Tianjin, Shanghai, Jiangsu, Anhui, Fujian, Shandong, and four other
provinces along with two cities, mainly distributed in East China and North China. Among them,
Tianjin and Shanghai are municipalities directly under the Central Government, where the level of
agricultural production is higher, and agricultural materials have also been fully utilized. These factors
coupled with the area’s superior geographical location make agriculture relatively more efficient and
have led to the area’s rapid environmental performance growth. Shandong, as a traditional agricultural
province and a strong province, has a high degree of organization in its agricultural production, a more
reasonable industrial structure, and outstanding agricultural production benefits. Anhui and Fujian
mainly benefit from their industrial structure, where the proportion of livestock and poultry farming
industry is low, which objectively reduces the level of carbon emissions.

The “medium speed group” includes Liaoning, Heilongjiang, Zhejiang, Henan, Guangdong,
Shaanxi, Xinjiang, and six other provinces plus one, mainly distributed in China’s northeast, southeast
coast, and northwest regions. Liaoning, Heilongjiang, and Henan are the main grain-producing areas
of China, where the proportion of the planting industry is relatively high. However, Liaoning and
Heilongjiang are limited by a relatively single variety of structures, low value-added agriculture.
Henan is limited by its large population and limited land in ensuring that its output increases
its agricultural material input, which also objectively exacerbated carbon emissions, resulting in
environmental performance growth in these three areas only at a mid-range level. Zhejiang and
Guangdong have a high degree of agricultural modernization. However, because they are not the
main grain-producing provinces, and their economies are not focused on agriculture, their low-carbon
agricultural development has been negatively affected to a certain extent. Shaanxi is mainly limited
by its climatic conditions and soil conditions. Fortunately, less rice is grown in the area, so its
environmental performance growth rate is still at a medium level. The high proportion of animal
husbandry in Xinjiang objectively reduces the growth rate of the area’s environmental performance.

The “slow group” includes Hebei, Shanxi, Jilin, Hubei, Guangxi, Gansu, and five other provinces
plus one district. The regional distribution is relatively scattered, with the Northeast, North China,
Central China, Southwest, and Northwest all involved. Hebei and Jilin are mainly subject to their
crop planting structures, featuring mainly food crops and relatively few cash crops, which makes the
economic and ecological benefits unsure. On the one hand, Hubei has a large rice planting area; on the
other hand, it lacks agriculturally superior industries and competitive industries. Moreover, the area’s
deep processing is average, and its agricultural benefits are relatively poor. The natural conditions
for agricultural production in Shanxi and Gansu are also relatively poor, and its industrial structure
is average, resulting in low-carbon agricultural productivity at a low level. Although Guangxi’s
agricultural carbon sinks rank among the top in the country, the area’s comprehensive agricultural
production level is low, its carbon emissions are at a high level, and its agricultural production benefits
are average, which has slowed the area’s low-carbon agricultural development.

The “declining group” includes Inner Mongolia, Jiangxi, Hunan, Hainan, Sichuan, Chongqing,
Guizhou, Yunnan, Tibet, Qinghai, and Ningxia; these areas are mainly located in Central China,
Southwest China, and Northwest China. Two of these areas are mainly affected by their industrial
structures. In these areas, the rice cultivation area is large, the proportion of cash crops is low, and the
resulting carbon emission performance is also low. Inner Mongolia, Tibet, Qinghai, and Ningxia
hold an important position in the animal husbandry industry, which makes their agricultural carbon
emissions relatively high. The small scale of the planting industry in these areas reduces the output
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of carbon sinks, thus restricting agricultural development. For Sichuan and Guizhou, because of the
locations of their cross-mountain areas, their ecological environment is relatively poor, and the level of
their agricultural output is relatively low. Increases in Hainan’s agricultural output mainly depend on
increases in the agricultural material input, which belongs to typical high-carbon agriculture.

4. Discussion

Since 2000, China’s environmental performance index growth has been slow. The average annual
growth rate is only 0.80%, and China’s environmental performance index can be divided into three
stages: a stable up and down phase, a volatility decrease phase, and a volatility increase phase.
The period of 2000–2002 featured smooth ups and downs; despite certain fluctuations in the level
of low-carbon agricultural development, cumulative productivity remained at about 0.98 overall.
With the exception of a slight rebound in 2005, the period from 2002 to 2006 was a period of declining
volatility; the environmental performance of all other years was below 1.0, indicating a downward
trend compared with the previous year. The years of 2006–2016 were a period of rising volatility.
The agricultural environmental performance level increased from 0.9256 to 1.1645, an increase of
25.81%. Except for 2009 and 2012, low-carbon agricultural productivity was higher than 1.0 in all other
years. In terms of the sources of growth in environmental performance over the years, the years of
2001, 2003, 2004, 2012, and 2013 relied entirely on improvements in agricultural technical efficiency,
with pure technical efficiency and scale efficiency playing roughly the same role, while technology
was degraded. The years of 2000, 2002, 2005, 2007, 2011, and 2015 were entirely reliant on advances in
agricultural technology, with technical efficiency deteriorating. In 2014 and 2016, the contributions
of technological efficiency improvements and technological progress were significantly smaller than
those of the other three years, except for 2014. In general, agricultural technological advances played
the most visible role in promoting positive carbon emissions performance.

5. Conclusions

In the development process of China’s agricultural modernization, the goals include: constructing
a decision-making support system for structural reform on the supply side; linking the results of field
research, observational data, simulations, and analyses of the moderate scale of modern agriculture
using regional modern agricultural development models and model simulations; and exploring
the key regulatory measures of agricultural modernization elements and policy optimizations in
future situations, coupled with basic research innovation and a decision-making support system
alongside the “New Normal State of China’s Economy” and the “One Belt and Road Strategy”. Modern
agricultural research provides policy support and decision-making support for such topics as the
coordinated development of urban and rural areas and the constraints of resources and the environment.
To clarify the development path and international orientation of China’s agricultural modernization,
combined with theoretical and empirical investigations, we must take the following steps: clarify
the constraints, target orientations, path selections, and policy formulations of China’s agricultural
modernization transformation; identify the path of agricultural modernization in typical countries
around the world; study and predict the orientation of China’s modern agricultural development
level in the global development path; construct an index system that affects the transformation of
agricultural modernization; explore the relationship between fairness and efficiency in the agricultural
transformation mechanism; and put forward a path and policy plan for this agricultural transformation.

In this paper, we analyzed the agricultural modernization systems of several major countries
along with China. When filtering the parameters of agricultural modernization research in developed
countries, studies were found to focus on a single element, such as agriculture, industry, urbanization,
or land use structure changes. There is a lack of comprehensive analyses of agricultural systems
in China due to the influence of traditional agricultural development models. Thus, agricultural
modernization system analysis and future path predictions are still in their infancy. To explore
factors such as domestic and foreign resources and environmental policy, industrial structure
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adjustments, the urbanization process, land-use space–time, and differences in the process of
agricultural modernization, we accomplished the following: we identified the key mechanisms
affecting the development of agricultural modernization; we constructed a modern agricultural system
analysis model that depicts the technical level, total factor productivity, resource environment, and
social and economic indicators; and we studied the direction and path of the transformation of China’s
current and future agricultural modernization process. Under the constraints of resources and the
environment, by using grain structural adjustments and cost–benefit analyses, we researched the
current situation of a typical global country and China’s modern agricultural development, built a
national analysis database for the modern agricultural development model, and selected different
modern agricultural cost–benefit accounting methods based on socio-economic, resource efficiency,
and environmental conservation constraints to carry out multi-scenario forecasting, reveal the national
modern agricultural scale–efficiency–benefit relationship, refine the most suitable and effective modern
national agricultural model, and select a reasonable and effective food structure adjustment program.
Constructing a comprehensive simulation model of modern agriculture in China faces several issues.
China currently suffers from weak basic agricultural data, a low degree of data standardization,
and policy gaps in agricultural supply-side reform. The application of big data technology was used
to build an integrated simulation model for China’s modern agricultural to capture consumption in
real-time, track market changes, provide a personalized push (alongside other needs), and achieve
domestic resource factor market optimization distribution and comprehensive decision-making,
thereby facilitating the transformation of agricultural production from a “production-oriented” to a
“consumer-oriented” model. In this way, a comprehensive analysis capacity under the constraints of
modern agricultural production and resource environments is formed. When studying agricultural
transformation and development, studies on the new normal of China’s economy, the “Belt and Road
Strategy”, the coordinated development of urban and rural areas, and the constraints of resources and
the environment, provide important opportunities for the expansion of agriculture and enable us to
construct a new pattern of modern agricultural development. We suggest implementing special policy
and decision-making support that is suitable for the development of China’s agricultural modernization.
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