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Green development and low-carbon economy play important roles to achieve sustainable society. Since
agricultural production is the foundation of the Chinese national economy, agricultural green production
acts as the driving force in green economy development, as well as a prerequisite to realize green
behavior and sustainable ecology. Different from traditional agricultural production, the idea of agricultural green production also put many factors including economy, environment, and social development into comprehensive consideration. It provides the future directions of China’s agriculture. This
research aims to systematically sort the agricultural green production goals from ﬁve dimensions: supply
capacity, resource utilization, environment quality, ecosystem maintenance, and farmers’ lives. An
agricultural green production assessment index system was constructed based on national agricultural
census data indicators. Furthermore, the gap between China’s agricultural green production status and
target value, as well as the vertical and spatial evolution of agricultural green production levels in China
have been determined empirically relying on the data from three national agricultural censuses and
additional statistical data from national statistical yearbooks and coefﬁcient manuals. Moreover, key
recommendations were provided for path optimizing and China’s agricultural green production
upgrading.
© 2019 Elsevier Ltd. All rights reserved.
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1. Introduction
Since China’s reform and opening up, Chinese agriculture has
undergone major transformations, from collectivization to marketization, from a small-scale peasant economy to a large-scale
operation. With only 8% of the arable land on the earth, China’s
agricultural sector feeds 18% of the world’s population.1 Modern
agriculture, marked by mechanization, water conservation, and
electriﬁcation, has made remarkable achievements, such as promoting agricultural growth, and increasing farmers’ income which
improves the quality of life. However, it also has brought various
unneglectable environmental consequences in China, for example,
the shortage of natural resources, the serious environmental
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pollution, and the imbalanced ecosystem (Chen et al., 2017; Shen
et al., 2018; Mi et al., 2018; Fang et al., 2017). Based on the latest
World Bank statistics, the per capita arable land and fresh water
resources in China are only 1/2 and 1/3 of the world average, the
average grade of cultivated land is 9.95, the proportion of superior
and higher cultivated land is less than 30%, and the effective utilization coefﬁcient of agricultural irrigation water is only 0.53. 2 The
resource utilization efﬁciency of China is low. In addition, the ﬁrst
national pollution source census bulletin indicated that the proportion of agricultural chemical oxygen demand (CODcr, 13.24
million tons), total nitrogen (TN, 2.70 million tons), and total
phosphorus (TP, 0.28 million tons) emissions took 43.7%, 57.2% and
67.3% of the total emissions, respectively. Traditional agricultural
production methods have over-exploited the natural resources,
leading to problems such as soil degradation, environmental

2
The Agricultural Land Quality Classiﬁcation Regulations (GB/T 28407-2012)
rated the country’s cultivated land according to 15 speciﬁc grades; the 1st grade
represents the best quality cultivated land, and the 15th grade the worst.
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pollution, and product quality defects. The greening of agricultural
production methods and development models are of vital importance in China (Yang et al., 2013; Wang et al., 2014a,b; Luo et al.,
2014).
Since the release of “No. 1 Central Document” in 2004, “three
rural issues” have raised much attentions. Low carbon emissions,
recycling, and ecologically friendly, organic, and green agriculture
have been given more development priority. Chinese agriculture
will usher in a green revolution. Actively promoting agricultural
green production (AGP) is an inevitable trend for the sustainable
development of modern agriculture (Wan et al., 2018; Zhang et al.,
2018a). In 2017, the “Opinions on Innovative System Mechanisms to
Promote Green Development of Agriculture” issued by the General
Ofﬁce of the Communist Party of China and the General Ofﬁce of the
State Council of the People’s Republic of China pointed out that the
green development of agriculture is based on spatial optimization,
resource conservation, environmental friendliness and ecological
stability; taking food security, green supply of agricultural products,
and increasing farmers’ income as basic tasks; taking institutional
innovation, policy innovation, and technological innovation as the
basic driving force. As an important part of the green development
of agriculture, agricultural green production aims at energy conservation, consumption reduction, pollution reduction, and develops high-quality, high-efﬁciency, ecological and safe agricultural
production methods through standardized production models.
The AGP is a comprehensive concept, both a mean and a goal,
which integrates organic agriculture, circular agriculture, lowcarbon agriculture, ecological agriculture, and green agriculture
(Wang, 2014; Zhang and Wu, 2017). Traditional agriculture overemphasizes economic beneﬁts. However, since agricultural resources, ecology, and the environment process the attributes of
public product, they are always at a disadvantage when competing
with private interests. It is difﬁcult to achieve a balance between
economic, ecological and social beneﬁts. And the Pareto optimality
cannot be achieved (Fang et al., 2013, 2014; Gao et al., 2014; Wang
et al., 2014a,b; Tian et al., 2019). By the contributions from growing
scientiﬁc and technological innovations, the AGP is expected to
utilize natural, human, and social resources effectively. By which,
the current conﬂict between agricultural development and the
wellbeing of resources, ecology, and the environment could be
reconciled (Horlings and Marsden, 2011; Goldman and Smith, 1995;
Gao and Tian, 2019).
As the basic organizational unit linking farmers with society,
country and market, the green production behavior of farmer
households plays a decisive role in the development of AGP. The
existing research on the green production behavior of farmer
households are mainly based on questionnaires to investigate the
inﬂuencing factors and development status of farmer households’
green production behavior. For example, Gao (2019) indicated that
the farmer households’ choice of green production behavior is a
complex process. Factors such as individual characteristics,
household characteristics, the perception of the Rural Revitalization Strategy, and potential beneﬁts of green development of
agriculture are found to positively inﬂuence farmer households’
green production behavior.
In addition, scholars have conducted extensive research on the
inﬂuences of agricultural green development. The existing researches mainly evaluate the green development process of agriculture by constructing the agricultural green development index.
Using process analysis to track all aspects of agricultural development is a common method for selecting agricultural green development indicators. Guo (2011) calculated the agricultural green
development index by establishing an indicator system using four
dimensions, including green production, green products, economic
efﬁciency, and living standards. On the basis of this, Lu and Tan

(2016) reﬁned the level of analysis and expanded the index system into six dimensions: input level, output level, information
level, social development level, market development level, and
sustainable development level. Qing (2017) comprehensively
evaluated the status of agricultural green development from four
dimensions of economy, input, utilization and safety, based on the
4R principle of agricultural circular economy, and conducted an
empirical analysis of the advantages and existing problems of
agricultural green development in different regions. Wu et al.
(2017) directly established the criterion from three aspects of
economic beneﬁts, social welfare and ecological wealth, and used
the “goal consistency” evaluation method to assess the green
development process of Northern Wilderness Agriculture. Besides,
an object-oriented analysis approach has been used by other researchers. Parviz et al., (2012) determined the threshold criteria for
green development of agriculture from three aspects: food sovereignty, energy sovereignty, and technological sovereignty. Veisi
et al. (2016) used the Analytic Hierarchy Process (AHP) to develop
a hierarchical network at the two levels of evaluation criteria and
alternatives from the perspectives of government, agricultural
systems, resources, products, farmers, etc.
The above researches are of great signiﬁcance to get better understanding of the status quo of China’s agricultural green development. However, due to the rareness and time discontinuity of
microdata, the research on the green production behavior of
farmers households can only be used to study in some areas, and it
is impossible to examine the status quo of China’s agricultural
green development from the national level. Besides, as for the researches on the agricultural green development, the index systems
from scholars such as Guo et al. (2018), Wei et al. (2018), Ye and Gao
(2018), and Zhang et al. (2018b) began to consider environmental
protection, resource conservation, and ecological health. On the
whole, the existing index system of agricultural green development
either focuses on agricultural products or on economic development. Focusing solely on the economic beneﬁts of agricultural
products will not fully measure the current status of agricultural
green development. Agricultural green production performance
evaluation as a basis for evaluating the green development process
of agriculture is important. However, due to the lack of data and the
uniform evaluation criteria, the evaluation of agricultural green
production is rare in the existing literature.
The AGP is the foundation and necessary link in the green
development of agriculture. Green development of agriculture is an
important part of green production. Therefore, we use the objectives of agricultural green development as an evaluation criterion
for AGP, which was issued in the “Opinions on Innovative System
Mechanisms to Promote Green Development of Agriculture” by the
General Ofﬁce of the Communist Party of China and the General
Ofﬁce of the State Council of the People’s Republic of China in 2017.
Then the objectives of the AGP are summarized as the following ﬁve
aspects: a continuous enhancement in supply capacity, a more
efﬁcient mean of exploiting resources, a cleaner environment for
products, a more stable ecosystem, and a more afﬂuent life for
farmers.
Based on the third national agricultural census index, this study
combines other agricultural production statistical indicators to
determine the evaluation indicators of agricultural green production, and uses the comprehensive index method to construct
China’s agricultural green production performance evaluation system. Comparing the target values of various related indicators with
the present value in 2017, we ﬁnd that there are still large gaps in
some indicators, and China’s AGP still needs improvements.
Empirical measurement and a spatial-temporal difference analysis
of AGP levels using various dimensions of AGP were performed. The
results showed that there is a great regional imbalance in the
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Fig. 1. Objectives of China’s agricultural green production.

development of AGP in China. The differences in development are
primarily caused by a lack of supply capacity, inefﬁciencies in
resource utilization, and farmers’ poor quality of life. The common
problem is that the environment is not clean enough and the
ecosystem is not stable enough.
The remainder of this paper is organized as follows. Section 2
analyzes the objectives of agricultural green production and its
status quo. Section 3 introduces the source of the data. Section 4
presents the agricultural green production evaluation system and
empirical measurement results, and section 5 concludes.

2. Objectives and status quo of China’s agricultural green
production
2.1. Objectives of China’s agricultural green production
With the “National Agricultural Sustainable Development Plan
(2015e2030)”, “the Opinions on Innovative System Mechanisms to
Promote Green Development of Agriculture”, and “the Technical
Guidelines for Agricultural Green Development (2018e2030)” as
references, the objectives of China’s Agricultural Green Production
can be summarized in the following ﬁve dimensions: a continuous
enhancement in supply capacity, a more efﬁcient mean of
exploiting resources, a cleaner environment for products, a more
stable ecosystem, and a more afﬂuent life for farmers. The speciﬁc
objectives of China’s agricultural green production are shown in
Fig. 1.
The AGP is a production method that places green production at
a key position in the core position of ecological civilization construction. The AGP requires that the agricultural development
pattern should match the resource and environmental carrying
capacity, and at the same time, it should be coordinated with the
needs of life and production. The AGP is a production method that
strives to achieve no reduction in the amount of cultivated land, no
reduction in the quality of cultivated land, no over-exploitation of
groundwater, zero increase in the use of chemical fertilizers and
pesticides, and full utilization of straw, livestock and poultry
manure, and agricultural ﬁlm, which helps to achieve sustainable
agricultural development, farmers’ lives are more afﬂuent, and the
countryside is more beautiful and livable.

2.2. Status quo of China’s agricultural green production
The indicator values of the AGP targets were collated in the
ofﬁcial policy guidance document, and compared them with the
present value of the indicators. Table 1 lists the target values and
the present values of 2017 of the relevant indices indicated in the
policy document.
By comparing the target value with 2017 actual data, we ﬁnd
that distinct disparities still exist. For instance, the average farmland quality is 9.95, and high-quality land is less than 3% of Chinese
soil. Through a variety of projects including land rearrangement
and high-standard farmland construction, the quality loss of arable
land is compensated. Thus, the overall property of farmland
nationwide is stabilized. Nonetheless, huge efforts are still needed
to meet farmland quality goals in 2020 and 2030. Furthermore,
after plans are implemented to reclaim agricultural ﬁlm as well as
recycling livestock and poultry waste, the rate of reclamation and
comprehensive utilization is more than 60%, yet it is rather insufﬁcient compared with the 2020 goal.
3. Data
3.1. Data source
China’s agricultural green production data indicators are drawn
from the China Statistical Yearbook (1978e2018), China Rural Statistical Yearbook (1978e2018), China Environmental Statistics Yearbook (1978e2018), China Knowledge Resource Integrated Database
(CNKI), National Forest Inventory Results (1978e2018), and the third
national agricultural census data of the State Council (2016).3
The third Chinese agricultural census ended at December 31,
2016, and the census information was counted by 2016. The scope
of the national agricultural census is comprehensive and detailed,

3
The agricultural census is organized by the State Council of China and organized
by the Ministry of Agriculture and the National Bureau of Statistics as a means of
conducting a comprehensive national strength survey on the comprehensive
development of the “three rural” developments. The national agricultural census is
carried out every ten years and includes the comprehensive situation of China’s
agriculture, rural areas, farmers, rural land circulation, agricultural production, new
agricultural management entities, agricultural scale and industrialization, and
sustainable agricultural production.
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Table 1
China’s agricultural green production status quo and target value.
Target

Sub-target name

2017 present
value

2020 target value

2030 target value

supply capacity

integrated grain production capacity

550 million tons

e

agricultural science and technology progress contribution rate

618 million
tons
58%

comprehensive mechanization level of main crops

66%

68%

agricultural product quality supervision and inspection batch pass rate

91.5%

further
improvement
further
improvement
e

number of industrial enterprises above designated size in agricultural and sideline food 24661
processing industry
number of guests in the country leisure tour
2.5 billion
people
resource utilization cultivated land holdings
2.23 billion mu
basic farmland protection area
1.55 million mu
average grade of cultivated land quality
9.95
effective irrigation rate of farmland
53%
farmland water saving irrigation rate
51%
environment
fertilizer utilization
38%
quality
pesticide utilization
39%

ecosystem
maintenance

farmers’ lives

60%

1.865 billion mu
1.56 million mu
9.46
55%
64%
40%
40%

national soil testing and fertilization technology coverage

76.7% (2014)

90%

straw comprehensive utilization rate
comprehensive utilization rate of aquaculture waste
agricultural ﬁlm recovery rate

82%
60%
60%

85%
75%
80%

basic farmland forest network control rate
forest cover rate

e
21.66%

90%
23%

grassland comprehensive vegetation coverage
proportion of healthy aquaculture area
wetland area
per capita disposable income growth rate of rural residents
urban-rural real income ratio

55%
e
8.04 billion
7.3%
2.4:1

covering all aspects of agricultural production in China. Therefore,
this study determines an agricultural green production evaluation
index system (AGPI) and a speciﬁc calculation method based on the
data indicators of the agricultural census. The agricultural census is
conducted in every ten years: 2016 (the third Chinese agricultural
census), 2006 (the second Chinese agricultural census) and 1996
(the ﬁrst Chinese agricultural census). This study supplements the
indicators for the remaining years based on the China Statistical
Yearbook, China Rural Statistical Yearbook, China Environmental
Statistics Yearbook, CNKI, and the National Forest Resources Inventory
Results. This effort leds to the continuation of data indicators for
nearly 40 years, which has helped to comprehensively examine the
status of China’s agricultural green production behavior development (28 provincial-level regions).4
Some additional indicators, such as “agricultural pollutant
emissions”, are accounted for by the Soil and Water Assessment
Tool (SWAT), developed by the U.S. Department of Agriculture
(USDA) Agricultural Survey (ARS). The “agricultural pollutionproducing unit” mainly comes from three types of agricultural
production activities: crop production, livestock and poultry production, and aquaculture production. Contaminants include CODcr,

4
Due to the particularity of economic and social development conditions and the
incompleteness of statistical data, this empirical analysis does not include the Tibet
Autonomous Region. In 1988, Hainan was established as a separate province. In
1997, Chongqing became a municipality directly under the Central Government. In
order to maintain a consistent statistical caliber, Hainan and Chongqing were
included in Guangdong and Sichuan.

56%
65%
800 million mu
continued growth
further narrowing
down

further
improvement
further
improvement
e
e
e
18.25 billion mu
1.546 billion mu
8.96
57%
75%
further
improvement
further
improvement
further
improvement
100%
90%
further
improvement
95%
further
improvement
60%
90%
830 million mu
continued growth
further narrowing
down

TN, TP, pesticide loss, and agricultural ﬁlm residues. The list of
speciﬁc pollutants is shown in Table 2. The calculation of indicators
refers to the Handbook of Fertilizer Loss Coefﬁcient of Agricultural
Pollution Sources, the Manual of Source and Sewage Discharge Coefﬁcient of Livestock and Poultry Industry, the Manual of Pollution
Source and Sewage Discharge Coefﬁcient of Aquaculture, the Handbook of Pesticide Erosion Coefﬁcient, and the Manual of Farmland Film
Residue Coefﬁcient.

3.2. Data preprocessing
Due to missing values in some indicators, we establish a timeseries model to make up for the incomplete indicators, such as
water-saving irrigation area, agricultural ﬁlm usage, per capita
housing area of rural residents. Furthermore, we use a weighted
average interpolation to replace the missing data, such as pesticide
use, in the middle years, which assigns equal weights to the previous year and the subsequent year.
To ensure that the economic indicators of different years and
regions can be linked in total quantity and structure, we eliminate
the inﬂuence of price factors. Setting 1978 as the base year for
constant price, we use the Gross Domestic Product (GDP) deﬂator
index for different regions to convert the gross output value of
agriculture, forestry, animal husbandry, and ﬁshery into invariable
price indicators; we use consumer price index (CPI) in rural areas to
convert the per capita disposable income of rural residents and per
capita consumption expenditure of rural residents into invariable
price indicators.
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Table 2
List of agricultural pollution units.
Project

Pollution factor

crop production

fertilizer

Category

surface runoff
underground
leaching
solid waste
food crop
economic crop
pesticide
penetration
agricultural ﬁlm
residue
livestock and poultry production livestock
livestock
poultry
poultry
aquaculture production
bred in sea water ocean
bred in freshwater inland river

Survey unit

Unit

Emission list

nitrogen, phosphate, compound fertilizer application
amount

10,000 tons

TN, TP

rice, wheat, corn, beans
potato, oil
pesticide
agricultural ﬁlm
cow, pig
poultry
bred in sea water
bred in freshwater

10,000 tons

4. An evaluation of China’s agricultural green production
4.1. Index system construction
4.1.1. Index selection
Starting from the goals of AGP, this paper draws on the experiences of other countries with advanced AGP levels in the world to
build China’s agricultural green production evaluation index system (AGPI). Our evaluation system takes China’s agricultural green
production level as the ﬁrst-level indicator, and takes the development goals of agricultural green production (supply capacity,
resource utilization, environment quality, ecosystem maintenance,
and the lives of farmers) as the secondary indicators. In determining the three-level indicators, the best way is to use the indicators in the sub-goals of AGP mentioned in the “Opinions on
Innovative Institutional Mechanisms to Promote Green Development of Agriculture” as the three-level indicator of the indicator
system. However, since the national agricultural census is conducted every 10 years, the indicator data has a temporal discontinuity. It is impossible to comprehensively measure the
development of China’s AGP if we only use three agricultural census
data.
Therefore, based on the third national agricultural census index,
we use the statistics such as China Statistical Yearbook and China
Rural Statistical Yearbook to ﬁnd indicators related to agricultural
green production. After that, based on the scientiﬁc nature of the
indicator system and data acquisition, we further screened the
obtained indicators and obtained the three-level indicators used in
this paper. Finally, our AGPI includes one ﬁrst-level indicator, ﬁve
second-level indicators, and seventeen third-level indicators. The
index system is shown in Table 3.

Survey indicator

total output

CODcr,
TN, TP
usage amount
10,000 tons pesticide
usage amount
10,000 tons agricultural ﬁlm
save (out) column 10,000 heads CODcr,
volume
10,000 pcs
TN, TP
total output
10,000 tons

4.1.2. Weight determination
The weight reﬂects the relative importance of each indicator and
plays a key role in the evaluation of AGP performance. We determine the index weight by removing the structural difference of the
indicator based on the indicator importance score. Referring to the
index weight determination method by Lan et al. (2006), this study
calculates the importance weight w1 of each index via analytic
hierarchy process (AHP).
Since China’s reform and opening up, great changes have taken
place in agriculture. Value indicators such as constant price per
capita of agricultural, forestry, animal husbandry and ﬁshery output
value; the actual per capita disposable income; and the consumption expenditures of rural residents have increased by 10, 15, and 36
times, respectively. The physical quantity indicators such as per
capita grain output and labor-average planting area have also
doubled, yet the gap between their growth rate and value indicators is substantial. Therefore, if we use weight as the importance score of indicators, the role of value indicators will be
exaggerated and the impact of physical indicators concealed. To
solve this, our paper calculates the structural weights of the indicators in each level as follows:


w2 ¼

1

=ci

  
P 1
=ci

(1)

ci is the coefﬁcient of variation of the i-th index, which measures
the structural difference of the index. The larger the difference in
structure, the smaller the weight given; in contrast, the smaller the
difference in structure, the greater the weight given.
The comprehensive weight of the index is w ¼ w1 w2 , which not

Table 3
Agricultural green production performance evaluation system.
Second-level indicator

Weights (%)

Third-level indicator

Unit

Weights (%)

supply capacity

25.1

resource utilization

26.9

environment quality

11.3

ecosystem maintenance

21.2

farmers’ lives

15.5

per capita agricultural, forestry, animal husbandry and ﬁshery output value
per capita food production
unit planting area mechanical power
average planting area
cultivated land multiple cropping index
farmland water saving irrigation rate
CODcr per unit of output
TN per unit of output
TP per unit of output
loss of pesticides per unit area
membrane residue per unit area
forest cover rate
afforestation area
actual per capita disposable income of rural residents
actual per capita consumption expenditure of rural residents
Engel coefﬁcient
per capita housing area

Yuan/person
Kg/person
Kw/hectare
Hectare/person
%
%
Kg/10,000 yuan
Kg/10,000 yuan
Kg/10,000 yuan
Kg/hectare
Kg/hectare
%
1000, hectares
Yuan/person
Yuan/person
%
%

22.8
27.4
20.2
29.6
68.1
31.9
26.1
26.5
24.3
12.5
10.6
55.5
44.5
22.1
18.5
41.0
18.4
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only reﬂects the importance of each index in the evaluation system,
but also balances the impact of the huge differences in the
magnitude of index changes on the results.
4.1.3. Index synthesis
The agricultural green production index (AGPI) is calculated
adopting a comprehensive index method, that using the weighted
average of ﬁve sub-indices (supply capacity, resource utilization,
environment quality, ecosystem maintenance, farmers’ lives).
Step 1:

.
ltikn ¼ ztikn zt¼1978
ikn

(2)

.
ltikn ¼ zt¼1978
ikn
ztikn

(3)

ztikn denotes the n-th third-level index of i-th second-level index in
t-th year of area k. Since the direction of the indicator is different, in
order to give the vertical signiﬁcance to the AGPI and helps realize
the convergence of the indicators. We calculate the relative value
ltikn of the ztikn . According to the utility, the performance evaluation
indicators of AGP can be divided into positive and negative indicators. The positive indicators are transformed by formula (2);
The negative index is transformed by formula (3), such as CODcr per
unit output value, TN per unit output value, TP per unit output
value, and pesticide and agriculture ﬁlm residues per unit sowing
area.
Step 2:
t
Iik
¼

ni
X

ltikn win ; i ¼ 1; 2; 3; 4; 5

(4)

n¼1

I tik denotes the i-th second-level index (sub-index) in t-th year of
area k. win represents the weight of the n-th third-level index of the
i-th second-level index.
Step 3:

AGPIkt ¼

5
X

t
Iik
wi ; k ¼ 1; 2; :::28; t ¼ 1978; 1979; :::2017

(5)

i¼1

AGPI tk denotes the performance index of agricultural green production of area k in t year and wi denotes the i-th weight of the
second-level index. Weighing the secondary index, we can obtain
AGPI.
4.2. Process of China’s agricultural green production
The issue of “agriculture, countryside, and farmers” is closely
related to the nation’s economy and its economic development, and
is of vital signiﬁcations. Since 1978, the government has been
exploring measures to implement and deepen agricultural reform.
By promoting the construction of a new socialist countryside solidly, strengthening agricultural infrastructure, and accelerating the
promotion of agricultural science and technology in earnest, the
Chinese government has continued to enhance the secure supply of
agricultural products and promote the steady growth of farmers’
income. As a result, China is capable to push green sustainable
development in modern agriculture.
As can be seen in Table 4, China’s AGP development has made
remarkable achievements in the past 40 years. In 2017, the total
grain output was, at 662 million tons, double that of 1978, and the

per capita output showed an increase of 50%. In the areas of agriculture, forestry, animal husbandry and ﬁshery, the total output
value rose nearly 13 times, and the per capita output value rose 9.11
times. The efﬁciency of agricultural production also signiﬁcantly
improved. Speciﬁcally, the mechanical power in every individual
area had grown by 6.59 times, and the average planting area had
expanded 1.16 times. The improvement of the level of mechanization had greatly liberated the labor force. Under the strict system of
cultivated land protection, adhering to the baseline of cultivated
land, China had 2.023 billion mu at the end of 2017. The arable land
multiple crop index increased by 13.6 percentage points. To solve
the problem of water waste, China diligently promoted watersaving irrigation technology. The irrigation rate of farmland
water-saving increased by 43.4%, and more than 50% of the effectively irrigated land used sprinklers, drip irrigation, seepage
methods, and other technologies. Driven by afforestation and forest
protection policies such as natural forest protection, returning
farmland to forests, and shelterbelt construction, China’s forest
coverage gradually expanded to 21.6% and new afforestation areas
also increased. The living standards of rural residents also greatly
improved. Speciﬁcally, the actual per capita income jumped tens of
times, the Engel coefﬁcient went from poor to relatively rich, and
farmers’ consumption gradually increased.5
The comprehensive prevention and control of agricultural nonpoint source pollution have received much attentions because they
are the main sources of pollution for surface water. Total emissions
of CODcr, TN and TP have risen as a result of the expanding scale of
planting, livestock and poultry farming, and aquaculture. In
contrast, emissions per unit of output have been effectively
controlled, three of which have been reduced by more than 70%. In
the past, people inﬂuenced by the idea of “Human in nature” have
used the self-regulating effects of natural and agro-ecosystems to
provide protection against insects and other pests. Now, however,
pesticides and agricultural ﬁlms have been largely used. Because
the pollutions these treatments caused are becoming more serious,
improving pesticide utilization and agricultural ﬁlm recovery rates
are increasingly important.
Plotting the AGPI and sub-index beginning in 1978, we see in
Fig. 2, that the change range of each index is generally between 100
and 600. The farmers’ life sub-index exceeded 600 in 2010 and
reached 1,240 in 2017. The data was scaled down during mapping.
The ecosystem maintenance index was slightly below 100 in 1981,
as the afforestation area was reduced by 38,623 ha.
From 1978 to 2017, the total index AGPI increased steadily, a
process that can be roughly divided into three stages according to
the growth rate. The ﬁrst stage was from 1978 to 1985, during
which it increased at an average rate of 5.3%. The main goal of this
stage is to solve the problem of agricultural supply. The collective
agricultural model was abandoned after being used for thirty years
due to the reform and opening up. More than 95% of the farmland
was returned to farmers. These made the farmers more enthusiastic
about production, and thus increasing their grain yields, as well as
their income and expenses. The rapid growth of the farmers’ lives
sub-index is the main driving force for the increase of the total
index. However, due to the lack of incentive mechanisms in the
people’s commune system and the long-term insulation of the
country, issues like labor surplus, undeveloped agricultural technology, and low industrialization efﬁciency have gradually become
the main factors restricting China’s agricultural production and

5
The United Nations uses the Engel coefﬁcient to classify living standards into
the following categories: >60% as poor, 50%e60% as having limited means, 40%e
50% as well-off, 30%e40% as relatively wealthy, 20%e30% as rich, and below 20% as
extremely wealthy.

Y. Liu et al. / Journal of Cleaner Production 243 (2020) 118483

7

Table 4
The process of agricultural green production development.
Second-level indicator

Third-level indicator

Unit

2017

1978

Change rate (%)

supply capacity

per capita agricultural, forestry, animal husbandry and ﬁshery output value
per capita food production
unit planting area mechanical power
average planting area
cultivated land multiple cropping index
farmland water saving irrigation rate
CODcr per unit value
TN per unit value
TP per unit value
loss of pesticides per unit area
membrane residue per unit area
forest cover rate
afforestation area
actual per capita disposable income of rural residents
actual per capita consumption expenditure of rural residents
Engel coefﬁcient
per capita housing area

Yuan/person
Kg/person
Kw/hectare
Hectare/person
%
%
Kg/10,000 yuan
Kg/10,000 yuan
Kg/10,000 yuan
Kg/hectare
Kg/hectare
%
1000, hectares
Yuan/person
Yuan/person
%
%

1,467.99
477.21
5.94
1.50
123.34
50.56
56.30
15.60
3.00
0.0024
3.66
21.60
7657.19
2171.79
1771.29
31.18
46.70

152.43
316.61
0.78
0.69
109.75
7.14
255.04
63.29
11.22
0.0022
0.06
12.00
4496.33
133.60
47.64
67.70
8.10

911.5
50.7
658.7
115.9
13.6
43.4
77.9
75.4
73.3
6.6
6349.6
9.6
70.3
1525.6
3618.1
36.5
38.6

resource utilization
environment quality

ecosystem maintenance
farmers’ lives

Fig. 2. Total index and sub-index trends of agricultural green production from 1978 to 2017.

development.
The period 1986e2006 was the second stage in which the total
index of AGP suffered slow growth. During these twenty years,
China went through four “ﬁve-year plans” (from 7th Five-Year Plan
to 10th Five Plan) and agriculture made constant progress through
exploration. During the 7th Five-Year Plan period (1986e1990), the
industrial structure was adjusted: the proportion of forestry, animal husbandry, ﬁshery, and sideline industries in agricultural
output increased, and the same also happened to the proportion of
secondary and tertiary industries in gross social output in rural
areas. During the 8th Five-Year Plan (1991e1995), various systems
of contract responsibility for joint production 6were stabilized and
improved, and qualiﬁed regions were encouraged to operate in an
appropriate scale that conformed to their local conditions. Then, in
the 9th Five-Year Plan period (1996e2000), investment in

6
The household contract responsibility system is a form of agricultural production responsibility system in which the farmers use the family as the unit to
contract the land and other production materials and production tasks to the collective economic organization (mainly villages and groups).

agriculture was augmented, farmland infrastructure construction
was put into practice, and agricultural industrialization operation
was boosted. During the 10th Five-Year Plan (2001e2005), characteristic agriculture was promoted, the width and depth of agricultural production were further explored, and efforts on
agricultural industrialization were spared. The Chinese government
recognized the importance of science and technology to agricultural revitalization, accelerating the promotion and popularization
of advanced agricultural technologies and raising the degree of the
mechanization. In this way, agricultural supply capacity improved
signiﬁcantly during this period. From 1988 to 1989, severe inﬂation
in China caused a decline in farmers’ disposable income and actual
consumption level, and the farmers’ subsistence index also dropped for a short period. After that transient decrease, it stabilized
and then demonstrated rapid growth. At this stage, the main task
was to develop the rural economy in a comprehensive way, while
scant attention was paid to the protection of agricultural resources,
the environment, and ecology. Moreover, the use of fertilizers,
pesticides, and agricultural ﬁlm increased greatly because of policies promoting faster development for agricultural use, which, in
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turn made the environment and ecosystem index quite unstable.
The third stage began in 2007 and is still ongoing. During this
stage, the development of AGP has accelerated, and the growth rate
of the total index has increased. The main task at this stage is to
grapple with the mode of production. In 2007, the “No. 1 Central
Document” proposed that the development of circular and
ecological agriculture and the acceleration of organic agriculture in
places where it is possible should be boosted, and aimed at
improving the sustainable development of agriculture and promoting the development of AGP. In the same year, the ﬁrst national
pollution source census was launched. The Ministry of Agriculture
and Rural Affairs then established a national monitoring network
for non-point source pollution in farmland on the basis of the ﬁrst
national pollution source census data, effectively controlling the
agricultural non-point source pollution and raising the environmental index of the production area. Through the continuous
implementation of afforestation projects, the forest coverage rate
has exceeded 20%, and the overall ecosystem index is now
satisfactory.
4.3. Spatial differentiation of agricultural green production
4.3.1. Total index
From 1978 to 2017, most regions steadily promoted the development of AGP, and the total index increased steadily with an
average growth rate of 3%e5%. In 1978, the national average AGPI
was 100 points. After 40 years of development, in 2017, it
quadrupled to 471.56 points. The total index of 14 regions is higher
than the national average, and ten of them exceed 500 points.
Judging from the ranking of AGPI in Table 5, we can see that the
rankings of the 28 regions have changed a lot. And only Hubei and
Guizhou rank stable, and they are in the middle and lower levels.
The top ﬁve regions in 1978 were Shaanxi, Heilongjiang, Gansu,
Jilin, and Xinjiang. However, the rankings of these ﬁve regions all

dropped in 2017, by 6, 9, 23, 15, and 11 places, respectively. Several
regions declined by more than 5 places due to the outdated production conditions, such as Jiangxi, Ningxia, Guangdong, Guangxi,
Yunnan, Liaoning, Hunan, and Shanxi. Jiangsu, Shanghai, Shandong,
Inner Mongolia, and Sichuan have implemented green development and rose more than 10 places. In addition, Tianjin, Henan,
Hebei, Qinghai, Zhejiang, and Anhui have also made continuous
efforts to Agricultural green production, with their rankings rising
by more than 5 places.
4.3.2. Supply capacity index
In terms of supply capacity, Heilongjiang Province has become a
“supply pioneer” as a major food production province, and its
ranking is relatively stable. Ten regionsdincluding Jiangsu, Zhejiang, Inner Mongolia, Jilin, Shandong, Anhui, Hubei, Hunan, Hebei,
and Qinghaidare also above the national average. The supply capacity scores and rankings of each region are shown in Fig. 3 (the
dotted line indicates the national average; the same below).
Compared to 1978, Zhejiang, Anhui, Hunan, Shandong, Fujian,
Jiangsu, Henan, and Guizhou made great progress in 2017. They
climbed more than 10 places in the supply capacity index, making
an important contribution to China’s agricultural product supply
market. After the industrial structure adjustment, Shanghai, Xinjiang, Beijing, Shanxi, Ningxia, and Gansu adapted their local conditions to focus on industry and tertiary industry. Agricultural
production is relatively weak and their rankings have all dropped
more than 10 places.
4.3.3. Resource utilization index
In terms of resource utilization, the differences in various regions are mainly due to the utilization of irrigation water sources
(Fig. 4). Due to water shortages, Beijing has adopted water-saving
irrigation technology for agricultural production. The rate of
water-saving irrigation in farmland is much higher than that in

Table 5
Agricultural green production index and ranking from 1978 to 2017.
Region

Mean of Total index

Ranking of Total index

2017

1978

The First stage

The second stage

The third stage

1978e2017

2017

1978

Progress

Max

Min

National
Shanghai
Beijing
Zhejiang
Jiangsu
Fujian
Shaanxi
Hebei
Inner Mongolia
Heilongjiang
Tianjin
Xinjiang
Sichuan
Shandong
Liaoning
Jilin
Hubei
Henan
Guangxi
Anhui
Hunan
Guangdong
Qinghai
Gansu
Jiangxi
Guizhou
Ningxia
Shanxi
Yunnan

460.49
752.60
668.52
663.23
563.28
555.39
529.47
524.75
520.32
512.87
506.60
479.17
476.91
474.16
471.99
445.11
443.83
440.33
437.63
431.84
430.31
423.74
422.77
421.68
420.89
407.93
400.93
400.70
399.67

100.00
118.72
163.05
141.87
95.31
131.38
318.86
118.90
112.38
246.31
104.59
204.55
101.96
91.11
167.31
222.83
116.90
94.83
138.39
95.97
129.24
134.74
88.12
224.79
130.52
96.39
126.15
99.94
107.24

118.54
151.98
186.61
170.00
117.20
149.89
380.34
135.03
133.33
292.35
136.11
255.93
123.74
117.14
173.17
238.03
130.30
111.55
137.33
113.01
138.69
149.98
103.14
285.23
141.60
114.74
148.98
140.53
123.48

199.54
298.90
317.94
310.15
218.15
251.86
372.31
251.57
205.16
332.38
245.38
287.45
198.43
217.71
237.60
254.72
186.11
188.53
209.09
180.89
192.11
216.29
166.40
314.71
203.36
175.03
200.58
223.98
186.67

382.41
589.48
542.17
560.65
443.15
449.03
454.28
459.29
432.85
446.32
421.68
389.70
372.69
414.82
400.02
370.00
353.31
369.16
351.37
347.47
357.86
339.23
336.60
362.58
353.92
302.84
341.30
383.58
339.11

233.63
349.43
353.34
351.01
259.84
285.69
396.46
285.39
253.41
355.71
272.01
309.26
231.41
251.80
269.38
283.08
220.93
222.81
233.87
213.13
227.01
236.84
200.55
321.98
232.41
198.12
228.96
251.18
215.95

e
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

16
7
8
25
11
1
15
18
2
20
5
21
27
6
4
17
26
9
24
13
10
28
3
12
23
14
22
19

15
5
5
21
6
5
8
10
7
10
6
9
14
8
11
1
9
9
5
7
11
6
20
12
2
12
5
9

1
1
1
4
5
1
4
7
2
7
4
12
8
6
4
16
15
9
19
13
9
18
2
12
22
10
8
19

16
7
8
25
13
7
18
26
11
20
16
26
27
16
20
26
28
24
27
27
26
28
23
25
28
27
27
28
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Fig. 3. 2017 Supply capacity index by region and ranking change in 2017 related to 1978.

Fig. 4. 2017 Resource utilization index by region and ranking change in 2017 related to 1978.

other regions. Although the multi-cropping index is lower, the
overall utilization rate of resources in Beijing is the highest. Twothirds of the regions have resource utilization indexes that are
higher than the national average. The resource utilization efﬁciency
of Hubei, Hunan, Guangdong, Anhui, Guizhou, Heilongjiang,
Jiangxi, Jilin, Henan, and Yunnan provinces is low, and their watersaving irrigation rate of farmland is less than 50%.
We contrasted the resource utilization index ranking of the 1978
with that of 2017, we ﬁnd that the regions in the north have the
fastest rate of progress. For instance, the rankings of the regions
such as Inner Mongolia, Xinjiang, Qinghai, and Ningxia all rise by
more than 10 places. In contrast, the southern regions such as
Hunan, Guangdong, Jiangxi, and Fujian dropped more than 10
places. Shortages and crises drive productivity development, and
the more resource-poor the area, the more it strives to improve
source technology.

4.3.4. Environment quality index
In recent years, the concept of “environment-friendly” has been
vigorously promoted in many areas, and the environmental

protection of the production area has made primary achievements
(Fig. 5). In particular, the emission of pollutants per unit of output
value in Shanghai, Beijing, and Shaanxi is much lower than the
national average. The pesticide residues in Xinjiang and Gansu are
very small. The environment quality index of these ﬁve regions is
2e8 times the national average. Inner Mongolia, Jiangxi, Fujian, and
other regions have insufﬁcient environmental protection, and
environment quality index is less than 200 points.
Compared with 1978, the Yangtze River Delta region and most of
the Pan-Pearl River Delta region achieved various levels of progress
in 2017. However, the environment in Mongolia, Jilin, Tianjin, and
Guangxi is seriously damaged, and their environment quality index
decreased more than 10 places from 1978 to 2017.

4.3.5. Ecosystem maintenance index
In terms of ecosystems, geographical differences are obvious. In
2017, the ecosystem index was 175.68 points nationwide, and the
eight regions scoring more than 300 points, 1.76 times higher than
the national average, were located in the southwest, south central,
and eastern regions of China (Fig. 6). Sichuan had the largest
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Fig. 5. 2017 Environment quality index by region and ranking change in 2017 related to 1978.

afforestation area, accounting for 11.7% of the total afforestation
area in the country, and the forest coverage rate continues to increase. For the 11 regions where the ecosystem index is lower than
the national average, the ecological base and ecological increment
are both low. The forest coverage rate is lower than the national
average of 21.6%, with the exception of Anhui (27.5%). The total
afforestation area is less than a quarter of the national, and the
ecological construction needs to be improved.
Compared with 1978, Sichuan and Guizhou ranked higher in
2017, up 13 and 11 places, respectively. In the last three years of the
13th Five-Year Plan, Sichuan innovatively promoted the afforestation professional cooperative model to absorb the poor labor force
while at the same time curbing ecological degradation. Meanwhile,
Guizhou has launched a “200 days” afforestation operation, making
full use of the best afforestation seasons of winter and spring and
setting off a large-scale national greening boom in the province;
thus, the ecosystem index is expected to continue increasing
steadily. Although the three provinces in northeast China have high
forest coverage, at about 40% of the land is forested, the afforestation area is decreasing. Thus, the ecosystem maintenance index is

regressing.

4.3.6. Farmers’ lives index
After 40 years of reform and opening up efforts, the living
standards of farmers have improved signiﬁcantly. In 2017, the national farmers’ lives index was 12.4 times that of 1978 (Fig. 7).
Zhejiang’s farmers’ lives index was the highest at 1,974 points; the
lowest was Gansu at 822 points. In areas with better economic
development, such as Beijing, Shanghai, Guangzhou, Jiangsu, Zhejiang, and Shanghai, farmers’ living standards were also higher. In
areas with relatively limited economic development, as in the
southwest and northwest regions of the country, the quality of
farmers’ lives is lower than the national average.
The ranking of farmers’ lives index is relatively stable. Compared
with 1978, Fujian and Inner Mongolia demonstrated more progress
in 2017, up 17 and 13 places, respectively. Forty years ago, farmers’
incomes and expenditure s in the two regions were lower than the
national average. Now, however, they have surpassed the national
level and are in the top ten. In Hunan and Ningxia, due to low
farmer incomes and expenditures, the rankings changed the most

Fig. 6. 2017 Ecosystem maintenance index by region and ranking change in 2017 related to 1978.
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Fig. 7. 2017 Farmers’ lives index by region and ranking change in 2017 related to 1978.

all decreased by 11 places.

5. Conclusions and policy recommendations
Based on a comprehensive understanding of China’s agricultural
green production development status, this paper constructs a
Chinese agricultural green production index containing 17 indicators of ﬁve dimensions: supply capacity, resource utilization,
environmental quality, ecosystem maintenance, and farmers’ lives.
We also analyze the spatial and temporal differences from the two
aspects of China’s agricultural green production. The main conclusions of this study are outlined below.
First, with vertical comparisons of AGP in 1978 and 2017, the
study ﬁnds that Chinese agriculture has achieved great increase in
production and efﬁciency. China’s supply of main agricultural
products satisﬁes its demand, though the quality of these products
still needs to be improved. Furthermore, the quality of farmers’
lives is constantly improving. The pressure of the green growth in
agriculture mainly comes from resource shortage, pollution
generated by regions of production, and ecological destruction.
Essential next steps are to improve the efﬁciency of resource utilization, keep the production environment clean, and maintain the
stability of the ecosystem.
Second, with a horizontal comparison of the AGP in different
regions, this paper ﬁnds that there is a great regional imbalance in
the green growth of agriculture in China. More than 70% of the top
10 leading regions in the country are located in the eastern part of
the country, while 50% of the 10 most-undeveloped regions are
located in the western part. The differences in development are
primarily caused by a lack of supply capacity, inefﬁciencies in
resource utilization, and farmers’ poor quality of life. However, the
two kinds of regions share the common problems. Namely, the
environment in producing regions is not clean, and the ecosystem
is not stable enough.
Third, from the perspective of the effectiveness of the method,
the agricultural green production performance index constructed
in this paper has strong robustness and practicability. However, due
to the current situation of China’s agricultural green development,
there is still a big gap compared with the international. The AGPI
constructed in this paper is based on the current agricultural green
production goals. Therefore, it is only applicable to the current
agricultural green production level measurement. With the

international development of China’s agriculture, the assessment
dimension of China’s agricultural green production will also
change, and we should keep pace with the times and construct the
evaluation system that is compatible with the level of agricultural
development.
Agricultural green production is a profound change in the
concept of development. Promoting green production in agriculture will be an important measure to break through the bottleneck
of China’s agricultural development and achieve the goal of agricultural modernization. The level of agricultural green production
will directly affect the construction effect of China’s modernization.
According to the research conclusions of this paper, the following
suggestions are made:
Government should strengthen monitoring and statistics of
agricultural production data, and construct a more scientiﬁc and
rational agricultural green production measurement system. The
calculation of this paper is only a tentative exploration, and the
index system is still not complete. Many data in resources, environment and ecology are absent. In addition, agricultural green
production is a systematic project that requires a combination of
point and plane. From the perspective of practice, there are good
practices, but whether those practices of points can be effectively
promoted requires data support. Therefore, it is necessary to
strengthen the monitoring of basic data and release it in time to
measure the level of agricultural green production in a timely
manner.
At present, there is a great imbalance between different regions
in the development of agricultural green production. China should
adopt corresponding policyto guide the regions to adapt to local
conditions and ﬁll shortcomings. With regard to the forest
ecosystem, the scale of afforestation project construction can be
reduced appropriately in areas, where the forest coverage rate is
over 55%. Meanwhile, in Xinjiang and Qinghai, where the forest
coverage rate is less than 20%, the number of afforestation projects
can be increased appropriately, with supervised construction. As
for grassland grazing ecosystems, ﬁshing water ecosystems,
wetland ecosystems, and other agroecosystems with regional
characteristics, China should establish and improve the system of
protection, maintenance, and restoration, with active implementation and strict monitoring based on the “Opinions on Innovating System and Mechanisms to Promote Agricultural Green
Development.” With farmland ecosystems, China should not only
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construct and improve the ﬁeld infrastructure through such measures as biological buffer zones, shelter forest networks, and irrigation canal systems, but also restore the ﬁeld biological
community and ecological chain to realize the ecological cycle and
stability of farmland. Under system integrity and biodiversity laws,
we should encourage benign cyclic ecosystems as well as threedimensional aquaculture models, such as “multi-in-one” and “animal-marsh-forest,” optimize the functional layout, and create an
idyllic ecosystem featuring a combination of cultivation, ecological
cycles, and a beautiful environment.
Science and technology are primarily productive forces. It is
estimated that the Spearman rank correlation coefﬁcient of agricultural green production level and the comprehensive level of
scientiﬁc and technological innovation is 0.43, and the conﬁdence
level is over 99%. Thus, China should accelerate the pace of technological innovation that supports agricultural green production
while adhering to the three-step strategy of building a technology
system, including increasing investment in research and development and attaching importance to the introduction of new talent.
Besides, green production emphasizes not only the greening of
production process, but also the greening of production results. On
one hand, China should reduce the use of both chemical fertilizers
and pesticides, strengthen agricultural ﬁlm recycling, and prevent
soil erosion and the deterioration of cultivated land. On the other
hand, it is important to improve the quality of agricultural products
to meet the growing market demand. Only in this way can China’s
agricultural green production level have the momentum to
continue to improve.
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