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Abstract: Promoting agricultural green growth has become an indispensable key content to speed up
the process of agricultural modernization, has become a necessary prerequisite to achieve common
prosperity of the rural people, and has become the basic practice of implementing people-centered
development thought in the stage of high-quality development. Many researchers have studied
the problems, level measurement and route choice of the growth of agriculture. However, there
have been few studies on how to promote the agricultural green growth from the perspective of
agricultural modernization, and how to combine the green agricultural GDP with the agricultural
green total factor productivity (GTFP). To address this research inadequacy, in this paper, we focus
on the time and space comparison of green agricultural GDP, agricultural GTFP, and their source
decomposition, and summarize and discuss the key factors affecting agricultural GTFP. The results
show that the share of output value of green agriculture in Tongren City is relatively high within
the region of the province, and there is a large temporal and spatial difference between the change
of agricultural GTFP and agricultural technology utilization efficiency and agricultural technology
progress. At the same time, the improvement of economic development level can significantly
promote the rise of agricultural GTFP, agricultural technology utilization efficiency, and agricultural
technology progress. On balance, our results compare green agricultural GDP, agricultural GTFP,
and their source decomposition in time and space, and reveals their evolution law and development
trend from the perspective of high-quality development of agricultural modernization. In this way,
we can provide an empirical basis and decision-making reference for accelerating the high-quality
development of agricultural modernization.

Keywords: agricultural green growth; agricultural green total factor productivity; green agricultural
GDP; high-quality development of agriculture; spatiotemporal evolution; agricultural modernization

1. Introduction

The green development of agriculture is an important guarantee for the sustainability
of agricultural development and the necessary path for the ”Carbon Peaking and Carbon
Neutrality” targets [1,2]. Promoting agricultural green growth and accelerating agricultural
modernization have become necessary prerequisites to realize the common prosperity of
rural farmers, and a grassroots practice in implementing people-centered development
thought [2–5]. The idea of agricultural green development has been advocated in China
from ancient times [6]. Since the reform and opening up, the Communist Party of China
(CPC) and the State have always insisted on solving the problems of agriculture, rural
areas and farmers as the top priority of all development work, and regard promoting
agricultural green growth and accelerating agricultural modernization as the core issue of
doing well in the work of agriculture, rural areas, and farmers [5,7,8]. At the national level,
agricultural green development and agricultural modernization are profoundly expounded,
the task requirements are clarified, and the fundamental compliance is empowered. The
19th National Congress of the Communist Party of China and the spirit of the Fifth and
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Sixth Plenary Sessions of the 19th Central Committee of the Communist Party of China
successively emphasized “promoting green development” and “accelerating agricultural
modernization”. According to the No. 1 document issued by the Central Committee of
the CPC and the State Council over the years [9–17], there were a total of 24 central No. 1
documents from 1982 to 1986 and 2004 to 2022, which emphasized the theme of “green”,
“agricultural modernization”, and highly related documents, reaching 62 and 87 times,
respectively. The above top-level design, institutional arrangements, and policy measures
provide forward-looking thinking, overall planning, and strategic layout at grassroots to
promote green agricultural development and boost agricultural modernization.

China has entered the stage of high-quality development, but the level of agricultural
green growth and the process of agricultural modernization still face many contradictions
and challenges, such as the expansion and application of agricultural green technology,
agricultural product trade, impacts on food security and rural public services, unbalanced
development of new agricultural business entities, etc. [4,5,8]. Especially in mountainous
areas, the comprehensive efficiency, effectiveness, effect, and efficacy of agricultural green
growth are still not strong, and the tasks and missions of agricultural modernization are
still heavy. This will directly affect and determine the shortcomings and weaknesses of
high-quality development. Therefore, the pushing forward of agricultural green growth
and acceleration of agricultural modernization are entrusted with the mission of the histor-
ical era, which has become an urgent need for the times of progress, national prosperity,
regional development, and people enjoying prosperity. Tongren, which belongs to the
hinterland of the Wuling Mountains area in China, is a key support area for the over-
all national modernization. It is a national green agriculture demonstration area and
agricultural standardization demonstration area, a provincial green development pilot
demonstration area and a modern high-efficiency agricultural demonstration park. This
paper selects Tongren, a prefecture city with mountainous geographic characteristics and
green ecological advantages, as the main research area, which has special value and repre-
sentational significance. Based on the perspective of agricultural modernization research,
this paper focuses on the spatiotemporal comparison of traditional agricultural GDP and
green agricultural GDP, the spatiotemporal comparison of agricultural traditional total
factor productivity (TFP) and agricultural green total factor productivity (GTFP), and the
spatiotemporal comparison of agricultural GTFP and its source decomposition. It depicts
and reveals the spatiotemporal difference and evolution law of agricultural green growth in
Tongren City, and empirically analyzes the influencing factors of agricultural GTFP and its
source decomposition in prefecture-level cities in Guizhou Province at the provincial level.
This paper summarizes and discusses the key influencing factors of provincial agricultural
GTFP, and lays the logical origin and empirical foundation for the next step to put forward
policy suggestions suitable for promoting agricultural green growth in mountainous areas.
It has important and long-term significance and practical value for promoting the process
of agricultural modernization, realizing the common prosperity of rural people, practicing
the people-centered development thought, giving full play to the role of complementing
shortcomings, strengthening weaknesses, and accelerating progress.

The rest of the paper is structured as follows. Section 2 provides a literature review.
Section 3 proposes the research design. Section 4 describes the spatiotemporal evolution
and comparison. Section 5 details the empirical results and analysis. Finally, Section 6
summarizes the research conclusions and policy enlightenment of this paper.

2. Literature Review

Combining the research purpose and research content of this paper, throughout all
of the existing theories and practices, there is growing literature on agricultural growth in
agricultural modernization at home and abroad, which is mainly focused on the problems
of agricultural growth in agricultural modernization, the measures of agricultural growth in
agricultural modernization, and the agricultural growth path in agricultural modernization.
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It is gratifying to note that these existing research results provide theoretical guidance and
experience reference for this paper.

In literature, there are numerous studies on the problems of agricultural growth in
agricultural modernization. How to realize the agricultural green growth and promote
agricultural modernization has always been confronted with historic and realistic problems,
which have attracted much attention and discussion from academic circles. At a very early
time, some scholars proposed that the core problem to promote the transformation from
traditional agriculture to modern agriculture is to continuously introduce new modern
production elements, the essence of which is to promote the progress of agricultural technol-
ogy [18]. As we all know, agricultural production has obvious regional characteristics [19],
and there are gaps between input of agricultural elements, R&D of science and technology,
production mode, and requirements of agricultural green development [20] in different
regions. In this way, the change of agricultural green total factor productivity based on
homogeneity and heterogeneity of technology has time, space and regional differences [3].
Likewise, China has been confronted with many imbalanced and insufficient development
problems in the process of promoting agricultural green growth and promoting agricultural
modernization. The development of basic public services and social undertakings in rural
areas is not sufficient [4]. There is a large gap in the level of human capital compared with
developed countries [21]. The degree of agricultural mechanization affects the develop-
ment of agricultural transformation, the scale operation of peasant households, the flow
of rural labor force, and the rural ecological environment [22–25]. In particular, due to the
topographic conditions, agricultural mechanization in mountainous areas directly hinders
the agricultural green growth and leads to a serious lag in the process of agricultural
modernization [26]. Overall, the above literature highlights the weaknesses and lagging
process of agricultural green growth in agricultural modernization. However, at present,
there is little research literature focusing on the promotion of agricultural green growth in
mountainous areas from the perspective of agricultural modernization.

There have been many studies on the measurement of agricultural growth in agricul-
tural modernization. For example, some scholars put forward the construction of evaluation
indexes for measuring agricultural growth in agricultural modernization, and selected the
measure indicators such as agricultural input, agricultural increase, total agricultural car-
bon emissions [3,27], agricultural green production level, natural environment foundation,
resource and environmental quality [28], agricultural policy, economic development level,
scientific and technological innovation ability, infrastructure investment, and labor qual-
ity [29]. In addition, other scholars investigated and quantified the input–output ratio of
agriculture from the core indicators such as agricultural mechanization, agricultural science
and technology, agricultural specialization, high-standard farmland proportion, compre-
hensive grain-production capacity, comprehensive utilization rate of livestock and poultry
manure, processing value of agricultural products, output value of animal husbandry,
soil and water conservation, cultivated land protection, energy consumption, quality of
workers, quality of life of farmers [7,30,31], and so on. From another point of view, from
the perspective of research-method selection of agricultural growth measurement in agri-
cultural modernization, most of the literature focuses on the measurement methods such
as evaluation method of agricultural monitoring, entropy method, technique for order
preference by similarity to an ideal solution, analytic hierarchy process, regression analy-
sis method, dynamic panel threshold model, super efficiency data envelopment analysis
model, comprehensive index measurement model [3,19,31–34], etc. It can be summarized
that this literature fully indicates that an integrated evaluation system for agricultural green
growth should be constructed around the following dimensions: agricultural green input
level, agricultural green production level, agricultural green industry level, and agricultural
green operation level. However, the inclusion of this key core indicator of agricultural GTFP
to illustrate the research literature on advancing agricultural green growth and accelerating
agricultural modernization is currently scarce.
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Much research has been focused on agricultural growth paths in agricultural modern-
ization. Many scholars have reached relatively consistent conclusions that pay attention
to the harmonious coexistence between human and nature, pursue the sustainability of
development [6], regard agricultural green development as a systematic project and an
arduous task [2], design reasonable environmental policies and improve green technology
innovation subsidies [27], and build a policy system and market environment to support
the development of green finance [35]. As far as China is concerned, it is essential to
hold on to actual conditions and agriculture conditions in China, and to take the progress
of mechanical technology and biochemical technology as an important engine and inex-
haustible drive force for agricultural green growth, and to adopt the categorical strategy
path that is staged, regional, industrial, and main-body-oriented, so as to take the road of
socialist agricultural modernization with Chinese characteristics [36,37]. In consideration
to local conditions, a new type of rural operation organization, which is the “Consortium”
that is “Driven by Leading Enterprises of agricultural Industrialization + linkaging by
Professional Cooperatives of farmers + promoting by Family Farms + participating by
specialized Households” [38] was innovated and perfected. It provides the “agriculture,
rural areas and farmers” services of specialization, differentiation, diversity, generalization,
equalization, quality, digitization, information technology, intelligence, and socialization.
Taken together, this literature provides theoretical and empirical references on the choice
of agricultural growth and development path at the macro level. However, the national
agriculture situation and differences in resource endowment in different countries and
regions determine the uniqueness and differentiation of the agricultural green-growth path,
and the exploration of the focused mountain area for advancing agricultural green growth
to accelerate the agricultural modernization path is urgently accelerated and optimized.

In summary, the existing literature has carried out extensive research on the issues of
agricultural growth in agricultural modernization, measurement of agricultural growth
in agricultural modernization, and the path of agricultural growth in agricultural mod-
ernization, and has formed abundant research results, which provide a solid theoretical
reference and practical reference for this research. Towards the stage of high-quality de-
velopment, at the important historical stage of the intersection of the intersection of “Two
Centenary Goals”, the handover of “Two Five Years”, and the interweaving of “Two Gen-
eral Situations”, and under the realistic challenge of the imbalance and insufficiency of
agricultural green growth, research paying attention to agricultural green growth from the
perspective of agricultural modernization urgently needs to be developed in depth, and
the agricultural GTFP fully takes into account the protection of the ecological environment;
this is precisely the direction of promoting green agricultural growth and accelerating
agricultural modernization. In view of this, this paper studies agricultural green growth
from the perspective of agricultural modernization; focuses on the temporal and spatial
comparison of green agricultural GDP, agricultural GTFP, and their source decomposition;
and makes an empirical analysis on its influencing factors, which is a supplement and
improvement to the previous research on agricultural modernization.

3. Research Design

The connotation and epitaxy of agricultural green growth are more abundant in the
context of agricultural modernization. Based on this, the impact factors of green agricultural
GDP, agricultural GTFP and their source decomposition, and agricultural GTFP and their
source decomposition will be focused, and the research design will be conducted by
combining the availability, quantifiability, and sustainability of data.

3.1. Selection of Research Methods
3.1.1. Accounting Method of Green Agricultural GDP

Green agricultural GDP is a method of measuring agricultural output value that pays
more attention to environmental protection and sustainable development. It is based on
traditional agricultural GDP to deduct the environmental resources loss cost and the eco-
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logical environment loss cost. Therefore, the formula of green agricultural GDP accounting
is as follows:

AGGDPi,t =
n

∑
i=1

AGDPi,t −
n

∑
i=1

ERLCi,t −
n

∑
i=1

EELCi,t (1)

In Equation (1), AGGDPi,t stands for the green agricultural GDP, AGDPi,t is the tra-
ditional agricultural GDP, ERLCi,t is the environmental resources loss cost, EELCi,t is the
ecological environment loss cost, n represents quantity, the subscript i indicates the sample
region, and the subscript t indicates the time. In combination with the fact that the sample
and variable set are studied in this paper, the formula of Equation (1) is further converted
as follows:

AGGDPi,t =
n

∑
i=1

AGDPi,t −
n

∑
i=1

TRLCi,t (2)

AGGDPi,t =
n

∑
i=1

AGDPi,t −
n

∑
i=1

SLCi,t −
n

∑
i=1

TNELi,t −
n

∑
i=1

TPELi,t −
n

∑
i=1

CODELi,t (3)

where TRLCi,t is the total resource loss cost, SLCi,t represents the soil loss cost, TNELi,t
indicates the environmental loss of total nitrogen, TPELi,t indicates the environmental loss
of total phosphorus, and CODELi,t represents the COD environmental loss.

3.1.2. Measurement Method of Agricultural GTFP

In this paper, we referred to some scholars, such as Jiangfeng Hu [39,40], Qinghua
Huang [27], and Yanling Chen [41] for the comprehensive construction of agricultural
GTFP calculation as follows:

AGTFPt+1
t =

1
2

{[→
St

a
(
It, Et, Ut; G

)
−
→
St

a

(
It+1, Et+1, Ut+1; G

)]
+

[ →
St+1

a
(
It, Et, Ut; G

)
−
→

St+1
a

(
It+1, Et+1, Ut+1; G

)]}
(4)

Among them, I indicates input, E is expected output, U is unexpected output, G is the
direction vector that anticipated output and nonanticipated output increase or decrease
according to the same proportion under the given input, Sa is the directional distance
function, and t is the period. In this way, when the AGTFP was greater than 0, it meant the
rise and progress of the agricultural GTFP; when it was less than 0, it reflected the decline
and concession of the agricultural GTFP.

3.1.3. Source Decomposition of Agricultural GTFP

Combined with Formula (4), agricultural GTFP can be further decomposed into
agricultural technology utilization efficiency (EFFCH) and agricultural technology progress
rate (TECH) [27]; that is, the decomposition formula as follows:

AGTFPt+1
t = EFFCHt+1

t + TECHt+1
t (5)

EFFCHt+1
t =

→
St

a
(
It, Et, Ut; G

)
−
→

St+1
a

(
It+1, Et+1, Ut+1; G

)
(6)

TECHt+1
t =

1
2

{[ →
St+1

a
(
It, Et, Ut; G

)
−
→
St

a
(
It, Et, Ut; G

)]
+

[ →
St+1

a

(
It+1, Et+1, Ut+1; G

)
−
→

St+1
a

(
It, Et, Ut; G

)]}
(7)

The above formula shows that when EFFCH is greater than 0, it reflects the improve-
ment of agricultural technology utilization efficiency. When EFFCH is less than 0, it reflects
the reduced agricultural technology utilization efficiency. At the same time, when TECH is
greater than 0, it reveals the agricultural technology progress. When TECH is less than 0, it
reveals a retreat in agricultural technology.
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3.2. Description of Variable Setting

The indicators of agricultural inputs and agricultural outputs and their contents
need to be clarified before measuring agricultural GTFP. This paper refers to the research
of Qinghua Huang [27] and Yanling Chen [41], and considers the representativeness,
availability, and authority of the statistics, and follows the principles of consistency, integrity,
and scientificity of variables [30], which selects the following variables closely related to the
green development of agriculture, including the expected output (E), unintended output
(U), and input (input) variables of agriculture. In the meantime, empirical variables include
urbanization rate of population (RUP), level of economic development (PGDP), population
density (DP), environmental regulation (ER), level of technological innovation (patent),
and foreign direct investment (FDI).

3.2.1. Agricultural Green Total Factor Productivity

(1) Input of agricultural (INPUT). The following indicators are mainly selected:
1© Labor input (N)—measured by the number of agricultural employees; 2© land input

(L)—measured by the total planting area of crops; 3©machinery input (M)—measured by
total power of agricultural machinery; 4© fertilizer input (F)—measured by the purity mea-
surement of the amount of chemical fertilizer actually applied to agricultural production
every year.

(2) Output of agriculture (OUTPUT). Taking into account expected output (E) and
unintended output (U), specifically as follows: 1© Expected output (E)—gross output value
for agriculture (Y) is measured; 2© unintended output (U)—reflected by indicators such as
total phosphorus (TP), total nitrogen (TN), and chemical oxygen demand (COD).

3.2.2. Urbanization Rate of Population

As rural people were constantly transferred to the cities and towns, on the one hand,
the transfer of rural people would ease the tense relationship between the people and the
land in the countryside, which was conducive to the increase in the agriculture TFP. On the
other hand, the urban construction would affect the decrease in the cultivated land of rural
people, and then restrict the improvement of the comprehensive production ability of food.
If a large number of chemicals were used, it would increase the pollution of the rural area.
Based on this, this article used the ratio of the non-farm population to the total population
as the index of urbanization rate (RUP).

3.2.3. Per Capita Gross Domestic Product

Generally speaking, a higher level of economic development would be conducive
to obtaining richer industrial factors and more advanced industrial technology. In this
way, the industrial environment of the industrial factors would be improved and the
comprehensive production ability of the agriculture would be improved [40]. Therefore, in
this paper, the ratio of GDP per capita to total population of prefecture-level cities is used
to represent the level of economic development (PGDP) index.

3.2.4. Population Density

In reality, the excessive population in the city would bring a large number of un-
employed people and floating people at the same time, which would lead to a shortage
of public resources, resulting in a series of social problems such as excessive consump-
tion of resources, traffic congestion, the use of farmland, and a shortage of water supply,
which would bring many chain effects on the ecological environment. Based on this,
this paper expressed the population density (DP) index with the number of people per
square kilometer.

3.2.5. Environmental Regulation

Objectively, the intensity of the implementation of environmental rules would bring
two-sided effects. On one side, the intensity of the environmental rules would squeeze into
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the normal investment environment, which would be disadvantageous to the promotion
of the industrial competition of a country. For another, the intensity of the environmental
regulation would stimulate innovations in technology, which would further promote the
improvement of the GTFP [42]. Therefore, this paper used the total number of organizations
at the end of the year to express the index of the environmental regulation (ER).

3.2.6. Level of Technological Innovation

It is generally believed that technological innovation is a key variable to solve the
contradiction between economic development and environmental pollution [27], and
has a positive impact on GTFP. Therefore, in this paper, the number of domestic patent
applications accepted (pieces) is used to represent the technical innovation (patent) index.

3.2.7. Foreign Direct Investment

FDI has a two-way impact on the green development of developing countries. The
first tendency is that FDI might bring the host country some problems and pressures such
as waste of resources and pollution. The second tendency might be the opposite; that is,
FDI is very likely to promote the growth of the GTFP, in the host country through spillover
effects of technology and relatively strict standards of environment protection. Based on
this, this paper represents a foreign direct investment (FDI) indicator in terms of foreign
direct investment amount (USD 10,000).

Taking the above analyses together, the urbanization rate of population, economic
development level, population density, environmental regulation, technological innovation
level, and foreign direct investment have different degrees of impacts on the agricultural
green total factor productivity, based on which the following research hypotheses are
proposed in this paper.

Hypothesis 1. The effect of urbanization rate of population (RUP) on agricultural green total
factor productivity is uncertain, and the effect may be positive or negative;

Hypothesis 2. The level of economic development (PGDP) has a positive effect on agricultural
green total factor productivity;

Hypothesis 3. The effect of population density (DP) on agricultural green total factor productivity
is negative;

Hypothesis 4. The impacts of environmental regulation (ER) on agricultural green total factor
productivity are uncertain, and the impacts may be positive or negative;

Hypothesis 5. The level of technological innovation (patent) has a positive effect on agricultural
green total factor productivity;

Hypothesis 6. The effect of foreign direct investment (FDI) on agricultural green total factor
productivity may be bidirectional, and its effect may be positive or negative.

3.3. Introduction to Data Sources

The relevant data in this paper are mainly from “CHINA STATISTICAL YEARBOOK”,
“CHINA RURAL STATISTICAL YEARBOOK”, “CHINA CITY STATISTICAL YEARBOOK”,
“CHINA STATISTICAL YEARBOOK (TOWNSHIP)” and locality statistical yearbooks
(Query URL: https://www.cnki.net/, accessed on 21 December 2021). The empirical data
used are mainly from the panel data of eight prefecture-level cities and provincial panel data
in Guizhou Province from 1996 to 2017 (Bijie was not included for data reasons), so as to
facilitate the analysis of temporal and spatial evolution and horizontal comparison. Because
some of the prefecture-level city data have missing problems, to ensure the consistency
and coherence of the data, this paper adopts the following methods for alignment: first,

https://www.cnki.net/
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the data at the county level are added up to the city level; second, linear fitting, moving
average method, and equality of means were used; third, the data at the province level
are decomposed to the prefecture level and city level based on the ratio of the prefecture
level and city level to the province level; fourth, samples that still had missing values
were removed.

4. Spatiotemporal Evolution and Comparison
4.1. Spatiotemporal Evolution of AGDP and AGGDP in Tongren City

The detailed changes of green agricultural GDP and traditional agricultural GDP in
Tongren City from 1996 to 2017 are shown in Table 1. From the data in the table, from
1996 to 2017, Tongren City’s traditional agricultural GDP increased from 16.9208 to 24.6884;
soil loss cost changed from 0.5968 to 1.0061; total nitrogen environmental loss changed
from 0.2136 to 0.4327; total phosphorus environmental loss changed from 0.0201 to 0.0274;
COD environmental loss changed from 0.0025 to 0.0043; total resource loss cost changed
from 0.8330 to 1.4704; green agricultural GDP increased from 16.0878 to 23.2180. The
ratio of green agricultural GDP to traditional agricultural GDP has remained slightly
fluctuating, at 95% overall. This shows that traditional agriculture in Tongren City was
further reformed during the period 1996–2017, and the development of green agriculture
achieved remarkable results, driving the growth of total agricultural output.

Table 1. Changing of AGGDP and AGDP in Tongren City.

Year AGDP SLC TNEL TPEL CODEL TRLC AGGDP AGGDP/AGDP

1996 16.9208 0.5968 0.2136 0.0201 0.0025 0.8330 16.0878 0.9508
1997 16.5444 0.5877 0.2241 0.0125 0.0023 0.8266 15.7178 0.9500
1998 16.6979 0.5879 0.2139 0.0116 0.0024 0.8158 15.8821 0.9511
1999 16.3922 0.5757 0.2026 0.0112 0.0025 0.7920 15.6002 0.9517
2000 16.0434 0.5603 0.2019 0.0112 0.0026 0.7759 15.2675 0.9516
2001 15.5334 0.5702 0.2063 0.0118 0.0028 0.7912 14.7422 0.9491
2002 16.2659 0.5617 0.2066 0.0117 0.0027 0.7826 15.4833 0.9519
2003 16.8760 0.5925 0.2304 0.0129 0.0030 0.8387 16.0373 0.9503
2004 18.1378 0.8441 0.2265 0.0136 0.0045 1.0887 17.0491 0.9400
2005 18.0375 1.2897 0.2744 0.0167 0.0067 1.5875 16.4500 0.9120
2006 18.4189 0.6776 0.2000 0.0133 0.0035 0.8944 17.5245 0.9514
2007 20.5163 0.6996 0.2665 0.0161 0.0045 0.9868 19.5294 0.9519
2008 22.1622 0.7342 0.2598 0.0156 0.0039 1.0136 21.1486 0.9543
2009 22.6401 0.7823 0.3328 0.0195 0.0067 1.1412 21.4989 0.9496
2010 26.1626 0.8643 0.3709 0.0211 0.0076 1.2638 24.8988 0.9517
2011 27.4759 1.2208 0.4900 0.0292 0.0090 1.7491 25.7268 0.9363
2012 28.8445 1.0762 0.4767 0.0262 0.0092 1.5882 27.2562 0.9449
2013 29.5752 1.1931 0.5323 0.0288 0.0099 1.7640 27.8112 0.9404
2014 35.6093 1.2753 0.5819 0.0333 0.0053 1.8958 33.7135 0.9468
2015 25.2883 1.0108 0.4792 0.0272 0.0042 1.5214 23.7668 0.9398
2016 25.6443 0.9857 0.4764 0.0281 0.0043 1.4945 24.1497 0.9417
2017 24.6884 1.0061 0.4327 0.0274 0.0043 1.4704 23.2180 0.9404

In general, first, the ratio of green agricultural GDP to traditional agricultural GDP
in Tongren City and the ratio of green agricultural GDP to traditional agricultural GDP in
Guizhou Province (excluding Tongren City) remain at a level of more than 93%, indicating
that the development of green agriculture in Tongren City and other cities and states is
improving. Second, the ratio of green agricultural GDP to traditional agricultural GDP in
Tongren City is slightly higher than that in Guizhou Province (excluding Tongren City),
indicating that the output-value share of green agriculture in Tongren City is relatively
high in the whole province. Third, it is worth noting that the ratio of green agricultural
GDP to traditional agricultural GDP in Tongren City dropped significantly in 2005, which
indicates that the ratio of green agriculture GDP to traditional agriculture GDP decreased
compared with the previous stage. The possible reasons for this situation are as follows:
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in order to promote the development of local economy and society, Tongren developed
and introduced some industrial projects in the first few years of 2005, which may not well
coordinate the relationship between industrial development and green development while
promoting economic development. In this way, the development of green agriculture is
likely to be adversely affected by the loss of natural resources and pollution of resources and
environment. The protection of agricultural resources and environment and sustainable
development are restricted, and the ratio of green agricultural GDP has also changed. At
the same time, the ratio of green agricultural GDP to traditional agricultural GDP has
gradually rebounded in Tongren City since 2011, which shows that Tongren’s municipal
Party committee and government have established a concept of green development, pro-
moted green economic and social development and transformation, paid attention to the
protection of the environment and the comprehensive utilization of resources, and made a
historic leap in its comprehensive strength in promoting the process of urbanization. The
comprehensive agricultural production capacity has been improved, and the development
of green agriculture has been accelerated. The temporal and spatial variation trend of the
ratio of green agricultural GDP to traditional agricultural GDP between Tongren City and
Guizhou Province (excluding Tongren City) from 1996 to 2017 are depicted in Figure 1.
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Figure 2 further depicts the temporal and spatial comparison of the ratio of green
agricultural GDP to traditional agricultural GDP between Tongren City and other cities
and prefectures in Guizhou Province. From each radar chart, the closer the numerical
point is to the central point, the smaller the ratio of green agricultural GDP to traditional
agricultural GDP; the closer the numerical point is to the edge line, the greater the ratio of
green agricultural GDP to traditional agricultural GDP, and the better the development of
green agriculture. Compared with the data analysis and presentation from 1996 to 2017,
compared with other cities and states, the ratio of green agricultural GDP to traditional
agricultural GDP in Tongren is generally higher than that in most cities and states, and
has always been among the best, which also means that the development level of green
agriculture in Tongren is higher in the whole province, and its demonstration effect and
significance of green development and sustainable development play a better role.
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Figure 2. Comparison of the ratio of AGGDP to AGDP between Tongren City and other cities and
prefectures in Guizhou Province.

4.2. Temporal and Spatial Comparison between ATFP and AGTFP in Tongren City

The spatial and temporal evolution trend of traditional agricultural TFP and agricul-
tural GTFP in Tongren City from 1996 to 2017 are portrayed in Figure 3. From the overall
evolution trend, the agriculture TFP in Tongren City is generally on the rise, while the
agricultural GTFP has a slow downward trend. During the periods of 1996–2002 and
2006–2007, the gap between agriculture TFP and agricultural GTFP in Tongren City re-
mained relatively small, but there were differences in different ratios in the rest of the
period. After 2011, the gap between agriculture TFP and agricultural GTFP in Tongren City
rapidly expanded; that is, the agriculture TFP was much higher than that of agricultural
GTFP. These spatiotemporal trends basically indicate that with other conditions unchanged,
the growth rates of agricultural labor input, capital input, and agricultural output changed
in different ranges and affected each other.

Figure 3. Changing of ATFP and AGTFP in Tongren City.
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4.3. Spatial Comparison of AGTFP and Its Source Decomposition in Tongren City

The spatiotemporal evolution of agricultural GTFP and its source decomposition in
Tongren City from 1996 to 2017 are charted in Figure 4. From the general trend of change
in the chart, the fluctuation range of agricultural GTFP in Tongren City shows obvious
differences. From 1997 to 2000, the agricultural GTFP in Tongren City showed a significant
downward trend due to the significant decrease in agricultural technology utilization
efficiency and the decline of agricultural technology. During 2002–2007, there was a big
difference between the agricultural GTFP in Tongren City and the change of agricultural
technology utilization efficiency and agricultural-technology progress. During this period,
the agricultural GTFP may have been on the rise because of the rapid progress of agricul-
tural technology, and in 2007 the agricultural GTFP reached the highest value. During the
period from 2007 to 2017, agricultural GTFP declined due to the retrogression of agricultural
technology and the slow growth of agricultural technology utilization efficiency.

Figure 4. Spatial evolution of AGTFP and its source decomposition in Tongren City.

The ranked changes in agricultural GTFP between Tongren City and the other cities of
Guizhou Province in 1997 and 2017, respectively, are listed Table 2, which can reflect the
spatial and temporal changes of agricultural GTFP in each city over 20 years (1997–2017). It
can be clearly seen from Table 2 that the top three agricultural GTFP in 1997 were Qiannan,
Tongren, and Qiandongnan, and the bottom three were Zunyi, Liupanshui, and Anshun.
In 2017, the top three agricultural GTFP were Liupanshui, Qiannan, and Qianxinan, while
the bottom three were Tongren, Zunyi, and Anshun. Obviously, compared with the other
seven cities, the agricultural GTFP of Tongren City fell from second place in 1997 to eighth
place in 2017, dropping six places. Significant spatiotemporal changes in the agricultural
GTFP of Tongren City took place in the 20-year period of 1997–2017.

Table 3 shows the comparison of agricultural GTFP and its source decomposition
between Tongren City and other cities in Guizhou Province. From the perspective of TFP,
the TFP level of Tongren City ranks first among cities, followed by Liupanshui City. From
the two decomposition indicators of agricultural technology utilization efficiency change
and agricultural technology progress, the ranking of Tongren City is not ideal, at the lowest
position among the cities, which also leads to the relatively low level of agricultural GTFP
in Tongren compared with other cities.
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Table 2. Ranking changes of AGTFP between Tongren City and other cities and prefectures in
Guizhou Province.

City Rank_1997 Rank_2017 Rank_Change GTFP_Change

Qiannan 1 2 1 6.4400
Tongren 2 8 6 −3.0200

Qiandongnan 3 5 2 2.1300
Guiyang 4 4 0 2.1800

Qianxinan 5 3 −2 3.7900
Anshun 6 6 0 0.5400

Liupanshui 7 1 −6 7.5200
Zunyi 8 7 −1 −1.3800

Table 3. Comparison of AGTFP and its source decomposition between Tongren City and other cities
and prefectures in Guizhou Province.

City TFP GTFP EFFCH TECH

Qiannan 0.8788 1.4813 0.8577 1.7437
Qiandongnan 0.7718 1.3100 0.9274 1.4160

Liupanshui 1.0508 1.2298 1.1200 1.1014
Guiyang 0.3273 1.1416 1.1268 1.0280

Qianxinan 0.9635 1.1243 0.9288 1.2302
Anshun 0.7297 0.9773 0.8621 1.1452
Zunyi 0.8227 0.8082 0.7476 1.0999

Tongren 1.2636 0.7473 0.7351 1.0184

5. Empirical Results and Analysis
5.1. Descriptive Statistics

The descriptive statistical analysis of agricultural GTFP and its influencing variables
are demonstrated in Table 4. From the statistical results of the mean, standard deviation,
minimum value, lower quartile, median, upper quartile, and maximum value of the sample
data, on the whole, the distribution of most variables is relatively concentrated and the
degree of dispersion is small. However, it is also found that the dispersion of mechanical
input (m) and technological innovation (patent) is high, the gap between the mean and
median is large, and the standard deviation is also large, which shows that there are some
differences between the two variables of mechanical input (m) and technological innovation
level (patent) in the sample data.

Table 4. Descriptive statistics of variables.

Statistic N Mean St. Dev. Min Pctl (25) Median Pctl (75) Max

Y 168 17.17 10.577 4.934 9.234 14.365 20.929 66.574
TN 168 9919.593 5058.705 4214.72 6898.753 7978.485 10,193.01 27,836.39
TP 168 300.855 142.509 83.672 210.087 273.936 333.535 896.104

COD 168 11.318 9.155 4.66 6.44 7.519 9.72 44.905
L 168 47,6167.1 287,699.8 223,720 251,340 422,883.3 520,496.8 1,302,150
N 168 157.389 54.254 17.454 125.701 161.823 211.583 213.344
M 168 1,428,948 951,713.9 195,000 635,947.2 1,206,554 191,1725 4,575,300
F 168 79,052.7 40,066.39 29,426 56,100.5 65,843.5 79,780.8 227,310

GTFP 168 0.758 0.244 0.343 0.61 0.682 0.863 1.599
RUP 168 33.483 12.527 11.369 26.776 31.791 37.538 86.06

PGDP 168 0.31 0.302 0.055 0.114 0.206 0.388 1.632
PD 168 273.102 136.135 0 238.3 263.4 321.6 1148
ER 168 326.218 70.858 223 272 294 398 455

Patent 168 6234.571 7693.647 774 986 2674 8351 25,315
FDI 168 105.791 68.735 48.828 67.389 73.166 110.285 308.889
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5.2. Empirical Analysis

The estimation results of the empirical model of agricultural GTFP are summarized in
Table 5. From the impact of various variables on agricultural GTFP, the three variables of ur-
banization rate (RUP), economic development level (PGDP), and technological innovation
level (patent) have passed the significance level test of 5%, 1%, and 5%, respectively, and
the directions are positive, and the coefficients are 0.1922, 0.2478, and 0.677,0 respectively,
which means that the urbanization rate (RUP), economic development level, (PGDP) and
the improvement of technological innovation level (patent) can significantly promote the
increase of agricultural GTFP; in particular, the improvement of technological innovation
level (patent) can significantly and rapidly improve agricultural GTFP. At the same time,
the population density (DP) also passed the significance level test of 1%, and the coeffi-
cient is −0.0715, which is negative, indicating that the larger the urban population density
(DP), the less conducive it is to promoting the rise of agricultural GTFP. From the impact
of various variables on the level of agricultural technological progress, the urbanization
rate (RUP) and economic development level (PGDP) have passed the significance level
test of 1% and 5%, respectively, and the directions are positive, and the coefficients are
0.2875 and 0.1243, respectively, which shows that under other unchanged conditions, the
urbanization rate (RUP) and economic development level (PGDP) have a significant posi-
tive role in promoting the improvement of the level of agricultural technological progress.
Similarly, the population density (−0.0491) passed the significance level test of 1%, which
will significantly restrict the improvement of agricultural technology progress. From the
impact of various variables on the change of agricultural technology utilization efficiency,
economic development level (PGDP), technological innovation level (patent), population
density (DP), and environmental regulation (ER) all passed the significance level test of
5%, but the direction of economic development level (0.1250) and technological innovation
level (0.7794) is positive, and the direction of population density (−0.0221) and environ-
mental regulation (−3.6215) is negative; this shows that under the condition that other
conditions are not affected, the improvement of economic development level (PGDP) and
technological innovation level (patent) can help to improve the agricultural technology
utilization efficiency. The greater the population density (DP) and the higher the intensity
of environmental regulation (ER), the more it will hinder the rise of agricultural technology
utilization efficiency.

Table 5. Estimation results of measurement model.

Variable
LnGTFP LnTC LnEC

(1) (2) (3)

RUP 0.1922 ** 0.2875 *** −0.0957
(0.0964) (0.0781) (0.0948)

PGDP 0.2478 *** 0.1243 ** 0.1250 **
(0.0596) (0.0483) (0.0586)

DP −0.0715 *** −0.0491 *** −0.0221 **
(0.0103) (0.0083) (0.0101)

ER −2.5484 0.4443 −3.6215 **
(1.7738) (1.4372) (1.7446)

Patent 0.6770 ** 0.0814 0.7794 **
(0.3329) (0.2697) (0.3274)

FDI −0.411 −0.2275 −0.3442
(0.3733) (0.3025) (0.3672)

Constant 10.6337 −2.6489 16.1535 **
(6.9970) (5.6691) (6.8816)

Year Yes Yes Yes
City Yes Yes Yes

N 168 168 168
R2 0.5444 0.5266 0.3057

Note: The parentheses are the robust standard error values. Among them: **, ***, respectively, indicate that the
parameters are estimated to pass the statistical significance test at 5% and 1%.
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6. Conclusions and Implications

Many scholars have conducted in-depth studies on the problems, level measure-ments,
and route choices of the growth of agriculture. However, there have been few studies on
how to promote agricultural green growth from the perspective of agricultural moderniza-
tion, and how to combine green agricultural GDP with agricultural GTFP and its source
decomposition. To address this research inadequacy, in this paper, we focus on the time
and space comparison of green agricultural GDP, agricultural GTFP, and their source de-
composition, and summarize and discuss the key factors affecting agricultural GTFP. On
the basis of the above analyses, the research findings are summarized as follows: Firstly,
for the period of 1996–2017 in Tongren City, overall, the GDP for traditional agriculture,
total resource loss costs, and green agricultural GDP all showed an increase, and the ratio
of green agricultural GDP to traditional agricultural GDP slightly decreased from 0.9508 in
1996 to 0.9468 in 2017; among them, the highest ratio was 0.9543 in 2008 and the lowest
ratio was 0.9120 in 2005. Comparatively speaking, the share of green agricultural output of
Tongren City is high at all prefecture levels throughout the province, and the momentum of
green agricultural development continues to be favorable. Secondly, the dispersion degree
of input variables, such as agricultural fertilizers, agricultural machinery, and agricultural
land is relatively high, and the data distribution of the TN in agricultural output variables
has certain differences. The changes in agricultural input variables and agricultural output
variables jointly affect the amplitude of the fluctuation of agricultural GTFP and its source
decomposition. Comprehensive variables such as the application amount of agricultural
fertilizers, emission of TP, TN, COD, agricultural mechanization, and planting area of crops
will directly affect the agricultural ecological environment, and then affect agricultural
GTFP. Thirdly, the agricultural TFP and the agricultural GTFP in Tongren showed an unbal-
anced and unstable pattern, and the gap showed an increasing trend after 2011, which may
be affected by factors such as agricultural labor input, capital input, and agricultural output–
input and other factors. There are large spatiotemporal differences between the change
of agricultural GTFP and agricultural technology utilization efficiency and agricultural
technology progress in Tongren City, which are vulnerable to the fluctuation of agricultural
technology utilization efficiency and agricultural technology progress. Fourthly, compared
with the existing literature, a lot of existing literature mainly focuses on the measurement of
agricultural GTFP to agricultural green growth, but there is lack of agricultural GTFP and its
source decomposition to measure agricultural green growth. This paper focuses on the im-
pact of various variables on agricultural GTFP, agricultural technology utilization efficiency,
and agricultural technology progress, and accordingly pays attention to agricultural green
growth. The increase in population urbanization rate can significantly promote the increase
in agricultural GTFP and agricultural technology progress, but it restricts the improvement
of agricultural technology utilization efficiency. Hypothesis 1 has been verified: The higher
the level of economic development, the more significant the increase in agricultural GTFP,
the increase in agricultural technology utilization efficiency, and agricultural technology
progress. Hypothesis 2 has been verified: The greater the population density, the easier it is
to hinder the increase of agricultural GTFP, the improvement of agricultural technology
utilization efficiency, and agricultural technology progress. Hypothesis 3 has been veri-
fied: The intensity of environmental regulation is negatively correlated with agricultural
GTFP and the agricultural technology utilization efficiency, but it will promote agricultural
technology progress to some extent. Hypothesis 4 has been verified: It is noteworthy that
some literature shows that the impact of environmental reg-ulation intensity on green
total factor productivity is significant, but the impact of environmental regulation intensity
on agricultural GTFP has not passed the significance test in this paper, which indicates
that to a certain extent, the environmental policies of the research area can not effectively
promote the sustainable growth of agricultural GTFP. Therefore, special attention should be
paid to the relationship between environmental policy and agricultural green growth. The
increase in technology innovation level can significantly improve agricultural GTFP and
agricultural technology utilization efficiency. Hypothesis 5 has been verified: Foreign direct
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investment is negatively and not significantly related to agricultural GTFP, agricultural
technology utilization efficiency, and agricultural technology progress. Hypothesis 6 has
been verified: It should also be mentioned that some literature has proven that there is a
significant positive relationship between FDI and agricultural GTFP in the central areas of
China. However, objectively speaking, in this paper, FDI has not significantly promoted
the improvement of agricultural GTFP, which is related to the fact that the research area
of this paper belongs to the mountainous areas in Western China. Relatively speaking,
compared with the eastern and central regions, the international trade environment and
foreign investment environment in the western mountainous areas are relatively lagging
behind. Therefore, the next step is to adjust the foreign trade structure according to local
conditions and form a foreign trade environment conducive to agricultural green growth.

Based on the above findings, the policy implications of this research are significant.
First of all, attention should be paid to protecting the agricultural ecological environment,
implementing action plans for agricultural green development, improving and perfecting
the criteria and standards for agricultural green growth, strictly controlling agricultural
fertilizer applications and emissions of TP, TN, and COD, taking advances in biochemical
technology and agricultural machinery technology as the inexhaustible drive force for
promoting agricultural green growth, agricultural GTFP, promoting agricultural technology
utilization efficiency and the agricultural technology progress synchronously, increasing the
experimental demonstration of agricultural science and technology, and promoting the im-
provement of scientific and technological innovation levels of green agricultural. Secondly,
adhering to conservation of agricultural lands and renovation of agricultural machinery,
developing multifunctional and composite agricultural machinery facilities and equipment
suitable for operation in mountainous and dam areas as soon as possible, and improving
the utilization rate, conversion rate and productivity of water conservancy irrigation sys-
tems and agricultural machinery and equipment operation. We will promote the design
of public service policies and support measures to favor agricultural and rural farmers,
accelerate the completion of the shortcomings of rural public infrastructure construction,
and improve the equalization and quality of rural public services. Furthermore, there is a
significant relationship between population urbanization rate, economic development level,
technology innovation level, population density and agricultural GTFP. On the one hand,
while promoting the improvement of economic development level, we should coordinate
the urbanization process, enhance the supporting role of the technological innovation
level, and control the negative impact caused by rapid population growth. On the other
hand, the relationship between economic development and green development should be
well-coordinated in an overall way, and appropriate incentives and restraint mechanisms
should be established. According to the different characteristics of different stages of devel-
opment, the intensity of environmental regulation can be flexibly regulated and foreign
direct investment can be actively guided so as to improve the agricultural GTFP.
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