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Abstract

Agriculture is the foundation of the national economy, and achieving high-quality agricul-
tural development is an important support for strong economic development in the post-
pandemic era. Based on the new development philosophy of the Chinese government, this
study constructs an evaluation framework of “innovation-coordination-green-openness-
sharing” for high-quality agricultural development, and quantitatively assesses the level of
high-quality agricultural development in China’s Yangtze River Economic Belt with a sys-
tematic integration model, and explores the spatial evolution characteristics and obstacles
of the level of high-quality agricultural development in Yangtze River Economic Belt. It
reveals that the level of high-quality agricultural development in the Yangtze River Eco-
nomic Belt shows a fluctuating upward trend in general, but there is variability among
regions. The green dimension has the fastest development rate, followed by innovation
and sharing. In terms of spatial characteristics, it gradually shows a pattern dominated by
high levels and shows the characteristics of agglomeration, but the spatial correlation is
not high. In terms of obstacle factors, openness and coordination are the main obstacle
factors. Considering the different agricultural development models, it is suggested that
international cooperation, new agricultural cooperation, and differentiated policies can be
considered to promote high-quality agricultural development. This study provides a more
complete evaluation framework for government policy-making authorities to measure the
level of regional agricultural development and help regional agriculture achieve sustainable
development at a higher quality level.
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1 Introduction

Agriculture is the foundation of the national economy, and its quality is closely related to
the stable and sustainable development of agriculture. With the rapid development of the
world economy, agricultural development has made remarkable achievements in the world.
The agricultural structure has been optimized, the degree of sustainable development of
agriculture has been deepened, and the transformation of agricultural economic develop-
ment methods has been continuously promoted. However, there are many constraints and
challenges in agricultural development, such as agricultural pollution (Li et al., 2021), lack
of awareness of agricultural innovation (Rocha et al., 2019), and low agricultural produc-
tivity (BaleZentis et al., 2021). Therefore, in order to ensure food security and achieve rapid
economic development, we should pay attention not only to the output of agricultural, but
also to the quality of agricultural development. Considering the goal of greening, qual-
ity and branding of agriculture, scholars put forward a variety of agricultural development
philosophies, such as smart agriculture, sustainable agriculture, and low-carbon agriculture
(Adesipo et al., 2020; Wang et al., 2022b; Zhao & Zhou, 2021).

The 2017 Central Rural work Conference of China proposed that “in order to imple-
ment the strategy of rural revitalization, we should firmly follow the path of promoting
agriculture through quality and policy”,' and the Ministry of Agriculture and Rural Affairs
of the PRC designated the year of 2018 as the “Year of Agricultural Quality”.?> According
to China’s official measurement, China’s total grain output has reached 1.339 billion tons
in 2020, realizing the “seventeen consecutive years of bumper harvests” of China’s grain
production and effectively ensuring China’s food security. Some scholars have pointed out
that although the output of agricultural products has increased significantly in recent years,
the main agricultural contradiction in China has changed from the pursuit of “quantita-
tive agriculture” to the pursuit of “quality agriculture” (Kou, 2018; Xin & An, 2019). In
this context, how to promote high-quality agricultural development has become a hot issue
in academic research. Since the outbreak of COVID-19, high-quality agricultural develop-
ment has become the support of China’s “domestic circulation” and an important engine of
the “domestic and international dual circulation”, and its practical value has been further
highlighted.

This study is expected to contribute to the literature in two aspects. On the one hand,
previous scholars did not construct a systematic framework for organizing evaluation, espe-
cially the evaluation of agricultural green development level did not reflect the environ-
mental constraints in the agricultural production process, see e.g. Liu et al. (2020), Adesipo
et al. (2020), Li and Xu (2020). Therefore, this study has constructed a systematic analyti-
cal framework of “innovation-coordination-green-opening-sharing”, which is based on the
Chinese government’s new development philosophy. On the other hand, the measurement
of the development level, distribution and influencing factors of high-quality agriculture
has been the focus of previous literature, but few scholars put forward differentiated man-
agement policies for the study area, see e.g. Zhang (2021), Xin and An (2019), Wang et al.

' The Central Conference on Rural Work was held in Beijing, published by Ministry of Agriculture and
Rural Affairs of the People’s Republic of China, http://www.moa.gov.cn/ztzl/ncgzhy2017/zxdt/201801/
t20180103_6133744.htm.

2 Notice of the Ministry of Agriculture on starting the Work of 2018 Agricultural Quality Year, published by
Ministry of Agriculture and Rural Affairs of the People’s Republic of China, http://www.moa.gov.cn/nybgb/
2018/201803/201805/t20180528_6143195.htm.
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Fig.1 The technology roadmap

(2022b). This study uses the mathematical model to evaluate the high-quality agricultural
development from the aspects of spatio-temporal characteristics, obstacle factors and quad-
rant distribution, which can deepen the study of agricultural development and provide ref-
erence for agricultural management departments to make decisions.

To fill research gap, the primary purpose of this study is to build a systematic evaluation
framework and an integrated model to reveal the high-quality agricultural development in
the Yangtze River Economic Belt in recent 10 years. In order to better promote agricultural
development in the study area, this study put forward differentiated management policies
for agricultural development optimization according to the agricultural characteristics of
each city. We believe that this study, while referring primarily to the Chinese experience, is
a valuable voice in the discussion on the measurement and evaluation of high-quality agri-
cultural development, which number is still inadequate.

The technology roadmap of the paper is shown in the Fig. 1, and the remainder of the
paper is organized as follows. Section 2 locates our study within the literature on high-
quality agricultural development. Section 3 describes the research methodology of this
study, including the study area, methods and data. Section 4 investigates the evolution of
agricultural quality development level, spatial distribution and spatial correlation over time
in the Yangtze River Economic Belt, and put forward suggestions according to the agricul-
tural development model. Section 5 presents the discussion. Section 6 presents the main
conclusions and policy implications.

2 Literature Review
High-quality development (HQD) is the product of a certain stage of economic develop-
ment in China, which means that the economy is not only pursuing speed and scale but

quality and efficiency. It is not only applicable to the whole city economy, but also to agri-
culture, fishery and industry, etc. (Chen & Wang, 2021; Li & Liu, 2022; Wang & Li, 2021;
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Wang et al., 2022a). Specifically, the definition of its philosophy is mainly divided into
the following three types. Firstly, from the perspective of whether it can solve the main
social contradictions in China, Jin (2018) believes that HQD is the state of economic
development that can meet the growing economic and material needs of the people. Zhao
(2017) believes that HQD is a sustained and healthy development, which is reflected in two
aspects, on the one hand, to solve the problem of imbalance and inadequacy, and on the
other hand, to solve the current social principle contradiction. Secondly, from the perspec-
tive of the new development philosophy, many scholars believe that HQD should imple-
ment the new development philosophy of “innovation, coordination, green, openness and
sharing” as the main content, and realize the improvement of production efficiency, quality
and sustainable development. Thirdly, from the perspective of multi-dimensional coordina-
tion (He, 2018; Shi & Zhang, 2018; Yang, 2018). Ren and Li (2018) believe that HQD is
the development of rapid economic development, orderly integration of urban and rural
areas, sustainable ecological improvement and improvement of people’s living standards.

Considering the rational allocation of agricultural production factors and the improve-
ment of agricultural productivity, early scholars used total factor productivity (TFP) to
measure agricultural quality (Barath et al., 2020). As people pay more attention to the Sus-
tainable Development Goals (SDGs), scholars realize that agricultural development is not
only related to food security, but also to social stability and environmental protection. Some
scholars have proposed sustainable agriculture, which is being defined as economically
viable and profitable; socially encouraging as life quality of farmers is important and eco-
logically sound to preserve the natural environment and its resources sustaining the society,
which focuses more on the environmental and safety issues (Streimikis & BaleZentis, 2020;
Wang et al., 2022b). High-quality agricultural development (HQAD) is the application of
HQD in agriculture. Although only Chinese scholars put forward the concept of HQAD,
sustainable agricultural development, and smart agriculture in the world can reflect the
connotation of HQAD. Some scholars proposed that HQAD could be divided into four
aspects: new driving force, efficient growth, industrial system integration, and sustainable
development (Lu et al., 2022). Some scholars also think that the HQAD is the best mode of
agricultural production with the goal of greening, quality and branding agriculture (Huang
et al., 2020). Some scholars believe that the HQAD should reflect the new development
philosophy, which is not only the requirement of HQD in the new era, but also the evalua-
tion criterion of HQD (Liu et al., 2020).

Measuring the level of HQAD is conducive to analyzing the current situation and exist-
ing difficulties of agricultural development, and putting forward more targeted suggestions
for promoting the healthy development of the agricultural economy and realizing the strat-
egy of rural revitalization. By combing the literature on the level of HQAD (as shown in
Table 1).

From the perspective of research direction, previous scholars have evaluated HQAD
either based on existing economic theories to maximize agricultural economic value, or
based on economic theories and sustainable development to maximize economic, social
and ecological value. Previous scholars adopted total factor productivity (TFP) as an
important indicator to reflect the growth rate and production efficiency of agricultural
economy from the perspective of optimizing the allocation structure of economic factors
of production, see e.g. Barath et al (2020), Wang et al (2020) and Reza Anik et al. (2020).
With the gradual and widespread application of the concept of sustainable development,
scholars incorporated environmental resource constraints into the theory of traditional TFP,
so as to obtain the green total factor productivity of agriculture (GTFP) and measure the
quality of green agricultural development, such as Zhong et al. (2021), Xu et al. (2020)
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and Fang et al. (2021). Some scholars have constructed a comprehensive framework for
sustainable agricultural development based on economic, social and environmental dimen-
sions, see e.g. BaleZentis et al. (2021) and Du et al. (2020). Chinese scholars generally
construct the HQAD evaluation framework from the five dimensions of "innovation, coor-
dination, green, openness and sharing", and measure and analyze the level, spatial cor-
relation and influencing factors of HQAD in China, see e.g. Liu et al (2020), Qin (2020)
and Li and Xu (2020). Although most research framework can cover economy, society and
ecology, it lacks systematicity. In particular, the evaluation of ecological protection level
mostly adopts indicators such as green space area and pesticide and fertilizer usage, see
e.g. Qin (2020), Li and Xu (2020), Huang et al (2020), which fails to reflect the input fac-
tors of agricultural production, resource utilization and environmental constraints.

From the perspective of research methods, the entropy weight method, fuzzy hierarchy
comprehensive evaluation and other methods in previous literature are used to measure the
high quality development level of agriculture, see e.g. Xin and An (2019), Zhang and Liu
(2019), Qin (2020), Li and Xu (2020), Huang et al. (2020), Liu et al (2020). Based on the
measurement results, few scholars use the spatial analysis method to analyze the character-
istics of spatio-temporal evolution, see e.g. Li and Xu (2020), Liu et al. (2020), and use an
econometric model to analyze the influencing factors of agricultural high-quality develop-
ment level, see e.g. Lu et al. (2022), Liu et al. (2020), and finally put forward differentiated
countermeasures and suggestions. On the whole, the spatial analysis and influencing fac-
tor analysis methods used in previous studies are rarely used, which makes it difficult for
scholars to put forward correct and differentiated suggestions for promoting HQAD.

Although many scholars have carried out research on the HQAD, there are still some
deficiencies. First, there is a deficiency in the systematic construction of the evaluation
framework. Second, the research method is relatively inefficient, which leads to the depth
of the research is not enough, and it is difficult to put forward targeted suggestions accord-
ing to the characteristics of the study area. Therefore, this study constructs a systematic
integrated model that incorporates a framework of “innovation-coordination-green-open-
sharing” and mathematical methods. It can effectively assess HQAD systematically from
processes of spatial and temporal characteristics, barrier factors, and quadrant distribution.

3 Methodology
3.1 Study Area

The Yangtze River Economic Belt (YREB) includes 11 provinces and cities, including
Shanghai, Jiangsu and Zhejiang, etc. It spans three economic regions in the east, mid-
dle and west of China (Fig. 2). The YREB has rich resource endowments, strong traffic
conditions and important ecological status in China. It has strong comprehensive strength
and great potential for development. The key to promoting the future development of the
YREB lies in the overall grasp of the relationship between the elimination of old kinetic
energy and the cultivation of new kinetic energy, self-development and coordinated devel-
opment, economic development and environmental protection (Outline of the Development
Plan of the YREB in 2016, http://www.ndrc.gov.cn/fzgggz/dqjj/qygh/201610/t20161011_
822279.htm). The relationship among these three echoes with the philosophy of “innova-
tion, coordination, green, openness and sharing” in the new development philosophy. Xiao
et al. (2019) pointed out that although the YREB is abundant with agricultural resources
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Fig.2 Location of the Yangtze River Economic Belt. Data source: http://bzdt.ch.mnr.gov.cn/

and good quality of cultivated land, it faces difficulties such as lower food supply than the
average level in China average level, reduction of agricultural land resources, aggravation
of agricultural environmental pollution and so on. Therefore, in order to improve the utili-
zation efficiency of agricultural resources in the YREB, consolidate the foundation of agri-
cultural development, and help it to achieve HQD, this study measures the level of high-
quality agricultural development, identify its temporal and spatial changes, spatial relations
and obstacle factors, and put forward some suggestions to promote the high-quality agri-
cultural development in YERB.
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3.2 Methods

A systemic integration model named ESO is constructed for the evaluation and analysis
of HQAD. It contains three modules: multidimensional evaluation model, spatial analy-
sis model and obstacle diagnosis model. Among them, the multidimensional evaluation
model undertakes the function of quantifying HQAD, the spatial analysis model tracks the
spatial and temporal evolution of HQAD, obstacle diagnosis model identifies key obstacle
for HQAD. These three modules achieve a systematic assessment of HQAD in three pro-
cesses: quantification, analysis, and identification.

3.2.1 Multidimensional Evaluation Model

Based on the connotation of the new development philosophy and the relevant indicator
frameworks, this study constructs the evaluation framework of the HQAD in the YREB,
and then uses the unexpected output super-efficiency SBM model to calculate the agricul-
tural green efficiency. Finally, the TOPSIS model and entropy method are used to calculate
the comprehensive index of the level of HQAD.

3.2.1.1 Multidimensional Evaluation Framework The new development philosophy
embodies the goal of China’s HQD, so the process of promoting and realizing HQAD is
the process of implementing the new development philosophy. Therefore, the evaluation
of the development situation according to the new development philosophy is conducive to
effectively identifying the problems in HQAD. The comprehensive evaluation framework of
HQAD in the YREB is shown in Table 3.

(1) Agricultural Innovation

The level of innovation development refers to the level of transformation from innovation
basis to innovation efficiency, which is mainly reflected in agricultural innovation basis
and innovation efficiency (the indicators of agricultural innovation are shown in Table 3).
Among them, the basis of agricultural innovation is the state of innovation subject and
object, and the innovation level of agricultural subject is reflected by the educational level
of agricultural laborers (Huang et al., 2020; Liu et al., 2020; Tambo & Wiinscher, 2018;
Zhang & Liu, 2019). The innovation level of agricultural objects is reflected by the degree
of construction of the innovation platform (Huang et al., 2020; Zhang, 2021). Agricultural
innovation efficiency refers to the benefits generated through agricultural production, oper-
ation and management, which is measured by the degree of agricultural scale (Liu et al.,
2020; Qin, 2020), the degree of agricultural mechanization and grain per unit yield (Liu
et al., 2020; Xin & An, 2019).

(2) Agricultural Coordination

Coordination is both a development goal and an indicator for evaluating the level of devel-
opment, and China’s development is in a state of in-coordination, which is mainly reflected
in urban—rural coordination and regional coordination (the indicators of agricultural coordi-
nation are shown in Table 3). Therefore, in order to promote urban—rural coordination and
agricultural regional coordinated development, this study selects urban—rural coordination

@ Springer
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Table 2 Evaluation frameworks of agricultural eco-efficiency

Index Variable Description of variable (unit)
Invest Labor input Agricultural employees (ten thousand people)
Land input Total sown area of crops (hm?)
Mechanical input Total power of agricultural machinery (KW)
Irrigation input Effective irrigation area (hm?)
Agricultural film input Use amount of agricultural film (t)
Pesticide input Pesticide dosage (t)
Chemical fertilizer input Chemical fertilizer usage (t)
Fuel input Usage of diesel oil (t)
Expected output Output value Agricultural output value (ten thousand CNY)
Unexpected output Carbon emission output Agricultural carbon emissions (t)

and regional coordination as the secondary index. Urban—rural coordination is a measure
of the development gap between urban and rural areas, which is expressed by the ratio of
urban—rural income level and consumption level (Xin & An, 2019). Regional coordination
measures the speed of economic growth in the process of agricultural economic develop-
ment, and uses the indication of agricultural economic growth rate (Liu et al., 2020).

(3) Agricultural Green

Promoting green development and realizing the harmonious coexistence between man and
nature is one of the main tasks of future development. Previous scholars generally used
environmental pollution generated by agricultural production to express the green level of
agriculture, such as chemical fertilizer, pesticide, diesel oil, the use of agricultural film, etc.
(Li & Xu, 2020; Li et al., 2019; Liu et al., 2020). At present, more and more researchers
pay attention to the indicative role of ecological efficiency in green development. Agricul-
tural ecological efficiency refers to the degree of reducing agricultural resource investment
and environmental pollution on the premise of ensuring agricultural output. This study uses
agricultural ecological efficiency to express the green level of agricultural development,
which not only reflects the input factors and resource utilization degree of agricultural pro-
duction, but also reflects the environmental constraints in the process of agricultural pro-
duction. On the basis of referring to the existing research (Hou & Yao, 2018; Wang &
Zhang, 2018; Xu et al., 2019), the evaluation system of agricultural ecological efficiency is
constructed, as shown in Table 2.

(4) Agricultural Openness

Domestic openness and foreign openness are generally used to represent the opening
level of a region (the indicators of agricultural openness are shown in Table 3). In this
study, the average annual growth rate of agricultural added value in the past three years
is used to express the openness of agriculture in China (Zhang, 2021), and the ratio of the
total import and export of agricultural products to the gross output of the primary industry
is used to express the openness of agriculture in foreign markets (Li & Xu, 2020; Liu et al.,
2020; Zhang & Liu, 2019).
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(5) Agricultural Sharing

The ultimate goal of development is to ensure and improve people’s livelihood, increase
the supply of public services in rural areas, improve the social security system, and finally,
everyone does their best and everyone enjoys it (the indicators of agricultural sharing are
shown in Table 3). In this study, the level of rural medical and health care and social secu-
rity are used to indicate the level of agricultural sharing (Liu et al., 2020; Nie & Jian, 2020;
Zhang & Liu, 2019).

3.2.1.2 SBM Model of Over-Efficiency of Unexpected Output This study adopts the
super-efficiency SBM model of unexpected output proposed by Tone (2002). This model
can not only incorporate the unexpected output into the model, but also combine the
advantages of the super-efficiency model and SBM model to reduce the deviation caused
by the loss of effective decision-making unit information.

The formula is as follows:

- 2;11 (’_C/xik)

m

1 oo g.d I
Py [25;1 yd/ysk + Zq2=1 yu/qu]

min f =

n n
= d d
X2 Xhiy S VA
ATk ATk

n

— D

d q .=
Z ysk/lj,x > X,
j=1#k

<
[\

¥ <y >y
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Among them, n representing the decision-making unit, m representing input, r,
expected output and r, non-expected output, x, y¢, y* representing input matrix, expected
output matrix and non-expected output matrix, f is the agricultural eco-efficiency of a
certain province/city.

3.2.1.3 TOPSIS Model TOPSIS model evaluates the advantages and disadvantages of
each sample by approaching the degree of ideal solution (Stewart, 1992). This model
can be used for the evaluation framework of HQAD level in YREB, but the traditional
TOPSIS model is more subjective, while the entropy method is an objective multi-index
comprehensive evaluation method, which determines the weight of the index according
to the relative change degree of each index value (Chen, 2019). Therefore, this model
combines the advantages of the entropy method and TOPSIS model, and is used to calcu-
late the level of HQAD in the YREB. The specific steps are as follows:

(1) Determine the target sequence

First of all, it needs to be standardized. The formula is as follows:
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e Xjj — minX;
Positive indicators : Zl-j —_—;
max XJ - manj

2

max)(J —Xl-j

Inverse indicators : Z;

maij — min X]

Among them, Z; is the standardized value of the j year of the i index
(i=123,..,mj=1,2,3,..,n), X,-j represents the original data of the index value of the
J year of the i indicator, minX; and maxX; represent the minimum and maximum values
of item j.

After standardization, the matrix A is obtained.

A=| o . 3)

(2) Calculate the weight of entropy method

First of all, the matrix A is normalized to get the matrix B;. The formula is as follows:
Z;

By = @)
’ Z;"lzlzij

Then, the information entropy e; is calculated as follows:

e =L nZ”‘Buxln %)

! Inn &dj=1 Y

IfBij =0, then limBij - O,BijxlnBij =0

Finally, the weight w; of the index is calculated as follows:

1—¢
w = —
A Z,”; - (6)
(3) Establish TOPSIS model

In order to make the evaluation results more objective, a standardized analysis matrix
C is constructed according to the index weight w;, and the formula is as follows:

C= |wi X Z; (7

mxn |yl‘] m)(ﬂ.

(4) Determine the positive and negative ideal value

The positive ideal solution Y+ and the negative ideal solution Y~ represent the maximum
and minimum values of the i index in the j year. The formula is as follows:
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Yt = max{y,-j} .
Y™ = min{y;} ®

(5) Calculate the distance

In this study, Euclidean distance is used to calculate the distance from the evaluation index of
high agricultural quality level in YREB to the positive and negative ideal value. Among them,
Dt is the distance between the i index and the positive ideal solution Y*, and D~ is the dis-
tance between the i index and the negative ideal solution Y. The formula is as follows:

m
D* = \ AN
i=1

(€))

D™ = \ Z(Y,«_ = V)
i=1

(6) Calculate the comprehensive evaluation index

C, is the comprehensive evaluation index for the j year of HQAD level in YREB. The formula
is as follows:
D7~
j

=0 (10)
J J

3.2.2 Spatial Analysis Model

Spatial autocorrelation indicates that some elements are spatially dependent on each other,
which can measure the degree of agglomeration and correlation of spatial distribution of ele-
ments, including global spatial autocorrelation (Global Moran’s I, referred to as GMI) and
local spatial autocorrelation (Local Moran’s I, referred to as LMI). Global spatial autocor-
relation analysis can measure the spatial correlation degree of a certain attribute value in the
whole study area, which can be realized by GMI index (Zheng et al., 2018). This study uses
this model to analyze the degree of agglomeration and correlation of spatial distribution of the
level of HQAD in the YREB.

The formula is as follows:

n n
_ Cij 21:1 Zj#i Wij
- n n
s Zi:l Zj;éi Wij

$=1%x-% (1)
i=1
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=(X; - X)(X; - X)

Among them, / is the GMI index, X; is the measured value of the level of HQAD in city
i, X is the average value of the level of HQAD in YREB, and W;; is the adjacent degree of
location. If the two cities are adjacent in space, it will be marked as 1 and C;; indicates the
similarity of the measured value.

3.2.3 Obstacle Diagnosis Model

The five dimensions (innovation, coordination, green, openness and sharing) coordinated
development of HQAD is an ideal state of development, but in the process of actual devel-
opment, there will be conflicts in the system due to the lag development of a sub-dimen-
sion. In view of this, the obstacle degree diagnosis model (Chen et al., 2020) is used to
quantify and identify obstacle factors that affect the HQAD of 11 provinces/cities in the
YREB, so as to provide a basis for the formulation of HQAD policies.

The formula of obstacle diagnosis model is as follows:

(1=F)xW,;

0, = 12
ij 21131[(1 Fp) X W] (12)

Among them, O represents the obstacle value of j indicators in the i city, the bigger the
O, the greater the resmtance of the index to the realization of the system goal, F; repre-
sents the contribution degree of the factor, and W;; represents the weight of the mdex

3.3 Data

The panel data of 11 provinces/cities in YREB from 2010 to 2019 are selected to quantify
and analyze the HQAD in the YREB in China. Among them, the education level of agri-
cultural laborers comes from the Statistical Yearbook of China’s Population and Employ-
ment (2011-2020) (https://data.cnki.net/yearbook/Single/N2022040097) published by the
Department of Population and Employment Statistics, National Bureau People’s Repub-
lic China. The number of national agricultural science and technology parks comes from
the Announcement of the rural department on the publicity of the construction of national
agricultural science and technology parks (2010-2019) (https://www.gov.cn/zhengce/
zhengceku/2020-12/27/content_5573792.htm).

The total power of machinery, sown area, effective irrigated area, total grain output,
income ratio of urban and rural residents, the ratio of urban and rural consumption level,
agricultural film pesticide, chemical fertilizer and diesel oil used, total agricultural output
value, rural medical and health and social security level come from China Rural Statisti-
cal Yearbook (2011-2020) (https://www.stats.gov.cn/tjsj/tjcbw/202201/t20220112_18262
81.html) published by the Department of Rural Socio-Economic Survey, National Bureau
People’s Republic China. The gross domestic product of the primary industry comes from
the China Statistical Yearbook (2011-2020) (https://www.stats.gov.cn/tjsj/ndsj/) published
by the National Bureau of Statistics of People’s Republic of China.

The number of employees in the primary industry comes from the statistical year-
books of 11 provinces/cities of the YREB (2011-2020), and the total import and
export of agricultural products come from the Statistical report of China’s Agricultural
products Import and Export (2010-2019) (https://wms.mofcom.gov.cn/article/ztxx/
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Table 4 HQAD level in YREB from 2010 to 2019

Year Innovation Coordination Green Openness Sharing
In 2010 5.26 3.35 1.95 1.72 4.04
Annual growth rate (%) 9.18 32.86 46.21 -3.99 9.71
In 2011 5.75 4.44 2.86 1.65 4.43
Annual growth rate (%) 3.52 0.70 12.13 13.36 3.98
In 2012 5.95 4.48 3.20 1.87 4.61
Annual growth rate (%) 3.36 6.61 23.36 -5.13 8.98
In 2013 6.15 4.77 3.95 1.77 5.02
Annual growth rate (%) 3.18 —-13.92 4.06 —19.23 2.53
In 2014 6.34 4.11 4.11 1.43 5.15
Annual growth rate (%) 8.71 13.24 4.83 -3.02 0.57
In 2015 6.90 4.65 431 1.39 5.18
Annual growth rate (%) 5.03 0.09 20.28 0.35 2.00
In 2016 7.24 4.65 5.19 1.39 5.28
Annual growth rate (%) 1.39 —12.95 —-1.33 9.25 1.02
In 2017 7.34 4.05 5.12 1.52 5.34
Annual growth rate (%) 4.43 14.95 19.67 —4.64 5.02
In 2018 7.67 4.66 6.12 1.45 5.61
Annual growth rate (%) 0.89 1.19 25.76 2.32 2.85
In 2019 7.74 4.71 7.70 1.49 5.77

ncpmy/nepydtj/200603/20060301783733.shtml) published by the Ministry of Com-
merce of the people’s Republic of China. In the statistical yearbook, the shortage of
staff in village clinics per thousand rural population in Shanghai in 2019 was filled by
the average of the previous three years.

The calculation method of agricultural carbon emissions is mature. Agricultural
carbon emissions come from chemical fertilizers, pesticides, agricultural film, diesel
oil, fossil fuels consumed by electricity and carbon loss caused by the destruction of
soil layer during farming to ensure the normal growth of crops. This study refers to the
calculation of carbon emission calculation coefficient put forward by Li et al. (2011),
chemical fertilizer (0.8956 kg/kg), pesticide (4.9341 kg/kg), agricultural film (5.18 kg/
kg), diesel oil (0.5927 kg/kg), farming (312.6 kg/hm?), irrigation (20.476 kg/hm?).

4 Results

4.1 Spatio-Temporal Evolution of HQAD in YREB

According to formula (1)—(10), the SBM model of over-efficiency of unexpected out-
put and the TOPSIS model are used to calculate the HQD level of agriculture in the

YREB, the results are shown in Table 4. Then according to the evaluation results, the
temporal evolution and spatial distribution of HQAD in the YREB are analyzed.
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4.1.1 Time Evolution of HQAD in YREB

The level of HQAD in the YREB is fluctuating on the whole, with the lowest level in
2010, with a comprehensive score of 3.36 points, and the highest level in 2019, with a
comprehensive score of 6.84 points, with an average annual growth rate of 8.23%. Thus,
it can be seen that under the guidance of the national policy of strengthening agriculture
and benefiting farmers, the level of HQAD in YREB has been greatly improved. How-
ever, the level of HQAD in YREB does not show a steady and continuous rise, but fluctu-
ates. In 2014 and 2017, the growth rate of the total agricultural output value of the YREB
decreased significantly, and other indicators fluctuated slightly, resulting in a slight decline
in the comprehensive score of HQAD in the YREB. The growth rate of total agricultural
output value in the YREB fell from 15.82% in 2013 to 4.30% in 2014, from 9.11% in 2016
to —0.01% in 2017. By consulting relevant policy documents and materials, it is found that
China strengthened and implemented the quality and safety control of agricultural products
in 2014 and 2017, and rectified the chaos in the industry. The state pays more and more
attention to food safety protection, which can not only protect people’s quality of daily life,
but also promote the healthy and sustainable development of agriculture, but it will reduce
the scale of agricultural industry in the short term of policy implementation. as a result, the
gross agricultural output has not increased significantly in the past two years.

From the dynamic perspective of internal dimension, the order of growth is green > inno-
vation > sharing > coordination > openness. Among them, the green dimension developed
the fastest, rising by 5.75 points during the period, from 1.95 points in 2010 to 7.70 points
in 2019. Although the dimensions of innovation, sharing and coordination fluctuated in a
few years, they showed an obvious upward trend, and the rate of growth was next to that
of innovation dimensions. For example, the level of agricultural innovation increased from
5.26 points in 2010 to 7.74 points in 2019, an increase of 2.47 points. The openness dimen-
sion has more frequent fluctuations during the period, but the level does not change much.

The radar map is used to visualize the evaluation results of HQAD in the provinces/cit-
ies of the YREB. The results are shown in Fig. 3, the level is increasing year by year, but
there are some differences in the extent of the increase. The level of HQAD in Guizhou
Province has the highest rising range. In 2010 and 2019, the level of HQAD in Guizhou
Province is 0.20 and 0.66 respectively, with an average annual growth rate of 14.27%.
China attaches great importance to agricultural development in the western region, actively
promoting the local combination of regional characteristics to create characteristic agri-
culture, promoting the development of the whole industrial chain, and driving farmers out
of poverty. The increase in the level of HQAD in Shanghai is the lowest, with an average
annual growth rate of 3.71%. The agricultural development in Shanghai shows a situation
of “medium level, small increase”. This is due to the fact that some achievements have been
made in agricultural standardized production and green development in Shanghai in recent
years. however, the small space for industrial development, short industrial chain, low eco-
nomic benefits and lack of agricultural talents have hindered the agricultural development
in Shanghai, resulting in the lack of stamina for agricultural development in Shanghai.

4.1.2 Spatial Distribution of HQAD in the YREB

In order to more intuitively show the spatial distribution of HQAD in YREB, the grade of
HQAD in the YREB is divided into four levels to discuss its spatial distribution. Based on
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Fig. 3 Radar chart of HQAD in provinces/cities in YREB (2010, 2013, 2016, 2019)

the principle of TOPSIS model, in order to intuitively express the classification of compre-
hensive evaluation value, the level of HQAD in YREB is divided into four levels accord-
ing to the method of equal interval, and four-time sections (2010, 2013, 2016, 2019) are

selected for spatial visualization. The results are shown in Fig. 4.

In 2010, the HQAD in YREB is in the initial stage of development, the level of develop-
ment was mainly Level-IV, and there were no Level-I and Level-II areas. There are only
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Fig.4 Spatial distribution of HQAD in the YREB

two provinces/cities at Level-III, that is, Shanghai and Jiangsu, and there are more areas at
the Level-1V, including 9 provinces such as Anhui, Hubei and Hunan etc.

In 2013, the HQAD in the YREB was at the middle level, mainly at Level-II and Level-
II1, although the HQAD in YREB has not yet reached Level-I of provinces (cities). How-
ever, the number of areas at Level-II and Level-III, has greatly increased, of which there are
two provinces and cities at Level-II, including Shanghai and Jiangsu, and the other 9 cities
are at Level-III. From 2010 to 2013, the level of HQAD has improved significantly, with
9 cities (Anhui, Hubei and Hunan, etc.) with a HQAD level at Level-IV being upgraded
to Level-1II, while the two provinces/cities at Level-III (Shanghai and Jiangsu) have been
upgraded to Level-II.

In 2016, the HQAD in the YREB Was still at the middle level, mainly at Level-1I and
Level-III. The number of areas at Level-I is 2 (Jiangsu and Zhejiang). The number of cities
at Level-II is 3 (Sichuan, Chongqing, Guizhou). The other six cities belong to the Level-III.

In 2019, the HQAD in the YREB reached a higher level, mainly at Level-I and Level-II,
and the number of areas at Level-I was 6, including Shanghai, Jiangsu, Zhejiang, Hubei,
Chongqing and Guizhou. The number of areas at Level-II are 2 (Sichuan and Yunnan),
while the other three cities are at Level-III. The level of HQAD improved significantly
from 2016 to 2019. Hubei Province, which is at Level-IIL, raised its quality level to Level-I,
and the level of HQAD in Chongqing and Guizhou raised its quality level from Level-II to
Level-I.

Overall, from 2010 to 2019, the level of HQAD in YREB has continuously improved.
With the exception of Shanghai, the level of HQAD has improved to a great extent, espe-
cially the level in Guizhou, Chongging, Hubei and Zhejiang has been upgraded from
Level-IV to Level-1.
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Table 5 Moran’s I value of HQAD level in YREB from 2010 to 2019

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

GMI 0272 0220 0307 0377 0387 0363 009 0233 0.287 —0.086
Z 2.158 1914 2592 2586 2.628 2484  1.066 1.758  1.959 0.104
P 0.018 0.029 0.013 0.016 0014 0.020 0.147 0.057 0.039 0.405
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Fig.5 Obstacles degree of HQAD in YREB (2010-2019)

4.2 Spatial Correlation Analysis of HQAD in YREB

Through the Spatio-temporal analysis of the HQAD in YREB above, it can be found that
there may be a significant spatial relationship between the HQAD in the YREB. There-
fore, the spatial autocorrelation analysis method was used to identify the spatial model of
HQAD in China. According to formula (11), using GeoDal.14 and Queen space weight
matrix, the GMI values from 2010 to 2019 were calculated, and the significance test was
carried out. The results are shown in Table 5.

As can be seen from Table 5, except for 2016, 2017 and 2019, the GMI of HQAD in the
YREB was greater than 0 and passed the 5% significance test, indicating that there was a
significant positive autocorrelation in HQAD of the provinces/cities of the YREB in these
seven years, and the development of a province (city) will also be affected by the develop-
ment of its neighboring provinces (cities). The spatial correlation degree in other years was
low, indicating that the interactive relationship of HQAD among provinces/cities in these
years was weak. By calculating the GMI of HQAD in YREB, it is found that the degree of
interaction between the provinces/cities of the YREB is not high enough, so the agricul-
tural development of the YREB needs to strengthen the driving role of high development
areas, to speed up the establishment of strategic channels among provinces/cities and form
a new pattern of complementary advantages, crisscross integration and regional coordi-
nated development.

4.3 Diagnosis of Obstacles to HQAD in YREB

According to formula (12), the obstacle diagnosis model is used to calculate the obsta-
cles of the subsystems of HQAD in the YREB, and the following characteristics can
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be found (as shown in Fig. 5). From the perspective of the time-series change trend of
the subsystem obstacle degree, the innovation and green subsystems show a downward
trend, the openness subsystems show a continuous upward trend, and the coordination
and sharing subsystems show a fluctuating upward trend. The obstacle degree of the
innovation subsystem decreased from 15.67% in 2010 to 12.85% in 2019, with an aver-
age annual decline rate of about 2.18%. The obstacle degree of the green subsystem
decreased from 23.63% in 2010 to 11.11% in 2019, with an average annual decline rate
of about 8.05%. The obstacle degree of the open subsystem increased from 22.15% in
2010 to 32.46% in 2019, with an average annual growth rate of about 4.34%. The obsta-
cle degree of the coordination subsystem increased from 19.86% in 2010 to 23.61% in
2019, with an average annual growth rate of about 1.94%; the obstacle degree of the
shared subsystem increased from 18.68% in 2010 to 19.96% in 2019, with an average
annual growth rate of about 0.74%.

From the perspective of the main obstacles, openness and coordination are the
main obstacles to the HQAD in YREB, although in recent years, China has made cer-
tain achievements in promoting agricultural “going global”, international cooperation
and agricultural trade, but there is still room for development. On the one hand, the
advanced technology of developed countries should be further introduced, and the agri-
cultural science and technology park, agricultural cooperation demonstration area, and
agricultural openness and cooperation experimental area should be taken as the platform
to improve the level of agricultural modernization in China. On the other hand, “Belt
and Road Initiative” should strengthen national agricultural cooperation, actively par-
ticipate in international consultations in the field of agriculture and the formulation and
revision of various international agreements, conventions and standards on agriculture,
so as to effectively safeguard the rights and interests of China and the vast number of
developing countries. Besides, we should pay attention to the coordinated development
in the HQAD. The report of the 19th CPC National Congress points out that “Social-
ism with Chinese characteristics has entered a new era, and the principal contradiction
in our society has been transformed into a contradiction between the people’s grow-
ing needs for a better life and unbalanced and inadequate development”. China’s urban
development has been at a relatively high level, while rural development is relatively
lagging behind, so we should pay attention to urban-rural coordination and regional
coordination, and implement the strategy of rural revitalization. Based on industries,
resources and culture in rural, establish a two-way flow mechanism of urban and rural
elements, activate rural vitality, and build a sustainable endogenous growth mechanism.

4.4 Quadrant Analysis of HQAD in YREB

The four-quadrant analysis method, also known as the Boston matrix, divides the
observed objects into four types according to the two most important attributes of the
research object, and puts forward an optimization scheme for the type. Taking the eco-
nomic scale of agricultural development as the Abscissa, the quality of agricultural
development as the ordinate, and the mean value of the two as the focus value, a four-
quadrant coordinate system is constructed (Fig. 6). Among them, the agricultural output
value was used to express the scale of agricultural development, and the level of HQAD
was used to express the quality of agricultural development.
Through Fig. 6, we can see that:
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High quality development of agriculture
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The agricultural development of Jiangsu, Hubei, Yunnan and Guizhou provinces were
“high-high”. It shows that these cities not only pay attention to the improvement of
agricultural output value, but also to the connotative development of agriculture, but
the regional linkage of agricultural development in YREB is too low, and the four
provinces should play a leading role and optimize the structure of regional agricultural
products, and form the overall development advantages of regional agriculture.

The agricultural development of Chongqing, Zhejiang and Shanghai were “low- high”,
indicating that these cities pay attention to the connotative development of agriculture,
but it is limited to topography, area and other factors, and the scale of agricultural
development is lower than the average level. Therefore, it is suggested that these prov-
inces/cities should pay attention to the realization of economies of scale, appropri-
ately integrate cultivated land through land use transfer, guide large-scale operations
of agricultural land according to local conditions, develop high value-added modern
agriculture, and enhance the scale of agricultural output value.

The agricultural development of Hunan and Anhui were “high-low”, which indicates
that the scale of agricultural development in these cities were higher than the average
level, but the quality of agricultural development was not good. It is suggested that the
city should pay attention to connotative development and pay attention to the improve-
ment of agricultural quality.

The agricultural development of Jiangxi Province is “low-low”, which shows that the
scale and quality of agricultural development in the province are lower than the aver-
age level. This province should actively develop urban modern agriculture and support
the cities to increase the demand for agricultural products, so as to achieve the joint
improvement of agricultural quality and scale.
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5 Discussion

Agriculture is the foundation of the national economy and the social stability of the coun-
try. The development of things follows a dynamic process from quantitative change to
qualitative change, and so does the development of agriculture in China. The HQAD is
the inevitable stage from quantitative change to qualitative change (Huang et al., 2020).
The HQAD not only refers to the high quality of economic benefits brought by agriculture,
but also refers to the high quality of agriculture for environmental protection and social
stability (Chen et al., 2020; Lu et al., 2022; Zhang & Liu, 2019). By constructing a system-
atic integrated model, this study evaluates HQAD in YREB from the aspects of temporal
and spatial characteristics, obstacle factors, and quadrant distribution, which deepens the
research on agricultural development and provides some decision-making references for
agricultural management departments.

Using systematic indicators in the evaluation of HQAD can reveal the agricultural
development situation in China. Although the existing research framework is related to the
new development philosophy, which can answer a series of theoretical and practical ques-
tions about the purpose, motivation, mode and path of development, it lacks systematic
embodiment, see e.g. Qin (2020), Liu et al. (2020) and Li and Xu (2020). Based on the per-
spective of new development philosophy, this study constructs a multidimensional evalua-
tion model of HQAD from five aspects of “innovation, coordination, green, openness and
sharing”. At the same time, this study uses agricultural ecological efficiency to indicate
agricultural green development. Agricultural ecological efficiency is not only reflected in
the input factors and resource utilization degree of agricultural production, but also reflects
the environmental constraints in the process of agricultural production (Hou & Yao, 2018;
Wang & Zhang, 2018; Xu et al., 2019).

This study adopts a systematic integrated model to quantify and analyze HQAD. Previ-
ous scholars use some methods to measure the level of agricultural high-quality develop-
ment and its influencing factors (Li & Xu, 2020; Xin & An, 2019). This study uses the
integrated model to measure the level of HQAD in the Yangtze River Economic Belt, and
analyzes its temporal and spatial evolution characteristics, spatial correlation and main
obstacles. The super-efficiency SBM model and TOPSIS model of unexpected output are
used to measure the level of HQAD of 11 provinces and cities in YREB from 2010 to
2019. The spatial autocorrelation analysis method was used to identify the spatial distri-
bution pattern. The obstacle diagnosis model was used to analyze the obstacle factors of
HQAD in YREB. Finally, the four-quadrant analysis method was used to put forward the
differential policy to promote the HQAD in YREB.

Our findings reveal that the level of HQAD in the YREB shows a fluctuating upward
trend, and there are some differences among provinces (cities). The characteristics of the
overall development level of agriculture in our study are similar to the results presented by
Liu et al. (2020) and Xin and An (2019). The spatial distribution of HQAD in YREB show-
ing the characteristics of spatial agglomeration, but the spatial correlation is not strong.
The results of spatial distribution characteristics of HQAD are different from Huang et al.
(2020). Considering the different research methods and regions, the results of spatial dis-
tribution characteristics might be a little different. This study finds that the main obsta-
cle to the HQAD is openness and coordination, which is similar to the results of previous
studies (Liu et al., 2020). The poor function of agricultural opening platform and the big
gap between urban and rural areas have always been the difficulties in China’s agricul-
tural development. This research provides considerable insights into the HQAD in China.
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Scholars have proposed that the expansion of agricultural scale can improve the quality and
safety level of agricultural products, and realize the quality tracking and efficient supervi-
sion of the whole chain (Chen & Fan, 2016). This study puts forward policy recommenda-
tions according to the perspective of coordinated development of agricultural development
scale and agricultural development quality. Most of the existing studies give policy sug-
gestions from the point of view of how to improve the quality of agricultural development,
while ignoring the coupling relationship between quality and scale (Liu et al., 2020; Qin,
2020). Agricultural economic development needs to coordinate the relationship between
scale and quality. If the two dimensions coordinate, they will promote each other, present a
positive relationship, and promote the HQAD.

However, there is a limitation to this study. Considering the rationality of the study
index system, scientific study methods and available study data, 11 provinces of YREB
were selected in this study. The analysis of spatial correlation of HQAD in YREB shows
that the GMI index of YREB is relatively low in some years, which may be due to the
small number of study sub-areas. Although the spatial correlation degree can be affected
by the number of study sub-areas, which mainly be affected by the relationship between a
certain attribute of a geographical thing distributed in a region and the same attribute of all
other things (Pawley & McArdle, 2021). In order to ensure the accuracy of the study, it is
suggested that as many cities as possible should be selected as study objects in the future.

6 Conclusions

In this study, a systematic evaluation framework and an integrated model named ESO were
used to evaluate the HQAD in YREB. Based on the Chinese government’s new develop-
ment philosophy, this study has constructed a systematic evaluation framework of “inno-
vation-coordination-green-opening-sharing” and used multidimensional evaluation model,
spatial analysis model and obstacle diagnosis model to reveal the development level, dis-
tribution and influencing factors of HQAD in YREB. Finally, differentiated management
policies were put forward by using the four-quadrant analysis method. The main conclu-
sions of the study are as follows.

(1) Through the spatio-temporal evolution of HQAD in the YREB, our findings reveal
that there is a growing trend of HQAD in the YREB, but there are still some problems
in the process of agricultural development. The level of HQAD in the YREB shows a
fluctuating upward trend, but there are some differences among provinces (cities); from
the composition of HQAD, the growth speed of innovation dimension is the fastest,
followed by sharing, coordination and green, and the speed of openness is the slowest.
The spatial distribution of HQAD in YREB has gradually evolved from mainly at low
level to mainly at high level, showing the characteristics of spatial agglomeration, but
the spatial correlation is not strong. Agricultural managers should strengthen the benign
interaction between regions and form a new pattern of complementary advantages,
interlaced integration and coordinated development among regions.

(2) In the past ten years, the main obstacle to the HQAD in YREB is openness, followed
by coordination. Agricultural managers should strengthen cooperation and exchanges
with foreign countries, expand agricultural opening up to the outside world actively,
steadily and orderly, actively introduce international advanced agricultural science and
technology, implement “Belt and Road Initiative” agricultural international coopera-
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tion, build a new type of agricultural cooperative relationship, and improve the global
governance system of agriculture. The government also should pay more attention
to the coordination between urban and rural areas and the regional coordination of
agriculture, establish a two-way flow mechanism of urban and rural elements based
on rural industry, resources, culture and other elements, and activate rural vitality.

(3) Based on the constraints and advantages of HQAD in the YREB, differentiated man-
agement policies are put forward for different regions. For “high-high” areas, it is
suggested to give full play to the leading role of such areas to form a new pattern of
complementary advantages; for “low-high” areas, it is suggested to realize appropri-
ate agricultural scale and enhance agricultural scale effect; for “high-low” areas, it is
suggested to pay attention to connotative development and pay attention to the improve-
ment of the quality of agricultural development; for “low-low” areas, it is suggested
to improve the scale of agricultural development ensuring the quality of agricultural
development.
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