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Since its initial proposal in September 2023 and subsequent inclusion in the gov-
ernment work report in March 2024, the concept of “new quality productive forces”
has garnered significant interest in academic circles. From a theoretical perspective,
new quality productive forces in agriculture are pivotal to advancing agricultural
modernization. This concept represents an innovative transformation of agricultural
production factors, processes, and the organization, division of labor, and collabo-
ration along the industrial chain [4]. It marks a shift from traditional production
factors to digital and intelligent agriculture, influenced by both domestic and in-
ternational environments [7,14]. This concept retains the general characteristics of
productivity but also exhibits distinct features, including imbalances, the duality
of development and protection, the dependence on resource endowment, and the
multiplicity of innovation actors [15]. These attributes signify the progression of
productivity into a new stage [1]. Regarding the evaluation system ,Song et al. [8]
constructed an evaluation index system for China’s new agricultural productivity
based on three dimensions: scientific and technological productivity, ecological pro-
ductivity, and digital productivity. Other scholars have developed an evaluation
framework grounded in Marx’s productivity theory, providing insights into regional
coordinated development and convergence [13]. Furthermore, some scholars argue
that local government attention plays a crucial role in fostering green TFP, which
may influence the development and promotion of new quality productivity [16].
Enhancing urban innovation momentum and fostering new development drivers are
also critical for achieving new quality productivity [5].

Based on the academic research on the level of China’s agricultural new quality
productivity, this paper defines the agricultural new quality productivity as: In the
process of agricultural modernization, the innovation and optimization of produc-
tion factors, production process and industrial chain should be promoted through
the synergy of scientific and technological innovation, application of achievements,
green development, optimization of production relations and talent support, so as
to realize the improvement, transformation and upgrading of agricultural produc-
tivity. The marginal contributions of this paper are as follows: first, a scientifically
constructed evaluation index system for agricultural new quality productivity is de-
veloped, and reveals its real development status and improvement potential through
empirical measurement; second, the Dagum Gini coefficient decomposition method
and kernel density estimation method are applied to assess relative and absolute
trends in regional disparities, revealing both evolutionary characteristics and polar-
ization tendencies. The analysis provides insights into the synergistic enhancement
of differentiated agricultural productivity.

2. Evaluation index system and measurement method of agricultural
new quality productivity

2.1. Construction of an evaluation index system for agricultural new qual-
ity productive forces. On January 31, 2024, General Secretary Xi Jinping, while
presiding over the eleventh collective study session of the Political Bureau of the
CPC Central Committee, provided a comprehensive overview of the development
path for new quality productivity. He explicitly outlined five core requirements:
“scientific and technological innovation, application of results, green development,
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production relations, and talent support.” Guided by this ideology and the defini-
tion of new quality agricultural productivity presented in this paper, an evaluation
system for agricultural new quality productivity can be constructed based on these
five dimensions. It comprises a total of 21 specific indicators, as detailed in Table 1.

Scientific and technological innovation is a critical driver in improving agricultural
productivity and quality, injecting significant momentum into its evolution [12]. The
application of results represents a critical step in advancing novel and enhanced
agricultural productivity. The application of scientific and technological innova-
tions to specific industries and industrial chains contributes to building a modern
agricultural industrial system. Green development represents a fundamental pillar
of the new quality of agricultural productivity forces. Promoting the green trans-
formation of agriculture is essential for enhancing the new quality of agricultural
productivity [17]. The relations of production serve as fundamental prerequisites
for advancing agricultural productivity and must evolve in alignment with the de-
velopment of productive forces. The provision of talent support is a crucial element
in advancing new agricultural productivity. Strengthening training programs and
enhancing educational support in rural areas should therefore be prioritized [10].

2.2. Data sources. This study employed 21 specific indicators to calculate the
comprehensive index of agricultural new quality productive forces across 30 provinces
in China (excluding Hong Kong, Macao, Taiwan, and Tibet) from 2011 to 2021.
The data used in constructing the index system were obtained from a variety of au-
thoritative sources, including the China Rural Statistical Yearbook, China Leisure
Yearbook, China Education Statistical Yearbook, China Urban and Rural Statisti-
cal Yearbook, China Urban and Rural Construction Statistical Yearbook, the EPS
Global Statistical Data Platform, and the State Intellectual Property Office.

2.3. Method selection and model setting. The entropy weight method is an
objective weighting approach widely applied in economic research due to its strong
objectivity [2] and its ability to accurately reflect the relative importance of each
indicator within a comprehensive index. In this paper, the entropy weight method is
employed to calculate the comprehensive index of China’s agricultural new quality
productive forces as well as the indexes of each subsystem.

3. A quantitative analysis of the measurement results pertaining to
the agricultural new quality productive forces level

3.1. Overview of the characteristics of China’s agricultural new quality
productive forces level index. Fig. 1 presents the calculated trends of the com-
prehensive index and subsystem indexes of China’s agricultural new quality pro-
ductive forces level from 2011 to 2021. The results exhibit the following distinct
characteristics:

3.1.1. Characteristics of the comprehensive index of agricultural new quality pro-
ductive forces level. Firstly, the comprehensive index of agricultural new quality
productivity in China remains at a relatively low level overall. The highest value
observed during the study period was 0.1831 in 2021. Secondly, the composite in-
dex of agricultural new quality productivity has exhibited a consistent upward trend
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Table 1. Evaluation index system of China’s agricultural new qual-
ity productive forces.

Subsystem Dimensions Specific metrics Attributes

Technological
innovation

Agricultural
mechanization

Total power of agricultural machinery (kW) Forward

Digitalization of
agriculture

Rural broadband access users (ten thousand
households)

Forward

Mobile Internet users (ten thousand) Positive
Agricultural science and
technology

Agricultural green patent Forward

Application
of results

Labor productivity
Total output value of agriculture, forestry, animal
husbandry and fishery/number of employees in the
primary industry

Positive

Land productivity Total agricultural output/crop sown area Positive

Grain production capacity
Comprehensive grain production capacity (ten
thousand tons)

Positive

Level of industrial
integration

Main business income of agricultural product
processing enterprises above designated size / 100
million yuan

Positive

Level of facility farming Greenhouse area/crop sown area (%) Forward
Level of facility farming Greenhouse area/crop sown area (%) Forward

Greenhouse area/crop sown area (%) Forward

Green
development

Carbon emissions per unit
of output value

Agricultural carbon emissions/total agricultural
output value

Negative

Fertilizer application rate
per unit area

Fertilizer application rate/cultivated area Negative

Pesticide use per unit area Pesticide use/area of cultivated land Negative
Greenhouse area/crop sown area (%) Forward

Use of agricultural plastic
film per unit area

Agricultural plastic film usage/total sown area
of crops

Negative

Relations of
production

Industrial coordination
Agricultural industrial structure adjustment index:
1-(agricultural output value/total output value of
agriculture, forestry, animal husbandry and fishery

Positive

Urban-rural coordination
Bivariate comparison coefficient: labor productivity
of primary industry/labor productivity of secondary
and tertiary industries

Positive

Agricultural trade
Total imports and exports of agricultural
products/agricultural value added

Positive

Farmers’ income growth Growth rate of per capita net income of farmers (%) Positive

Talent
support

Human capital Years of education in rural areas Positive

Educational foundation
Number of full-time teachers from rural kindergarten
to high school (person)

Positive

Number of teachers with bachelor degree or above
from kindergarten to high school in rural areas
(person)

Positive

Public service Village doctors and hygienists (people) Forward

throughout the study period. The index increased from 0.1254 at the start of the
study to 0.1831 in 2021, representing a cumulative growth of 46%. In general, the
steady increase in the composite index reflects the progressive modernization and
digitalization of China’s agriculture, driven by the synergistic effects of multiple
policies.

3.1.2. Structural characteristics of the comprehensive index of agricultural new qual-
ity productive forces level. This study examines the structural characteristics and
evolutionary trends of the index by analyzing its five subsystems. The findings are as
follows: Firstly, the science and technology innovation index exhibited a modest yet
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Figure 1. Change in the trend of the comprehensive index of agri-
cultural new quality productive forces and its sub-system indexes
from 2011 to 2021.

fluctuating increase throughout the study period.This highlights the pivotal role of
scientific and technological innovation in driving advancements in agricultural new
quality productivity. Secondly, the achievement application index showed a steady
upward trend, with an average annual growth rate of 5.2%. This reflects the gradual
expansion and integration of agricultural science and technology achievements into
practical applications. Thirdly, the green development index demonstrated an aver-
age annual growth rate of 2% during the study period, with significant acceleration
since 2018. This suggests that sustainable resource utilization and environmental
protection measures have been increasingly reinforced. Fourth, the production re-
lations index displayed relatively low volatility but maintained a consistent upward
trend. This indicates that the optimization of production relations has contributed
to a more rational allocation of resources, fostering conditions conducive to the
enhancement of agricultural new quality productivity. The talent support index
showed a stable upward trend, underscoring the importance of cultivating a highly
skilled agricultural workforce as a foundational element in advancing agricultural
productivity. In general, all five subsystem indices experienced a turning point
following the implementation of the Rural Revita lisation Strategy in 2018, demon-
strating a notable upward trajectory.

3.2. Regional characteristics of China’s new quality agricultural produc-
tivity level index.

3.2.1. Regional characteristics of the comprehensive index of new quality agricul-
tural productivity level. As shown in Fig. 2 (i), the overall levels of agricultural
new quality productivity in all four regions exhibited steady growth throughout the
study period. This indicates that the new quality productive forces of agriculture
in China’s regions have been consistently improving. From a regional perspective,
the eastern region consistently ranked the highest, significantly outpacing other
regions, followed by the central, northeastern, and western regions. The average
annual growth rates for the four regions were 4.17%, 3.45%, 2.07%, and 4.39%,
respectively. These results reveal a spatial pattern of agricultural new quality pro-
ductivity levels in China that is “high in the east and low in the west,” with marked
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regional disparities. The disparity can largely be attributed to differences in resource
endowments, economic foundations, and other developmental factors. Notably, after
the implementation of the rural revitalization strategy in 2018, a strong “catch-up
effect” has emerged, with regional disparities in agricultural new quality productiv-
ity levels gradually narrowing.
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Figure 2. Change trend of comprehensive index and sub-system
index of agricultural new quality productive forces level in four re-
gions from 2011 to 2021.

3.2.2. Regional characteristics of sub-system index of agricultural new quality pro-
ductive forces level. This paper further analyzes the sources of differences in the
composite index by examining the trends of the subsystems (Fig. 2 (ii) - Fig. 2
(iii)). The results reveal the following: From a trend perspective, the subsystem
indexes in all four regions exhibit consistent upward trajectories. Regarding growth
rates, the central region recorded the highest average growth rates for the scientific
and technological innovation and green development indexes, at 9.28% and 3.49%,
respectively. Meanwhile, the western region achieved the highest average growth
rates for the Application of results and talent support indexes, at 7.37% and 4.39%,
respectively. Overall, the development level of the green development subsystem
is the most advanced among the four regions, particularly in the western region.
This indicates that the industrialization process in the western region remains slow,
and the conditions for fully realizing the strategy of “promoting agriculture with
industry and driving rural development with urban growth” have yet to be fully
established.

4. The decomposition of regional differences in the level of new
quality agricultural productivity

4.1. Method selection and model setting. The Dagum Gini coefficient is a
widely used index for measuring inequality. A smaller Gini coefficient indicates a
more equal distribution, while a larger coefficient reflects greater inequality. The
Dagum Gini coefficient not only evaluates the influence of subgroups on overall
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disparities but also addresses the issue of overlapping among sample data [3]. The
calculation procedure in this study is based on the methodology proposed by Xu
and Wang [11].

4.2. Regional variations and sources of the new quality productive forces
level index of agriculture.

4.2.1. Regional variations and sources of the composite index 
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Figure 3. Regional differences and contribution rates of agricul-
tural new quality productive forces.

4.2.1. Regional variations and sources of the composite index. (1) Overall differ-
ences and sources

From the perspective of the overall difference trend, as illustrated in Fig. 3 (i), the
overall Gini coefficient of China’s agricultural new quality productive forces initially
increased and then declined. Between 2011 and 2014, the Gini coefficient remained
relatively stable at 0.18. Beginning in 2015, it exhibited an upward trend, with
the overall difference expanding and the Gini coefficient rising from 0.196 to 0.209.
However, a decline was observed starting in 2020, with the Gini coefficient decreasing
by 4.1%. This can be attributed to several factors. Before 2018, rapid development
in new quality agricultural productivity contributed to the expansion of regional
disparities. However, since the implementation of the rural revitalization strategy
in 2018, regions have progressively increased their resource inputs to improve the
levels of new quality agricultural productivity. Although policy implementation is
subject to a time lag, the overall discrepancy began to diminish by 2020. Regarding
the contribution rate of regional differences, as shown in Fig. 3 (iii), inter-regional
disparities account for the largest share, with an annual average contribution rate of
58.59%. Intra-regional differences contribute an average of 23.42% annually, while
hyper-variable density contributes 17.99% on average. These findings indicate that
inter-regional disparities are the primary drivers of regional variations in agricultural
new quality productive forces.

(2) Intra-regional differences
Regarding intra-regional disparities, the mean Gini coefficients for the eastern,

central, northeastern, and western regions during the sample period were 0.1785,
0.1533, 0.0933, and 0.1307, respectively. These values highlight significant imbal-
ances in the development of new agricultural productivity within each region. No-
tably, the eastern and central regions exhibit pronounced and widening disparities,
with annual average increases in Gini coefficients of 0.3% and 4.2%, respectively. In
contrast, the intra-regional differences in the western and northeastern regions are
gradually narrowing, with annual average decreases of 0.5% and 3.7%, respectively.



1894 W. HUILAN, Y. HAIFEN, AND Y. JINLING

These intra-regional disparities are the result of a complex interplay of economic,
social, and geographic factors. These findings underscore that the discrepancies in
agricultural new quality productivity across regions are shaped by a multifaceted in-
terplay of factors, including regional development strategies, resource endowments,
technological advancements, and economic foundations.

(3) Regional differences
Fig. 3 (ii) provides a visual representation of the inter-regional disparities and evo-

lutionary trends in the levels of new agricultural productivity across China. Overall,
the discrepancies between the eastern region and other regions are particularly pro-
nounced, exhibiting an average annual difference value of 0.2652. This is followed by
the differences between the eastern and central regions and the eastern and north-
eastern regions. The fundamental reason for these significant disparities lies in the
eastern region’s strong economic foundation and favorable resource endowment. In
contrast, the central, northeastern, and western regions face challenges due to their
relatively weaker economic foundations, lower levels of technological development,
limited talent reserves, and insufficient financial investment. These factors hinder
their ability to match the level of new agricultural productivity achieved in the east-
ern region. Disparities between the northeastern region and other regions, however,
are relatively modest, with average annual difference values of 0.1424 (Northeast-
Central) and 0.1435 (Northeast-West). This is attributed to the geographic proxim-
ity of the agricultural bases in the three northeastern provinces and their relatively
consistent progress in agricultural mechanization and green production methods.

5. The distribution and dynamic evolution of new quality productive
forces in China’s agriculture

5.1. Method selection and model set. The kernel density estimation method is
utilized to describe the spatial distribution of a random variable’s state through a
continuous density curve. This approach is characterized by its minimal dependence
on specific assumptions, strong robustness, and the ability to intuitively capture
the spatiotemporal evolution trends of regional agricultural productivity at varying
levels of absolute difference.

5.2. The representation and dynamic evolution of new agricultural pro-
ductivity levels. As illustrated in Fig. 4 , the kernel density curves depict the
distribution of new quality productive forces in agriculture across the nation and its
four regions. Considering the implementation of the Rural Revitalization Strategy
in 2018 and the subsequent lag in policy effects, this study takes 2018 as a refer-
ence point,a comparison period encompassing two to three years before and after
2018 is selected. From the perspective of distribution location, the kernel density
curve for national agricultural productivity shifts to the right during the new study
period. This shift signifies an overall improvement in the total level of agricul-
tural productivity. Regarding distribution shape, the peaks of the kernel density
curves become more pronounced, and the curve widths narrow. This indicates that
disparities in agricultural productivity among provinces are diminishing. In terms
of distribution extensibility, the curves exhibit a distinct right-tail characteristic,
highlighting provinces with high levels of agricultural productivity. Overall, the
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analysis demonstrates a steady improvement in the level of new quality productive
forces in agriculture across the nation, with a gradual reduction in inter-provincial
disparities. However, a discernible tendency toward differentiation among provinces
remains evident.

5.3. Distribution and dynamic evolution of agricultural new quality pro-
ductive forces levels in the four regions. As illustrated in Fig. 4 (ii) to (v),
the kernel density curves of agricultural productivity in the eastern region show a
progressive shift to the right, a narrowing of the distribution, and the emergence of
a bimodal pattern. This suggests a continuous improvement in agricultural produc-
tivity in the East, with provincial disparities gradually diminishing and the degree
of polarization remaining relatively low. In the central region, the kernel density
curve of agricultural productivity shifts to the right, exhibiting a fluctuating trend
with narrowing wave width. This indicates that the overall level of agricultural
productivity in central China is steadily increasing, accompanied by a reduction in
absolute differences. In the western region, the kernel density curve shows a sharp
rightward shift, with the main peak slightly declining. This implies that while agri-
cultural productivity in the western region is increasing, the regional disparities
are widening, signaling a mild trend toward differentiation. In the northeastern re-
gion, the main peak of the kernel density curve shifts slightly to the right, with the
peak height increasing and the width narrowing. This indicates a slow but steady
rise in agricultural productivity in the Northeast, accompanied by a reduction in
provincial differences. However, the presence of a left-tail phenomenon suggests that
certain provinces still fall below the mean, indicating an imbalanced distribution of
agricultural productivity.
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Figure 4. Kernel density curves of agricultural new quality pro-
ductive forces in the whole country and four regions.
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6. Conclusions, recommendations and shortcomings

6.1. Conclusions. This paper constructs the index system of China’s agricultural
new quality productivity and empirically analyzes its regional differences, distribu-
tion dynamics and evolution trend. The conclusions are as follows: Firstly, during
the study period, the level of agricultural new quality productive forces in China was
relatively low but exhibited an overall upward trajectory. This growth, however,
was accompanied by clear spatial imbalances. The eastern region demonstrated
the highest productivity levels, followed by the central, northeastern, and western
regions. This gap presents a key challenge for improving agricultural productivity
and achieving balanced development. Secondly, when examining the relative differ-
ences, the gap in the level of agricultural new quality productive forces in China
shows a declining trend. The primary driver of this discrepancy is the inter-regional
disparity, followed by intra-regional variations. Thirdly, when considering absolute
differences, the overall absolute gap in agricultural new quality productive forces
across China has consistently narrowed.

6.2. Recommendations. Based on the conclusions drawn from this study, it is
clear that the imbalanced and insufficient development of China’s new quality agri-
cultural productivity poses a significant challenge to the goal of transforming China
into an agricultural powerhouse. Accelerating the development and improvement
of new quality agricultural productivity, while narrowing regional disparities, has
become an urgent task in the context of comprehensive rural revitalization. In
response to these challenges, this paper offers a series of targeted measures and
recommendations.

The first step is to strengthen the dual approach of “scientific and technological
innovation” and “institutional reform” to fully activate rural resources. Scientific
and technological innovation, along with institutional reform, are pivotal to opti-
mizing resource allocation and driving the development of new agricultural produc-
tivity. By utilizing and integrating key rural resources—including labor, expertise,
technology, management, data, and capital—China can advance its agricultural
productivity.

Secondly, it is crucial to accelerate the synergistic regional development of new
agricultural productivity. Significant discrepancies exist in the level of new agri-
cultural productivity across China’s diverse regions, and uneven development is a
key factor contributing to this imbalance. The first step is to establish a cross-
regional cooperation mechanism. Facilitate the transfer of advanced experiences
and technologies from the eastern region to the central, western, and northeastern
regions, and help promote the exchange of experiences and technology diffusion,
while also supporting lagging regions in addressing deficiencies in science, technol-
ogy, and management. Moreover, to facilitate the flow of resources, it is essential to
prioritize the development of modern logistics systems and information networks,
which will help reduce the costs associated with resource movement.

Thirdly, there is a need to reduce regional disparities in green agricultural pro-
ductivity. First, existing green agricultural policies should be strengthened, with
increased financial support directed towards the central, western, and less developed
regions. Second, a differentiated green development strategy should be formulated
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and tailored to the resource characteristics of each region. Promoting locally ap-
propriate ecological agricultural models can help optimize resource utilization and
improve regional productivity. Furthermore, targeted training programs should be
developed to enhance farmers’ knowledge and skills in green development.

6.3. Shortcomings. This paper develops an index system to measure China’s agri-
cultural new quality productivity from the perspective of development goals. It an-
alyzes regional differences, distribution dynamics, and the evolving trends in agri-
cultural new quality productivity. However, there are several limitations, and future
research can be further deepened and expanded. From a developmental stage per-
spective, China’s agricultural new quality productivity is in a phase of rapid growth,
yet its overall level remains relatively low. The inclusion of more comprehensive
data could enhance the current findings and provide a more nuanced understanding
in future studies. From a research methodology standpoint, this paper employs
a predominantly quantitative approach to analysis. While quantitative methods
offer valuable insights, future studies could benefit from incorporating qualitative
approaches to explore the complex, contextual factors influencing agricultural pro-
ductivity more comprehensively.
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