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The integrated development of agriculture and tourism is conducive to the
realization of agricultural ecological value, which will promote the green
development of agriculture and improve the green total factor productivity of
agriculture as well. Based on panel data in China from 2008 to 2019, the super-
efficiency SBMmethod and the coupling coordination degreemodel were used to
estimate the agricultural green total factor productivity (AGTFP) and the
integration level of agriculture and tourism (ATL). The dynamic spatial Durbin
model and threshold effect model were used to demonstrate the effects and
characteristics of the agriculture and tourism integration on AGTFP. Results
showed that: 1) During the study period, AGTFP and ATL increased steadily,
and showed obvious spatial agglomeration characteristics; 2) The integration
of agriculture and tourism will directly promote the improvement of AGTFP in
the local region, and this impact has a spatial spillover effect. The direct effect in
the central region in China is the strongest, and the spillover effect in the eastern
region is the largest. 3) The influence of the agriculture and tourism integration on
AGTFP was enhanced with the improvement of ATL, showing a threshold
characteristic. From the perspective of subregion, the threshold value of ATL in
the eastern region is the lowest, while the threshold value in the western region is
the highest. The results of this study provide useful enlightenment for promoting
the deep integration of agriculture and tourism and improvement of AGTFP so as
to promote the green development of agriculture.
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1 Introduction

Since the United Nations (UN) promulgated the Declaration on the Human
Environment in 1972, most countries in the world have begun to pay general attention
to the problem of agricultural pollution (UNEP, 2008). This is because it not only relates to
the sustainable development of agriculture but also determines the wellbeing of all humanity.
In 2019, the UN Food and Agriculture Organization (FAO) released a report entitled “The
State of Land and Water Resources in the World’s Food and Agriculture Systems on the
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Verge of Collapse”. This indicated that the consumption and
pollution of soil, land, and water had increased dramatically in
the past ten years, and that it will be difficult to meet the food
demands of nearly 10 billion people in the world in 2050 (Zhang
et al., 2022). Therefore, the green and sustainable development of
agriculture has attracted much attention across the world.

As a traditional agricultural country, China has made
remarkable achievements in agriculture since the implementation
of the reform and opening policy. Statistics show that China’s total
grain production increased from 430.7 million tons in 2003 to
686.53 million tons in 2022—19 consecutive years of growth.
However, in the process of China’s rapid agricultural
modernization, problems such as excessive use of pesticides,
irrational use of agricultural wastes, high consumption of fossil
energy, and soil destruction have led to serious agricultural non-
point source pollution and carbon emissions. According to the
Second National Survey of Pollution Sources in 2021, chemical
oxygen demand was 10.676 million tons, accounting for 49.77% of
major pollutants discharged from agricultural production, while the
amount of ammonia nitrogen was 1.415 million tons, accounting for
46.52% of major pollutants (Sun, 2022). Agricultural production has
thus become a major source of pollution in China.

At the same time, as one of the world’s most populous
developing countries, China must feed nearly 21% of the world’s
population with only 9% of the world’s arable land. Against this
background, China’s realization of green and sustainable
agricultural development is a necessary choice to ensure food
security and economic and social stability (Shen et al., 2019).
Therefore, the central government of China has attached great
importance to the green transformation of agriculture. In 2015, it
first proposed the concept of green development. In 2017, the “No.
1 Document” of the Communist Party’s Central Committee
proposed “promoting the green production mode and enhancing
sustainable agricultural development ability.” In 2021, the Ministry
of Agriculture and Rural Affairs formulated the 14th Five-Year Plan
for National Agricultural Green Development, which clearly called
for accelerating the establishment of a green, low-carbon, and
circular agricultural industry system, the strengthening of the
treatment of non-point agricultural source pollution, and the
promotion of carbon reduction and sequestration in agriculture
and in rural areas. Improving agricultural green total factor
productivity (AGTFP) has become an important way of solving
the dilemma of “resource–energy–environment–sustainable
growth” in agriculture and of realizing agricultural green
development. Therefore, the transformation of agriculture from
extensive growth-driven factors to green growth driven by green
total factor productivity has become a problem that must be solved
for green agricultural development. Hence, it is of great significance
to explore possible influencing factors for promoting AGTFP.

In recent years, promoting the integrated development of rural
industries has been regarded as an important priority in the
agricultural modernization of China. In 2015, the General Office
of the State Council issued “Guiding Opinions on Promoting the
Integrated Development of Primary, Secondary, and Tertiary
Industries in Rural Areas”. As an important means of rural
industrial integration, the integration of agriculture and tourism
has been developing rapidly. According to data released by the
Ministry of Agriculture and Rural Affairs, the number of agro-

tourism operators, including leisure and sightseeing farms, had
reached more than 300,000, and more than 7,300 farmer
cooperatives were involved in leisure agriculture or rural tourism
by the end of 2019. In addition, the scale of the agro-tourism market
has also been expanding. In 2019, agro-tourism received 3.2 billion
tourists and generated more than 850 billion yuan in revenue, the
total number of agro-tourists accounted for 53.28% of the total
number of visitors in the whole domestic tourism industry, and its
operating revenue accounted for 14.83% of the total operating
revenue of China’s domestic tourism1. According to data from
1,000 key rural tourism villages in China in 2022, the average
contribution of agro-tourism integration to rural employment
was 47.1%, and other indicators of promoting infrastructure
construction were also prominent.

Agro-tourism activities are deeply affected by agricultural
ecological resources, which are the prerequisite of integration
(Van Zyl and Van Der Merwe, 2021). When the potential of
agro-ecological resources is realized through the development of
agro-tourism products, agricultural producers will then be
encouraged to practice green and environmentally friendly
production methods and reduce harmful inputs (Koscak, 1998;
Lupi et al., 2017). In the process of integration, vertical
correlation is formed between the agricultural and tourism
industries, which promotes the spillover of knowledge,
technology, and management among industrial-related operations
(Jiang, 2022). Meanwhile, the extension of the industrial chain and
the integration of the value chain also optimize the allocation of
agricultural production factors, such as agricultural labor and land
resources. Consequently, the efficiency of agricultural output will
increase. The integrated development of agriculture and tourism, in
turn, has a positive impact on agricultural green development.

Compared with other industries, cross-regional operation is an
important feature of the tourism industry because of its strong
mobility. China’s vast territory and distinct regional variations in
crop growth cycles make it possible to operate cross-regional agro-
tourism. At the same time, cross-regional operations are beneficial
for expanding market scale and further deepening the vertical
division of labor in the whole agricultural system so that it can
realize economies of scale (Pitrova et al., 2020). In addition, the
seasonal nature of crop production enhances the mobility of agro-
tourists, thus promoting the efficiency of information and
technology exchange between regions. Therefore, the impact of
agro-tourism integration on agricultural green development may
have a spillover effect.

In the process of the integration of agriculture and tourism,
agriculture’s ecological premium is realized. However, in the early
stages of this integration, the agricultural ecological premium is not
so high so that agricultural production is mostly carried out in
traditional production modes (Hu and Zhong, 2019). At this stage,
agricultural production mainly aims at improving agricultural
production efficiency and rarely actively reduces the input of
harmful environmental factors such as fertilizers and pesticides.
Therefore, the promotion effect of low-level integration on AGTFP

1 Data of 2020–2022were not taken into account due to impact of COVID-
19 pandemic.
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is not so significant. With more in-depth development of this
integration, agriculture’s ecological premium will be more fully
realized (Jiang, 2022). This can encourage agricultural producers
to reduce harmful inputs and to adopt green production methods.
They will thus pay increasing attention to the green and sustainable
development of agriculture to obtain a higher
agricultural–ecological premium. Therefore, increased agriculture
and tourism integration has an enhanced positive effect on AGTFP.

Existing studies have paid little attention to the impact of
agriculture–tourism integration on the green development of
agriculture. There are few empirical studies on the effect of
agriculture and tourism integration on AGTFP, especially on its
spillover and non-linear effects. Therefore, the main purposes of this
paper are to 1) assess the level of agricultural green total factor
productivity (AGTFP) accurately, based on the super efficiency SBM
method with provincial data from China; 2) measure the integration
level of agriculture and tourism (ATL) with the coupling
coordination degree model to better identify the linkage of
agriculture and tourism; 3) demonstrate the spillover and non-
linear effects of agriculture–tourism integration on AGTFP based on
the dynamic spatial model and threshold model respectively; 4)
propose specific policy recommendations for improving
agriculture–tourism integration to promote AGTFP. The study
also makes more marginal contributions. First, it demonstrates
the impact of the integration of agriculture and tourism on
AGTFP with empirical analysis, providing a new perspective for
exploring factors which may affect agricultural green development.
Second, it focuses on the environmental effect of
agriculture–tourism integration—while most studies concern its
economic impacts—and thus expands the scope of research on
the effect of this integration. Third, the spatial spillover and non-
linear effects of agriculture–tourism integration on AGTFP are
demonstrated by using the dynamic spatial Durbin and dynamic
threshold models, which can more scientifically reveal the impact of
agriculture–tourism integration on AGTFP. Additionally, the
dynamic characteristics of AGTFP are considered in the
estimation of the impact of agriculture–tourism integration on
AGTFP, thus effectively avoiding the endogeneity problem.

The remaining parts of this paper are structured as follows.
Section 2 reviews the literature on agro-tourism integration and
AGTFP and also constructs a theoretical framework. Section 3
provides model selection, variable measures, and data
descriptions. Section 4 presents the empirical results and
discusses them in detail. Finally, this paper proposes precise
policy implications for promoting AGTFP based on the results of
the empirical analysis.

2 Literature review and theoretical
framework

2.1 Literature review

2.1.1 The integration of agriculture and tourism
There is a strong linkage between tourism and agriculture

(Ammirato et al., 2020). Tourism activities create a demand for
tourism products, thus determining the production of agricultural
products and food in the process of tourism consumption (Ristić

et al., 2019). On the other hand, agricultural production processes
and seasonal characteristics affect the content of tourism supply
(Sanches-Pereira et al., 2017; SoleimannejadAlibaygi and Salehi,
2021). Given the strong linkage between tourism and agriculture,
increasing attention has been given to agriculture–tourism
integration (Gilbert and Hudson, 2000; Streifeneder, 2016; Ristić
et al., 2019). Based on symbiosis theory, Chen (2014) argued that the
integrated development of tourism and agriculture is the
internalization of the inter-industry division of labor and the
sharing of products, markets, and resources by the two
industries, thus realizing their developing symbiosis. Nie and Fan
(2019) argued that such integration is a process in which the
internalization is the inter-industrial division of labor and the
sharing of products, markets, and resources, and that it is driven
by market demand, economic growth, and competition.

Increasing attention has been paid to the impact of the
integrated development of agriculture and tourism on the rural
economy, society, and the environment. In terms of its economic
effects, research has found that establishing effective links between
agriculture and tourism not only leads to new market space and
consumer demand but also promotes high-quality tourism and
agricultural products (Tew and Barbieri, 2012; Testa et al., 2019).
Although the agricultural products required by tourism are only a
small part of total agricultural productivity, they still play a key role
in ensuring the quality of these products (Valdivia and Barbieri,
2014). Many scholars have empirically tested the effect of
agriculture–tourism integration on rural and regional economic
growth (Van Sandt and Thilmany Mcfadden, 2016). In terms of
its social effects, they argue that the development of agro-tourism
can provide economic incentives and stability for farmers and
improve the quality of life of rural populations in mountainous
areas, thus meeting challenges of population migration and
economic change (Dax et al., 2019). This is also conducive to
strengthening urban–rural links and preserving natural and
cultural heritage (Streifeneder, 2016). In terms of its
environmental effects, scholars hold different views on the
ecological effect of agriculture–tourism integration. Some argue
that tourism provides agriculture with another source of income,
which is conducive to sustainable agricultural development. The
development of agro-tourism draws part of the agricultural labor
force and provides funds for farmers to adopt innovative
technologies such as fertilizers, allowing them to expand
production without increasing tillage frequency or clearing new
land to indirectly reduce environmental degradation (Guaita
Martínez et al., 2019). However, drawing labor from agriculture
may also lead to a loss of farmers with land management skills,
leading to deterioration in the agricultural ecological environment
(SoleimannejadAlibaygi and Salehi, 2021). Overall, above studies
have come to opposite conclusions, so whether the integration of
agriculture and tourism can promote AGTFP needs to be further
verified.

2.1.2 Agricultural green total factor productivity
The sustainable and high-quality development of agriculture

depends, on one hand, on the continuous increase of labor,
machinery, equipment, land, and other factors of production, and
on the improvement of the efficient use of production factors on the
other hand. Agricultural total factor productivity is one of the main
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indicators for measuring the efficiency of production factors. As
environmental pollution becomes more and more serious, the
addition of environmental and resource factors to the traditional
agricultural total factor productivity framework has become an
academic research hotspot, begetting the concept of agricultural
green total factor productivity (AGTFP). Research on AGTFP is
mainly done into the following aspects.

The DEA and SFA methods are widely used for the
measurement of AGTFP (Adetutu and Ajayi, 2020; Chen et al.,
2021; Wang et al., 2023). Compared with SFA’s parametric method,
DEA is non-parametric, does not need specific production functions
and inefficiency items in advance, and is less subject to subjective
influence (Gong, 2020). Emrouznejad and Yang (2018) reviewed the
literature from 1978 to 2016 and found that DEA has high
applicability in measuring agricultural production efficiency. In
the early literature, angular and radial DEA models were used to
measure agricultural total factor productivity, which required the
selection of input or output angles of the model and required these to
change in the same proportion, which was inconsistent with actual
production. To avoid this problem, the slacks-based measurement
(SBM) model proposed by Tone (2001) was used to evaluate
AGTFP. However, when there are more than two effective units
in the same period, the SBM standard efficiency model cannot sort
them. So Tone (2002) further proposed the super efficiency SBM
model. When considering undesirable outputs, the SBM super
efficiency model incorporating undesirable output is commonly
used to measure AGTFP.

With the improvement of AGTFP measurement methods,
scholars began to pay attention to the influencing factors of
AGTFP. According to Sheng et al. (2020), agricultural economic
development level, agricultural production structure, and

agricultural technology levels are important factors affecting
AGTFP (Sheng et al., 2020). Regional characteristics also affect
the growth of AGTFP. Gao and Niu (2018) observed that different
regional economic development factors in China lead to regional
differences in AGTFP. Other studies have found that agricultural tax
reduction (Liang and Long, 2015), rural financial development (Li,
2021), environmental regulation (Huang et al., 2021), and
agricultural informatization (Gao and Niu, 2018) can promote
AGTFP, while urbanization and agricultural trade could inhibit it
(Liang and Long, 2015). However, few studies have analyzed the
factors that influence AGTFP from the perspective of industry
integration. Only Wang et al. (2022) have tested the linear
influence of agro-tourism industry agglomeration on AGTFP, but
without considering the possible spatial spillover and non-linear
characteristics of this influence.

2.2 Theoretical framework

The integration of agriculture and tourism refers to the process
of developing agricultural tourism resources and managing
agricultural tourism products by relevant stakeholders to
maximize economic, social, and ecological effects under certain
rural economic and social backgrounds. Therefore, the
integration of agriculture and tourism not only plays a role in
promoting the development of the rural economy but also has an
impact on improving AGTFP, which is mainly reflected in the
following aspects (Figure 1).

First, this integration promotes progress in agricultural
technology. Agriculture–tourism integration promotes the spatial
agglomeration of business units and promotes the flow of talent and

FIGURE 1
Impact mechanism of agriculture–tourism integration on improving AGTFP.
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technological interaction. Advanced technology and management
experience in tourism enterprises also share their knowledge,
technology, and management skills with related or cooperative
agricultural operation subjects so that the technical level of
agricultural production and operation can be improved (Ristić
et al., 2019).

Second, the integration promotes optimal resource and
element allocation. Under traditional agricultural management,
the function of agricultural resources and products is relatively
simple, and the application scope is relatively narrow. The
allocation framework of agricultural factors is mainly reflected
in the level of limited capital, abundant land, and primary labor
resources, which makes for a relatively inefficient allocation of
agricultural production factors. In the process of
agriculture–tourism integration, the capital, technology,
talents, information, and management elements of the two
industries realize a market-oriented flow and full interaction,
thus promoting a higher optimal allocation of various production
factors and effectively improving the allocation efficiency of
agricultural factors (Fleischer and Tchetchik, 2002; Ammirato
et al., 2020).

Third, this integration promotes the optimization and
upgrading of the agricultural industrial structure. The integral
development of agriculture and tourism has enriched the
development of rural tourism and created a large number of
rural tourism products or service formats with rich content (Hsu
et al., 2013). For example, a variety of new business formats have
appeared in practice, such as national agricultural parks, leisure
farms, rural camps, rural museums, citizen agricultural parks, and
rural homestays. Driven by demand, the adjustment of the allocation
of agricultural production factors has led to the optimization of the
quality and variety of the agricultural production (Amsden and
McEntee, 2011).

Fourth, integration contributes to the realization of
diversified values of agriculture, resulting in increased
agricultural output. It is helpful to expand the tourism
function of agricultural resources and promote appreciation
of the value of agricultural products, the natural ecology, and
human resources as tourism products (Fleischer and Tchetchik,
2002). Therefore, the integration of agriculture and tourism
effectively expands income growth in agricultural production
and management activities. Moreover, agriculture–tourism
integration contributes to the cultivation of agricultural
products and regional brands, thus enhancing the popularity
and reputation of agricultural products; this plays an important
role in enhancing the added value of agricultural product sales
(Pillay and Rogerson, 2013).

Accordingly, we propose the following research hypothesis:
“The integrated development of agriculture and tourism has a
positive effect on the improvement of AGTFP.”

3 Methods and materials

3.1 The Super-SBM method

The super efficiency SBM model (super-SBM) is used in this
study to calculate China’s AGTFP. Compared with the radial and

angular DEA and SBM models, super-SBM can effectively evaluate
and rank multiple fully effective decision units (Tone, 2002). Here,
360 decision-making units (DUS) from 30 provinces from 2008 to
2019 were used. If the kth decision unit (j = 1, 2, . . ., n) has input
vectors x ∈ RM, expected output vector yg ∈ Rs1 , undesired output
vector yg ∈ Rs2 , respectively. Also, define the matrix
X � [x1, x2, · · ·, xn] ∈ Rm × n, Yg � [yg

1 , y
g
2 , · · ·yg

n ] ∈ Rs1 × n,
Yb � [yb

1, y
b
2, · · ·yb

n] ∈ Rs2 × n. For the measured decision unit k,
in Formula 1:

min ρ �
1 + 1

m
∑m
i�1

S−i
xik

1 − 1
s1 + s2

∑S1
r�1
(Sgr/yg

rk
) +∑S2

t�1
(Sbt/yb

tk
)⎛⎝ ⎞⎠

s.t. ∑n
j�1,j ≠ k

xijλj − s−i ≤ xik

∑n
j�1,j ≠ k

yrjλj + sgr ≥yg
rk

∑n
j�1,j ≠ k

ytjλj − sbt ≤yb
tk

λ≥ 0, sg ≥ 0, sb ≥ 0, s− ≥ 0,

(1)

where λ is the weight vector, and s−i 、 sgr、 sbt are slack variables.
1
m∑m

i�1
s−i
xik

represents the average inefficiency of inputs, and
1

s1+s2 (∑s1

r�1S
g
r /y

g
rk +∑s2

t�1S
b
t /y

b
tk) represents the average inefficiency

of outputs. ρ is the efficiency value of a decision unit and
can be greater than 1, so the effective decision unit can be
distinguished.

3.2 The coupling coordination degreemodel

In an open industrial system, different industries may lead
to industrial coupling due to resource complementarity, which
makes the industrial system evolve toward an advanced and
orderly state (Nie, 2019). Chen (2014) believes that although
the concepts of industrial coupling and industrial convergence
are different, industrial coupling reflects the dynamic process
of gradual integration between industries, while industrial
convergence reflects the internal interaction and correlation
between industries. However, the two have the same effect and
the deep-level theories are similar. Many scholars use the
coupling coordination degree model (CCDM) to evaluate
the degree of industrial integration. For example, Su (2020)
used it to measure the integration level of producer services
and manufacturing in China from 2005 to 2018. Xu and Chen
(2020) built an evaluation index system of coupling
coordination for the development of the sports and tourism
industries based on CCDM and discussed the comprehensive
level and coupling coordination degree of these industries in
31 provinces in mainland China. Wang (2018) calculated the
integration degree of agriculture and tourism based on this
model. In general, CCDM has good applicability and is also
used to construct the integration level measurement model of
the agriculture and tourism industries in this study. The
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construction process of the CCDM for the agriculture and
tourism industry is as follows:

① Standardize the data of the evaluation index:

When the evaluation index is a positive index:

yij � xij −min xj

maxxj −minxj
. (2)

When the evaluation index is a negative index:

yij � x max − xj

maxxj −minxj.
(3)

② Calculate the information entropy:

hj � −k∑m
i�1
pijInpij(Wherepij � yij∑m

i�1
yij

, k � 1
Inm

). (4)

Define the weight of the jth indicator as

wj � 1 − hj∑n
j�1

1 − hj( ) (Wherewj ∈ 0, 1[ ], and∑n
j�1
wj � 1). (5)

③ Calculate the development level of the agriculture and tourism
industries. The agricultural comprehensive evaluation function
was determined and established according to the linear weighting
method:

A x( ) � ∑n
j�1
wjMij. (6)

In Formula 6, j is the number of evaluation indexes of
agricultural development level, wj is the weight of indexes, and
Mij is the standardized value of the jth agricultural index in the ith
year. The higher the value of A(x), the higher the level of
comprehensive agricultural development will be, and vice versa.
Similarly, the comprehensive evaluation function of tourism
industry is established

T y( ) � ∑n
i�1
wjNij. (7)

The interpretation of each indicator in Formula 7 is similar to
that in Formula 6. The larger the value of T(y), the higher the
development level of tourism will be, and vice versa.

④ The CCDM of agriculture and tourism industry is established
as follows:

C �
�������������
A x( ) · T y( )
A x( ) + T y( )( )22

√
. (8)

D � β · A x( ) + γ · T y( ). (9)
ATL � U � �����

C ·D√
. (10)

In Formula 10, C is the coupling degree, C ∈ [0,1]. The greater the
value of C, the more ideal the degree of the integration of the two
industries will be, and vice versa. The coupling degreeC only reflects the
interaction and cross state of the agriculture and tourism industries and
cannot accurately reflect their actual integration and development level.

In order to avoid the illusion that the development level of the two
subsystems is not high but the coupling degree of them is, the coupling
coordination degree U is used to represent the integration level of
agriculture and tourism (ATL). The larger the U value, the better the
coupling coordination will be. Generally speaking, the greater the value
of coupling coordination degree, the higher the degree of integration
between industries will be (Su, 2020). In Formula 9, β and γ are
undetermined coefficients, and D is the comprehensive coordination
index of the agriculture and tourism industries. In view of the
interactional relationship between the agriculture and tourism
industry system in the process of integration, this paper follows the
view of Wang (2018), making β = γ = 0.5.

3.3 Empirical models

3.3.1 The spatial econometric model
3.3.1.1 Global Moran’s I Index

According to the first law of geography, regional economy is an
open system. There are various kinds of material and immaterial
connections between regions, which lead to mutual influence and
interdependence among regions, thus leading to mutual influence
and interdependence. The economic growth of a region no longer
only depends on its initial conditions but also closely on the
economic activities of neighboring regions (Mitchell et al., 2012).
Therefore, an analysis of the impact of agriculture–tourism
integration on AGTFP without considering spatial factors may
lead to biased results and even overestimate the impact. Whether
it is necessary to introduce spatial effect into the regression model
depends on the existence of spatial correlation of economic
variables. Whether there exist spatial effects among economic
variables can be examined by the global Moran’s I index, which
is defined as

Moran ′Iglobal �
∑n
i�1
∑m
j�1
Wij Yi − �Y( ) Yi − �Y( )

S2∑n
i�1
∑m
j�1
Wij

. (11)

In the aforementioned formula, Yi and Yj represent the observed
value of the integration level of agriculture and tourism (ATL) or
agricultural green ecological efficiency (AGTFP) in region i and j,
respectively. Wij is the spatial weight matrix. The value of Moran’s I
index belongs to [−1, 1]. When the index is greater than 0, it indicates
that Y has a positive spatial correlation. When the index is less than 0, it
has negative spatial correlation. Otherwise, there is no spatial correlation.

3.3.1.2 The Dynamic Spatial Durbin Model
Spatial models mainly include spatial lag models (SLMs) and

spatial error models (SEMs) (Anselin, 1998). If both the explained
and the explanatory variables are spatially dependent, it is the spatial
Durbin model (SDM). In view of the spatial dependence of the
explained variable AGTFP and explanatory variable ATL, the spatial
Durbin model is constructed in this study. Because AGTFP is also
affected by the previous phase state, the term lagging one stage
(AGTFPi,t-1) is included in the equation, which can effectively solve
the endogenous problem of the model. The dynamic spatial Durbin
model is constructed as follows:
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AGTFPit � α0 + τAGTFPi,t−1 + ρ∑n
j�1
WijAGTFPjt + βXit

+ θ∑n
j�1
WijXjt + μi + υt + εit. (12)

In the aforementioned formula, AGTFPit and Xit represent the
explained and the explanatory variables (including control
variables) respectively. The subscripts i and t denote the
province and year, respectively. ρ is the spatial correlation
coefficient, and Wij is the spatial weight matrix. τ, β, γ, θ, and ξ

are the parameters to be estimated, ui is the spatial effect, vt is the
time effect, and εit is the spatial error term. The spatial weight
matrix includes two types: ① The geographical distance spatial
weight matrix (W1), which is usually calculated by the reciprocal of
the square of the actual geographical distance between the two
regions:Wij � 1/d2ij(i ≠ j). dij is represented by the direct distance
between the two provincial capitals. W1 is selected as the
benchmark spatial weight matrix. ② The economic geographic
nested spatial weight matrix (W2) is calculated by the following
formula:Wij � 1/|�Yi − �Yj + 1|e−dij , (i ≠ j). �Yi and �Yj represent the
per capita GDP of the ith and jth province, respectively. dij is also
represented by the direct distance between the two provincial
capitals. W2 is used for model robustness analysis.

3.3.2 The dynamic panel threshold model
With the continuous deepening of agriculture–tourism

integration, the ecological premium of agriculture will be fully
realized, further strengthening the green production behavior of
producers and thus further improving AGTFP. The influence of
agricultural and tourism integration on AGTFP may be enhanced
with the improved integration. Therefore, the influence of
agriculture–tourism integration on AGTFP may have a non-
linear relationship, so we take ATL as the threshold variable to
test this non-linear relationship. As well as considering that
AGTFP has the characteristics of dynamic persistence, this

paper included AGTFP with one stage lag as an explanatory
variable. Due to the lack of mature methods to combine the
spatial econometric model and the threshold regression model,
the common dynamic panel threshold regression model is finally
established thus:

AGTFPit �α0 + ρAGTFPi,t−1 + β11ATLit × I ATLit ≤ θ1( ) + β12ATLit

× I θ1 <ATLit ≤ θ2( ) + · · · + β1,nATLit × I θn−1 <ATLit ≤ θn( )
+ β1,n+1ATLit × I ATLit > θn( ) +∑n

k�1
λkCit,k + μi + ξit

.

(13)

Among these, θ1, θ2, . . ., and θn are threshold values, there were
n+1 threshold intervals, β11, β12, . . ., and β1,n are regression
coefficients under different threshold intervals. I(·) is the
indicative function. t-1 means one phase lag behind, and other
indicators are defined by reference to Formula 12.

3.4 Variable selection

3.4.1 Explained variable
When the super-SBM model is used to calculate the AGTFP

considering undesirable output and expected output, the
undesirable output and the input indexes should be determined first.

(1) Input indicators. According to Guo and Liu (2021), a
measurement system of agricultural input indicators
integrating “resources, energy, environment, and economy”
must be constructed (Table 1). As for the importance of
variable indicators, the entropy weight method is adopted to
assign weights to all indicators to reflect the importance of the
indicators. Agricultural input factors include labor, land, capital,
water resources, and electrical energy, which are the necessary
conditions for agricultural development. Labor input is
measured by the number of people employed in agriculture,

TABLE 1 Measuring indicators of AGTFP.

Type of variables Evaluation of indicator Unit

Input indicators Input of labor Number of people employed in agriculture, forestry, husbandry, and fishery 10 thousand people

Input of land Crop sown area and aquaculture area 1 thousand hectares

Input of capital Total power of agricultural machinery 1 million kw

Application amount of converted agricultural chemical fertilizer 10 thousand tons

Pesticide usage 10 thousand tons

Agricultural film usage Ton

Input of energy Agricultural diesel usage 10 thousand tons

Agricultural electricity consumption Kw·h

Input of water Agricultural water consumption 100 million m3

Output indicators Desirable output Total output value of agriculture, forestry, husbandry, and fishery 100 million CNY

Undesirable output Agricultural carbon emission 10 thousand tons

Agricultural pollution composite index __
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forestry, husbandry, and fisheries at the end of the year. Land
input is measured as the sum of the crop-sown area and
aquaculture area. The selection of capital input variables
differs from the existing literature, which mainly considers
the radial and non-radial relationships between agricultural
input and output. Chemical fertilizer, machinery, pesticides,
agricultural film, and diesel oil are selected as capital inputs.
Compared with the existing literature, draft animals were not
included because the sample study period of this study was
2008–2019 after the cancellation of agricultural subsidies by the
United Nations. During this period, the agricultural
mechanization level was gradually improved, which had a
strong substituting effect on draft animals. Water resource
input is measured by total agricultural water use. Agricultural
electricity consumption represents the input of electrical energy.

(2) Output indicators. The desirable output indicator is represented
by the total output value of agriculture, forestry, husbandry, and
fisheries and is adjusted to 2008 prices. Agricultural undesirable
outputs mainly refer to various environmental pollution
emissions, including chemical oxygen demand in water, total
nitrogen and total phosphorus loss, carbon dioxide emissions in
agricultural production, and ineffective pesticide utilization and
agricultural film residues in soil. Among these, water pollution
and soil pollutant residues were calculated by unit investigation
and evaluationmethod (Chen et al., 2006). In addition, in order to
adapt to the required ratio between the input–output index and
the decision-making unit of the DEAmodel, this paper combined
the variables of water and soil pollution into the comprehensive
index of agricultural pollution by using the entropy weight
method based on Jiang and Wang, (2019). At the same time,
in order to further consider the greenhouse gas emissions caused
by various production factors in agricultural production, the
carbon emissions of four agricultural production activities that
lead to agricultural carbon emissions were calculated according to
West andMarland (2002). In this paper, the agricultural pollution
composite index and agricultural carbon emissions treated by the
entropy weight method are included in the super-SBM model as
non-expected output to measure AGTFP. All indicators for
measuring AGTFP are shown in Table 1.

3.4.2 Explanatory variable
As discussed in the literature review, the integrated development of

agriculture and tourism refers to the process of forming a distinctive
brand of agriculture and tourism based on a certain theme or regional
characteristics of agricultural resources in combination with
agricultural resource endowment. Characteristic agricultural tourism
brands such as agricultural tourism towns, key tourism villages, leisure
agriculture, and rural tourism demonstration counties formed around
agricultural geographic indication products can best reflect the
characteristics and elements of the integrated development of
agriculture and tourism. Therefore, this study used published data
that can represent the development level of the agricultural tourism
industry to replace the general indicators in the statistical yearbook,
such as tourism income and agricultural output value, so as tomake the
measured integration level of agriculture and tourism more targeted
and reasonable. Based on Yang et al. (2022), five indicators were
selected to measure the development level of characteristic agriculture
and another five tomeasure the development level of rural tourism. All
indicators are shown in Table 2.

3.4.3 Control variables
Since many other factors affect AGTFP, this paper selected several

control variables to alleviate, as much as possible, the endogeneity
problem caused by missing variables: 1) Agricultural industrial
structure (AIS), expressed as the proportion of the added value of
the plantation industry in the added value of agriculture, forestry,
animal husbandry, and fishery. Generally speaking, the higher the
proportion of the planting industry, the higher the degree of
agricultural production agglomeration—AIS is thus expected to
have a positive impact on AGTFP. 2) Income distribution (INC),
expressed as the ratio of urban per capita disposable income to rural
per capita net income. The greater the income gap between urban and
rural residents often means that a regional government does not pay
enough attention to agricultural development, or that agricultural
resource endowment is poor. Moreover, in order to increase income,
agricultural producers will choose to ignore the externalities in the
process of agricultural production. Therefore, the impact of income
distribution on AGTFP may be negative. 3) Trade dependency (TRD),
expressed as the ratio of the total amount of regional agricultural

TABLE 2 Indicators for measuring the integration level of agriculture and tourism.

Elements Indicators Attribute Data sources

Characteristic agriculture Number of geographical indications of agricultural products + Ministry of Agriculture and Rural Affairs

Number of brands in the “One Brand in One Village” Project +

Output value of characteristic agricultural products (1 billion CNY) +

Number of advantaged agricultural products with local characteristics +

Area of fruit orchards (1 thousand hectares) + China Rural Statistical Yearbook

Rural tourism Number of A-level scenic spots + Ministry of Culture and Tourism

Number of key villages and towns for rural tourism in China +

Number of demonstration counties for leisure agriculture and rural tourism +

Revenue of rural tourism and leisure agriculture (1 billion CNY) +

Number of famous towns and villages of national characteristic landscape tourism +
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imports and exports to the gross agricultural product. The agricultural
trade situation will affect the regional AGTFP by affecting the income
of agricultural producers and the agricultural production
environment; the direction of its influence is unknown. 4)
Disaster-affected degree (DIS) is expressed by the proportion of
a disaster-affected area in a total sown area of crops. Generally
speaking, the higher the degree of disaster, the greater the damage
to farmers’ income and the production environment, which is
expected to negatively affect AGTFP. 5) The educational level of
the labor force (EDU) is represented by the average years of
schooling based on the practice. By using the calculation
method of Liu and Xu (2010), the average years of schooling
for residents with primary, middle, high, secondary, and tertiary
education were set as 6, 9, 12, and 16 years, respectively. Thus,
EDU = prim × 6 + midd × 9 + high × 12 + univ × 16, where prim,
midd, high, and univ represent the proportion of residents with
education above primary, middle, high, and university in the
population aged 6 and above in the region, respectively. Generally
speaking, the higher the educational level of agricultural
producers, the more beneficial this will be to mastering
production skills and the rational use of chemical factors; thus,
EDU will theoretically have a positive effect on AGTFP. All
relevant variables and their descriptions are shown in Table 3.

3.5 Data sources and descriptive statistics

The empirical analysis is based on panel data from 30 provinces in
China from 2008 to 2019. Hong Kong, Macao, Taiwan, and Tibet
Autonomous Region are excluded due to missing data. Since the
beginning of 2020, the tourism industry has been significantly
impacted by the COVID-19 epidemic. Therefore, data from 2020 to
2022 are not considered in the study period. The data sources are
mainly drawn from China Rural Yearbooks, the China Statistical
Yearbook, and the China Tourism Statistical Yearbook. In addition,
the National Bureau of Statistics, the Ministry of Culture and Tourism,
the Ministry of Agriculture, and official provincial websites are used as
supplementary sources of data. All datameasured inmonetary units are
deflated based on constant price levels of 2008. R and GeoDa software
were used for quantitative analysis andmodel estimation. The results of
descriptive statistics for each variable are shown in Table 4.

3.6 Characteristics of AGTFP and ATL in
China

According to results of super-SBM to calculate AGTFP, the
change trend of annual mean AGTFP in 30 provinces and four

TABLE 3 Relevant variables and descriptions.

Variable Variable name Unit Calculation method Data source

Explained variable AGTFP _ Calculated by super-SBM method Shown in Table 1

Core explanatory
variable

ATL _ Calculated by coupling coordination degree model Shown in Table 2

Control variable Agriculture industrial
structure (AIT)

% Represented by proportion of the added value of plantation industry in
added value of agriculture, forestry, animal husbandry, and fishery

China Rural Statistical Yearbook

Disaster-affected
degree (DIS)

% Represented by proportion of disaster-affected area in total sown area
of crops

Income distribution (INC) % Represented by ratio of urban per capita disposable income to rural per
capita net income

China Statistical Yearbook

Trade dependency (TRD) % Represented by ratio of the total amount of regional agricultural
imports and exports to gross agricultural product

China Agricultural Yearbook and
China Agricultural Trade report

Educational level of the
labor force (EDU)

% Represented by average years of schooling China Population and Employment
Statistical Yearbook

TABLE 4 Description of variables in the specification model.

Variables Observations Mean Median Std. Dev Max Min

AGTFP 360 1.0933 1.074 0.069 1.367 0.876

ATL 360 0.656 0.651 0.078 0.783 0.454

AIT 360 0.569 0.447 0.585 0.769 0.304

INC 360 2.916 3.154 0.083 5.113 1.854

TRD 360 0.311 0.325 0.008 0.364 0.010

DIS 360 0.244 0.238 0.157 0.872 0.000

EDU 360 7.554 7.512 0.839 9.211 4.895
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regions from 2008 to 2019 is shown in Figure 2. The annual mean of
AGTFP in the whole region fluctuated roughly between 0.967 and
1.235 from 2008 to 2019, reaching its maximum in 2019. In recent
years, the central government has attached great importance to
environmental protection and targeted agricultural pollution.
Governments at all levels have thus formulated a series of control
measures to effectively promote agricultural clean production
technology. Overall, China’s AGTFP showed an upward trend
from 2008 to 2019, with an average annual growth rate of 2.26%.
For four different regions, AGTFP is greater than 1 in most years.
The average annual growth rates of AGTFP in the eastern, central,
western, and northeastern regions during the study period were

2.06%, 2.31%, 2.53%, and 2.10%, respectively. The growth rate of
AGTFP in the western region is higher than in other regions, which
may be due to the long-term undeveloped level of agricultural
production there. In recent years, with the introduction of
advanced green production technology, AGTFP in this region
has rapidly grown.

Meanwhile, ATL was measured with panel data based on the
coupling coordination degree model. Results show that the mean
value of ATL in eastern China is the highest, while the mean value of
ATL in western and northeastern China is relatively lower among
the four regions (Table 5). From Table 5, we can see that the average
of ATL in the eastern region is the highest among all regions over the

FIGURE 2
Development trend of AGTFP in China from 2008 to 2019.

TABLE 5 Change trends of annual average of ATL in different regions.

Year Whole region Eastern region Central region Western region Northeast region

2008 0.572 0.609 0.563 0.564 0.541

2009 0.593 0.612 0.586 0.579 0.563

2010 0.611 0.631 0.597 0.611 0.592

2011 0.631 0.655 0.629 0.627 0.602

2012 0.648 0.670 0.632 0.631 0.611

2013 0.655 0.684 0.634 0.642 0.621

2014 0.661 0.687 0.655 0.651 0.633

2015 0.674 0.691 0.671 0.666 0.647

2016 0.693 0.703 0.678 0.671 0.658

2017 0.699 0.715 0.681 0.676 0.665

2018 0.714 0.732 0.708 0.683 0.678

2019 0.722 0.743 0.721 0.699 0.688

Mean value 0.656 0.678 0.646 0.642 0.625

Frontiers in Environmental Science frontiersin.org10

Wang et al. 10.3389/fenvs.2023.1164781

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1164781


study period. The annual average of ATL of the whole research
region continuously improved over time, with average annual
growth rates of 2.14%. The average annual growth rates of ATL
in eastern, central, western, and northeastern regions during the
study period were 1.83%, 2.29%, 1.97%, and 2.22%, respectively. The
growth rate of ATL in the central region is higher than in other
regions. The integration of agriculture and tourism is an important
form of rural industry integration that can promote rural economic
growth and rural revitalization. Thus, it is also strongly supported by
the government. With the strong support of an integrated
development policy, the integration level of agriculture and
tourism in different regions showed an obvious growth trend.

4 Results and discussion

4.1 Results of spatial Durbin model and
analysis

4.1.1 Global spatial autocorrelation analysis
From Table 6, it can be seen that the global Moran’ I values of

ATL and AGTFP over the years are positive, and all pass the
significance test, indicating that ATL and AGTFP have significant
spatial correlation. From the perspective of time, the mean values
of the global Moran’ I values of ATL and AGTFP basically
increased year by year. It can be concluded that the spatial
agglomeration trend of the integrated development of
agriculture and tourism and the green development of
agriculture are constantly strengthening.

4.1.2 Identification of spatial models
First, the multi-collinearity and stationarity of variables were

tested. Variance inflation factor (VIF) results show that the
maximum value of variable VIF is less than 6, with no multi-
collinearity. According to Im et al. (2003), LLC, Fisher-ADF, and
PP-Fisher are used to test the stationarity of the time series, with the
results showing that the null hypothesis was rejected at the
significance level of 5%, and that the original series is stationary.

Second, the optimal form of the spatial panel model is identified.
The aforementioned spatial auto-correlation test shows that both
AGTFP and ATL have strong spatial correlation characteristics, so

spatial factors should be considered when studying the relationship
between them. We then followed the “two-step method” proposed
by Elhorst (2003) to determine the appropriate spatial econometric
model. The first step was to judge whether the non-spatial panel
model is applicable. LM test results show that the SEM and SAR
models are applicable because the test statistics of LM-lag, robust
LM-lag, LM-error, and robust LM-error all passed the significance
test, indicating that the null hypothesis that SPM or SEM do not
exist can be rejected. In the second step, Wald and LR statistics were
combined to determine which spatial econometric model to use. The
results show that bothWald and LR statistics passed the significance
test, indicating that SDM cannot be simplified into SLM and that it is
more reasonable to use SDM to fit sample data. The aforementioned
test results of the panel econometric model based on the
geographical distance spatial weight matrix (W1) are shown in
Table 7. The Hausman test rejects the null hypothesis at the 1%
level; in order to avoid the influence of unobserved time changes on
the estimation results, the spatio-temporal dual-fixed SDM was
finally selected for empirical analysis.

4.1.3 Results of spatial models
Based on different spatial matrices, the regression results for the

static and dynamic spatial Durbin models are shown in Table 8. In
all four models, ATL has a significantly positive effect on AGTFP,
indicating that the estimation model is robust and reliable. In terms
of the fitting degree R2 of the model, the fitting degree of the dynamic
spatial Durbin model is higher than that of the static spatial Durbin
model, indicating that the dynamic spatial Durbin model is more
ideal. This is mainly because the static spatial Durbin model does not
consider the dynamic effect of AGTFP in the process of regression,

TABLE 6 Global Moran’s I values of ATL and AGTFP 2008–2019.

Global Moran’s I values of ATL Global Moran’s I values of AGTFP

Year Moran’s I p-value Year Moran’s I p-value Year Moran’s I p-value Year Moran’s I p-value

2008 0.233** 0.041 2014 0.269** 0.022 2008 0.321* 0.078 2014 0.383* 0.075

2009 0.234*** 0.002 2015 0.273** 0.034 2009 0.334* 0.019 2015 0.401* 0.083

2010 0.247* 0.085 2016 0.271*** 0.008 2010 0.331* 0.096 2016 0.415* 0.064

2011 0.248* 0.097 2017 0.269*** 0.003 2011 0.345** 0.045 2017 0.411** 0.019

2012 0.253** 0.039 2018 0.284*** 0.004 2012 0.363** 0.021 2018 0.422*** 0.004

2013 0.258*** 0.002 2019 0.289*** 0.008 2013 0.371** 0.044 2019 0.434*** 0.001

Note: *, **, and *** respectively denote significance at confidence levels of 10%, 5%, and 1%, respectively.

TABLE 7 Test results of spatial models.

Test methods Statistics Test methods Statistics

LM-lag test 45.543*** Wald-spatial lag test 198.654***

Robust LM-lag test 43.655*** LR-spatial lag test 89.087***

LM-error test 148.553*** Wald-spatial error test 65.437***

Robust LM-error test 68.643*** LR-spatial error test 79.086***

Note: *** denote significance at confidence level of 1%.

Frontiers in Environmental Science frontiersin.org11

Wang et al. 10.3389/fenvs.2023.1164781

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1164781


which will also lead to estimation errors. In the regression results of
the dynamic spatial panel model, the coefficients of AGTFPi,t-1 are
positive and pass the significance test of 1%, which fully indicates
that AGTFP has a significantly dynamic effect. Agricultural
production is a continuous and dynamic economic system, and
input and accumulation in its early stage will inevitably be reflected
in economic development, technical level, human capital quality,
and other factors, which will directly affect the agricultural
production activities of this and the following periods.

The dynamic spatial Durbin model based on the geographic
distance matrix has the highest degree of fitting, so we mainly
analyze the regression results of Model 3 in Table 8. The coefficient
of ATL is 0.254 (significant at the confidence level 1%), indicating
that agriculture–tourism integration has a positive impact on
AGTFP. The integrated development of agriculture and tourism
always adheres to the “agriculture-oriented” principle and the
ecological development concept, taking agriculture and rural
areas as the basic support. The process of integration promotes
the intensification, clean production, and management of
agriculture, ultimately promoting AGTFP. The coefficient of ATL
is significantly lower than that of the static space Durbin model,
indicating that this model overestimates the positive effect of ATL
on AGTFP. The coefficient of the spatial lag term of ATL (W*ATL)
is significantly positive at the 5% confidence level, indicating that
there is an interprovincial interaction of ATL and that local ATL will
affect the AGTFP of neighboring provinces. It is thus established
that ATL has spatial spillover effect on AGTFP.

As far as control variables are concerned, the agricultural
industrial structure has a significantly positive effect on AGTFP
according to Table 8. At the same time, agricultural production has
ecological and economic benefits. Increasing the proportion of the
planting industry not only improves the agricultural ecological
environment but also effectively increases agricultural output

value, thus improving AGTFP. Income distribution has a
significantly negative impact on AGTFP. The greater the income
gap between urban and rural residents, the more obvious the priority
of industrial and service development is, while agricultural
development lags behind. Moreover, the widening income
distribution gap will also prompt agricultural producers to focus
on increasing income, leading to the excessive use of chemical
elements and the increase of pollution emissions. Trade
dependence has a significantly positive impact on AGTFP. The
higher the trade dependence, the higher the degree of the
region’s participation in international economic cooperation will
be, which not only helps agricultural producers absorb and apply
international advanced production technology—increasing the
competitive advantage of agricultural products and agricultural
producers’ profits—but also reduces pollution emissions. Disaster-
affected degree has a significantly negative impact on AGTFP. The
expansion of the disaster area will not only cause the loss of
agricultural output and farmers’ income but also damage the
agricultural production environment. The educational level of the
labor force has a significantly positive impact on AGTFP. The
improvement of average education levels not only strengthens the
environmental awareness of agricultural producers and improves
their production skills but also promotes the optimization of the
input factor utilization efficiency of producers, thus improving
AGTFP.

Due to the spatial spillover effect, the coefficient of ATL can no
longer be interpreted as the marginal effect on AGTFP alone.
Therefore, the estimated results need to be decomposed to better
reveal the direct (local) and indirect (spatial spillover) effects of ATL
on AGTFP. The decomposition results of spatial effects are shown in
Table 9. The direct (local) effect of ATL on AGTFP is 0.182
(significant at the 5% confidence level), which indicates that the
growth of ATL in a region can cause its AGTFP to increase by

TABLE 8 Estimation results of spatial Durbin model.

Variable Static spatial Durbin model Dynamic spatial Durbin model

Model 1 (W1) Model 2 (W2) Model 3 (W1) Model 4 (W2)

AGTFPi,t-1 0.298***(3.379) 0.243***(3.670)

ATLit 0.358**(3.909) 0.311***(3.487) 0.254***(4.652) 0.223***(4.094)

AISit 0.203**(3.113) 0.132***(4.191) 0.132***(4.926) 0.287**(3.151)

INCit −0.144* (-1.969) −0.075** (−3.103) −0.123* (-2.158) −0.111** (-3.125)

TRDit 0.304*** (3.743) 0.273*** (4.211) 0.219** (2.765) 0.186*** (4.176)

DISit −0.212* (−2.180) −0.152* (−2.041) −0.231** (−3.045) −0.234** (−3.240)

EDUit 0.114* (2.496) 0.185** (2.989) 0.201* (2.393) 0.132** (2.599)

W*ATLit 0.171** (3.197) 0.181* (2.153) 0.234** (3.195) 0.179** (3.135)

Adj R2 0.811 0.786 0.821 0.781

ρ 0.411*** (3.841) 0.306*** (4.635) 0.225*** (4.819) 0.243*** (5.032)

Log L 142.321 109.043 156.453 142.542

Note: *, **, and *** respectively denote significance at confidence levels of 10%, 5%, and 1%with T values shown in brackets. This table does not report the spatial interaction coefficient of control

variables in the SDM mode.
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0.182%. The indirect (spillover) effect of ATL on AGTFP is 0.130
(significant at the 10% confidence level), indicating that a 1%
increase of ATL in a region can contribute to a 1.30% increase of
AGTFP in its neighboring regions. With the further development
and improvement of agro-tourism infrastructure, regions that
are the first to overcome the difficulties due to the
implementation of a differentiated management mode will be
favored by consumers, attracting more consumers from their
own and neighboring regions in the short term (Zhang and Gu,
2013). On the other hand, under the pressure of competition,
neighboring regions will also make use of local tourism resources
to create unique business models. Therefore, the integrated
development of agriculture and tourism in a region not only
directly drives the development of agro-tourism in a region but
also drives neighboring regions to catch up and innovate. The
integrated development of agriculture and tourism leads to the
upgrading of agricultural infrastructure and the transformation
of economic development in a region, thus leading to changes in
labor distribution, agricultural industry layout, capital element
flow, and modes of land transfer in neighboring areas, and
improving the quality of ecological environment protection
and agricultural development in neighboring areas, which is
beneficial for the improvement of their AGTFP. It should be
noted that, although indirect effects pass the significance test,

their significance level is 5%, which is lower than the 1%
significance of direct effects. The possible reason for this is
that the fierce homogeneous competition in China’s agro-
tourism market is relatively serious, coupled with the
interference of consumers’ aesthetic fatigue, difficulty in
choosing, and psychological gap, so that the spatial spillover
effect of ago-tourism integration is limited.

4.1.4 Results of regional heterogeneity analysis
In view of the great differences in tourism and agricultural

development among different regions in China, this study divided
the whole research region into east, middle, west, and northeast for
empirical testing. The model estimation adopted the dual-ways
fixed SDMmodel based on the geographical distance spatial weight
matrix, with results in Table 10. As can be seen from the analysis
results, the estimation results of the four regions are basically
consistent with the whole region’s samples: the direct (local) effect
and the spatial spillover effect are both significant. This shows that
the aforementioned research results are relatively robust. The
coefficients of AGTFPi,t-1 all passed the significance test,
indicating that all regional AGTFP was affected by the
efficiency of the previous stage. All the four regional spatial
autocorrelation coefficients ρ are greater than 0 and pass the
significance test, which indicates the existence of the spatial

TABLE 9 Decomposition results of spatial effects.

Variable ATLit AISit INCit TRDit DISit EDUit

Direct effect 0.182** (3.043) 0.116*** (3.316) −0.101** (−2.639) 0.194** (3.242) −0.299** (−2.916) 0.172** (2.684)

Indirect effect 0.130* (2.143) 0.105*** (4.027) −0.026** (−2.734) 0.095* (2.293) −0.040 (−0.021) 0.071* (2.459)

Total effect 0.312* (2.283) 0.221*** (3.982) −0.137* (−1.999) 0.289* (2.235) −0.339** (−3.164) 0.243** (2.961)

Note: *, **, and *** respectively denote significance at confidence levels of 10%, 5%, and 1% with T values shown in brackets.

TABLE 10 Estimated results of different regions.

Variable Eastern region Central region Western region Northeast region

AGTFPi,t-1 0.385*** (4.279) 0.376*** (3.770) 0.343*** (4.379) 0.365*** (4.760)

ATLit 0.276** (2.578) 0.314** (3.213) 0.191** (3.174) 0.166** (2.665)

AITit 0.155* (2.113) 0.145* (1.995) 0.129* (2.411) 0.137* (1.997)

INCit −0.114* (−1.985) −0.154* (−2.011) −0.143* (−2.341) −0.151* (−2.168)

TRDit 0.281** (3.241) 0.276** (3.186) 0.164 (1.663) 0.149* (2.086)

DISit −0.232* (−2.132) −0.265** (−3.211) −0.309** (−3.042) −0.215** (−3.121)

EDUit 0.302* (2.215) 0.265** (3.164) 0.209 (1.223) 0.246** (3.214)

W*ATLit 0.272* (2.332) 0.155** (2.575) 0.149** (2.791) 0.093 (1.175)

Adj R2 0.8911 0.8432 0.8224 0.7857

ρ 0.214** (2.841) 0.243** (2.601) 0.197** (2.645) 0.146** (2.635)

Log L 115.632 143.721 119.654 74.054

Note: *, **, and *** respectively denote significance at confidence levels of 10%, 5%, and 1% with T values shown in brackets.
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spillover effect of AGTFP. In addition, the coefficients of W*ATLit
in the eastern, central, and western regions are significantly
positive, indicating that the ATL of a local region can have a
positive spatial spillover effect on the AGTFP of its neighboring
regions, although this effect is not significant in the northeast
region.

At the same time, the direct (local) effect and spatial spillover
effect of ATL on AGTFP are considered the difference of the
spillover effect in different regions. The results of spatial effect
decomposition are shown in Table 11. In terms of direct (local)
effect, the central region has the strongest direct (local) effect
(coefficient = 0.312, significant at 5% confidence level). The
spillover effect of ATL on improving AGTFP in eastern region
(the = 0.131, significant at 5% confidence level) is greater than those
of other regions. Comparatively speaking, the eastern region has a
good economic foundation and infrastructure, so tourism,
information, and factor flows can operate conveniently and
efficiently. Therefore, the spillover effect in the eastern region is
more prominent.

4.2 Results of dynamic threshold regression
model and analysis

First, the threshold value and number of threshold variables
should be determined. The threshold value of ATL obtained by 300-
times self-sampling using the Bootstrap method is shown in
Table 12. The results show that the F statistic of a single
threshold of ATL passes the test at a 5% significance level, with a
threshold value of 0.603. Because neither double nor triple
thresholds pass the significance test, a single threshold panel
threshold regression model for empirical testing was thus
established.

Biased results will be obtained if the OLS method used to
estimate the threshold regression model contains lagged items of
explained variables. Therefore, the system generalized method of
moments (GMM) method is used here for estimation, with
regression results shown in Table 13. When ATL (of the whole
research region) is lower than the threshold value of 0.603, its
regression coefficient is 0.207 (significant at 5% confidence level),
which passes the test at 5% significance level. When ATL exceeds
0.603, the regression coefficient is 0.394 (significant at 5%
confidence level). This indicates that, with increased
agricultural–tourism integration, its effect on AGTFP is generally
enhanced.

At the same time, the dynamic panel threshold effects were
estimated for four different regions, and the number of threshold
values and variables in different regions were determined. It was
found that there was just one threshold value in each of the four
regions (Table 13). As shown in Table 13, the eastern region has the
lowest threshold value (ATL = 0.573) of the four regions. When ATL
is less than the threshold value, its regression coefficient is 0.221
(significant at 1% confidence level), and, when ATL crosses the
threshold value, its coefficient increases to 0.416 (significant at 1%
confidence level). The eastern region has convenient transportation,
suitable climate, and a higher urbanization and economic level, so its
residents have a higher demand for agro-tourism. With improved
integration of agriculture and tourism, the agricultural ecological
value is further highlighted, which also enhances of the ecological
consciousness of agricultural producers. They will therefore take the
initiative to adopt green production methods and strengthen
agricultural ecological and environmental behavior to enhance
AGTFP. The western region has the highest threshold value
(ATL = 0.621). When ATL is less than the threshold value, its
influence coefficient is not significant, but when it crosses the
threshold value, its coefficient increases to 0.289 (significant at

TABLE 11 Decomposition results of spatial effect in different regions.

Variable Eastern region Central region Western region Northeast region

Direct effect 0.251** (3.195) 0.312** (2.947) 0.137** (3.191) 0.123** (3.131)

Indirect effect 0.131** (2.931) 0.099** (3.125) 0.076** (2.626) 0.045 (1.005)

Total effect 0.382** (2.814) 0.411** (3.163) 0.203** (2.853) 0.168** (1.982)

Note: ** denotes significance at confidence level of 5%.

TABLE 12 Threshold effect test.

Threshold variable Model test Threshold estimate F statistic p-value Critical values

1% 5% 10%

ATL Single threshold 0.603 28.117*** 0.001 26.097 15.654 9.813

Double threshold Threshold 1:0.603 0.098 0.298 13.911 7.987 4.874

Threshold 2:0.702

Triple threshold 0.581 2.432 0.198 8.987 6.686 4.116

Note: *** denotes significance at confidence levels of 1%.
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5% confidence level). This indicates that, when the level of
agricultural–tourism integration in western China is relatively
low, it cannot significantly promote the growth of AGTFP; only
when ATL climbs to a higher level is its impact on improving
AFTGP significant. This is mainly because most western provinces
are economically underdeveloped, so it is difficult to promote
advanced agricultural technology, and the market space of
agricultural tourism is relatively limited. In addition, natural
resources and climate conditions in this region are poor, so it is
more difficult to promote agriculture–tourism integration.
Therefore, ATL has no significant influence on AGTFP in the
early stage of integration. When ATL exceeds the threshold of
0.621, agro-ecological capital can create more value for
agricultural producers, leading them to pay more attention to
agricultural green development. They will then consciously
reduce the input of harmful environmental elements in the
production process, ultimately improving AGTFP and enhancing
the effect of ATL on AGTFP.

5 Conclusion and policy
recommendation

5.1 Conclusion

Based on the panel data of 30 provinces in China from 2008 to
2019, this study used the dynamic spatial Durbin model and
threshold model to verify whether the integration of agriculture
and tourism can promote AGTFP. The conclusions of this
study are

(1) During the study period, AGTFP in the whole study area
showed an upward trend, though there were fluctuations,
and the average annual growth rate was 2.26%. The average
annual growth rates of AGTFP in the eastern, central,
western, and northeastern regions during the study
period were 2.06%, 2.31%, 2.53%, and 2.10%, respectively.
In recent years, the central government has attached great

importance to environmental protection, aimed at
agricultural pollution, which has greatly contributed to
the growth of AGTFP.

(2) The impact of agriculture–tourism integration on AGTFP has a
spatial spillover effect. The improvement of this integration in
adjacent areas is conducive to increased AGTFP in the local
region. For the whole research region, the direct (local) effect of
ATL on AGTFP is 0.181, indicating that the growth of ATL in a
region can lead a region’s AGTFP to increase by 0.181%. The
spillover effect of ATL on AGTFP is 0.130, indicating that a 1%
increase of a region’s ATL contributes to a 1.30% increase of
AGTFP in its neighboring region. As for different regions, the
central region has the strongest direct (local) effect, while the
spillover effect of ATL on AGTFP in the eastern region is the
greatest of the four regions.

(3) There is a threshold effect of agriculture–tourism integration
on AGTFP, and there is a single threshold in the whole area
and four different subdivisions. When the ATL of the whole
research region is lower than the threshold value of 0.603, the
regression coefficient of ATL is 0.207; however, when ATL
exceeds 0.603, the regression coefficient increases to 0.394.
This indicates that, with the increase in ATL, its effect on
AGTFP is enhanced. Among the four regions, the eastern
region has the lowest threshold value (ATL = 0.573), while the
threshold value of ATL in the western region is the highest
(ATL = 0.621). When the ATL of the western region is below
the threshold value, its effect on AGTFP does not pass the
significance test; only when it exceeds the threshold value
does it have a significantly positive effect on AGTFP.
Therefore, improving ATL is important for promoting
AGTFP.

5.2 Policy recommendation

The conclusions of this study provide the following
recommendations for promoting agriculture–tourism integration
and giving full play to its role in improving AGTFP:

TABLE 13 Threshold effect estimation results.

Region Explanatory variable Threshold estimate Coefficient T value Standard error

Whole region ATL ATL≤0.603 0.207** 3.035 0.001

ATL>0.603 0.394** 2.986 0.025

Eastern region ATL ATL≤0.573 0.221*** 5.098 0.007

ATL>0.573 0.416*** 3.805 0.087

Central region ATL ATL≤0.581 0.298*** 4.981 0.002

ATL>0.581 0.411*** 3.912 0.011

Western region ATL ATL≤0.621 0.177 1.093 0.132

ATL>0.621 0.289** 2.775 0.014

Northeast region ATL ATL≤0.594 0.172* 2.313 0.072

ATL>0.594 0.207** 3.211 0.032

Note: *, **, and *** denote significance at confidence levels of 10%, 5%, and 1%, respectively.
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(1) Top-level design of policies and institutions should be
optimized and improved. Incorporating the integrated
development of agriculture and tourism into the framework
of agricultural green development should be taken into
consideration. All regions should fully combine the
characteristics of resource endowment and systematically
plan and jointly develop agricultural and tourism resources
and elements. It is very important to promote the effective
integration of the industrial and value chains of agriculture and
tourism and to promote the deeply integrated development of
the two industries. It is also necessary to build an integrated
agglomeration area of agriculture and tourism to achieve
industrial agglomeration.

(2) Considering the positive spatial spillover effect of the
integration of agriculture and tourism, the timely
promotion of regional coordination mechanisms by
exploring a reasonable development model for dividing
economic zones and administrative regions is necessary.
Practical regional cooperation should be strengthened by
signing strategic cooperation agreements and promoting
effective cooperation between administrative regions in
many ways, such as platform construction, industrial
integration, public services, and personnel exchanges.
Difficulties such as the consolidation of interests,
homogenization of competition, lagging administrative
control, and lagging institutions in trans-regional
governance should be resolved effectively.

(3) We should find ways to innovate the development of
agriculture–tourism integration, thus promoting the
upgrading of the agro-tourism association. Promoting the
knowledge, management, and technology of
agriculture–tourism integration spills over into relevant
agricultural operating subjects. We can thus optimize the
allocation of agricultural labor, land, capital, technology,
management, and other production factors to improve the
overall agricultural technological progress and efficiency, thus
also improving AGTFP.

(4) Rural human capital cultivation should be strengthened.
Promoting the integrated development of agriculture and
tourism requires the support of high-quality skills.
Developing agro-tourism requires flexible measures and
recruiting talent, basic skilled personnel, middle or senior
management, and operations personnel. At the same time,
rural vocational and technical education should be
strengthened, agricultural technology should be
promoted, and the vocational skills of local laborers
should be improved to enhance the level of rural human
capital, which will better help agricultural–tourism
integration promote AGTFP.

Although this study has determined the spatial and non-
linear effects of agriculture and tourism integration on AGTFP, it
has some limitations. First, we only conducted a theoretical
analysis of the influence mechanism of the integration of
agriculture and tourism on AGTFP, which should be further
empirically tested. Second, the study period in this paper ends in
2019. Considering the huge impact of COVID-19 on tourism

since 2020, official statistical data from 2020 and later were not
included in the research observation period of this paper. In the
future, statistical data should be continuously tracked and
updated, especially focusing on the integrated development
and evolution of agriculture and tourism after the start of the
14th Five-Year Plan of China. Third, due to data limitations, we
conducted the empirical research at the provincial level; in future,
more micro-analysis will be carried out by selecting typical cases,
such as national demonstration counties of leisure agriculture
and rural tourism or key villages of rural tourism, so as to improve
the accuracy of the research conclusions.
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