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The impact of information
Infrastructure on agricultural
industrial structure upgrading—a
quasi-natural experiment based
on the “broadband China”

strategy

Huichun Huang, Cheng Qian and Yajing Wang*

School of Finance, Nanjing Agricultural University, Nanjing, China

Introduction: The development of information infrastructure constitutes an
important driver for promoting high-quality agricultural development.

Methods: Using panel data of 223 prefecture-level cities in China from 2010 to
2022, this paper employs the “Broadband China” pilot policy as a quasi-natural
experiment and constructs a staggered DID model to examine the impact of
information infrastructure on agricultural industrial structure upgrading.

Results and discussion: The results indicate that information infrastructure
significantly facilitates the upgrading of the agricultural industrial structure, and
the findings remain robust across a series of robustness checks. Heterogeneity
analysis reveals that the positive effects are more pronounced in regions with
better traditional infrastructure, higher population density, central and eastern
locations, and major grain-producing and marketing balance areas. Mechanism
analysis suggests that information infrastructure alleviates the scarcity and
mobility constraints of agricultural production factors, thereby promoting
structural upgrading. Based on these findings, this study recommends continued
investment in information infrastructure, acceleration of agricultural innovation,
and enhancement of talent cultivation to advance agricultural industrial
upgrading and build an agricultural powerhouse.

KEYWORDS

information infrastructure, agricultural industrial structure upgrading, factor mobility
constraint, broadband China strategy, quasi-natural experiment

1 Introduction

With global agricultural systems undergoing profound structural transformations,
accelerating the upgrading of the agricultural industrial structure has become a pressing policy
objective in many countries. In China, this objective is central to the pursuit of high-quality
agricultural development, particularly in response to persistent structural inefficiencies in the
rural economy. Since 2017, the policy focus has shifted from expanding aggregate agricultural
output to addressing structural imbalances, prompting a series of supply-side reforms designed
to enhance factor allocation efficiency, productivity, and value chain integration. Nevertheless,
the adjustment of China’s agricultural industrial structure still faces numerous challenges,
including resource scarcity and environmental pressures, low utilization rates of agricultural
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facilities, and imperfect market circulation mechanisms. In 2022,
Chinas Central Committee emphasized building an agricultural
powerhouse driven by technological innovation, underscoring that
both agricultural structural upgrading and high-quality development
hinge on advances in agricultural science and technology. In 2025,
four central ministries jointly issued the Digital Rural Development
Guidelines, which reemphasized the importance of consolidating the
foundational infrastructure for digital rural development. These
policies underscore the strategic importance of information
infrastructure in agricultural structural transformation and provide a
roadmap for building a modern agricultural system and advancing
digital transformation across the entire value chain. Therefore, given
the dual challenges of sustainable and high-quality development goals
and a rural labor shortage, accelerating the construction of
information infrastructure to drive agricultural structural upgrading
has significant practical importance for China’s efforts to build an
agricultural powerhouse and achieve socialist modernization.

With the advancement of the ongoing technological revolution
and industrial transformation, information infrastructure has
emerged as a strategic foundation for advancing agricultural
modernization and sustainable development globally. It plays a pivotal
role in driving agricultural structural upgrading. Over the past two
decades, many countries have significantly increased investment in
digital infrastructure, accelerating the development of digital and
modern agricultural information systems, driven by advances in
information resource construction and agricultural data technologies.
For example, the European Union has integrated digital technologies
such as agricultural IoT, satellite remote sensing, and big data into its
Common Agricultural Policy (CAP). The United States launched the
Rural Digital Opportunity Fund (RDOF) to expand fiber-optic
broadband coverage and improve digital access in rural areas.
Australia has accelerated the development of precision agriculture
through targeted investments in digital infrastructure. Despite
differences in institutional settings and resource endowments, a broad
consensus has emerged that information infrastructure is fundamental
to agricultural structural transformation and the construction of
modern agricultural systems.

Nonetheless, substantial disparities remain in the global
development of digital agriculture. According to the Global Digital
Economy Landscape (2020) report by the China Academy of
Information and Communications Technology (CAICT), the average
share of the agricultural digital economy in agricultural value added
across 47 countries was 7.5% in 2019, with developed countries
averaging 13.3% and developing countries only 5.9%. The
United Kingdom, Germany, and the United States led globally, each
exceeding 20%, while China accounted for only 8.2%. Data from 2022
indicate that the penetration rate of Chinas agricultural digital
economy reached approximately 10.5%. However, a substantial gap
still remains compared to developed countries. This underscores the
need for China to further accelerate the development of information
infrastructure to more effectively support agricultural
structural upgrading.

Existing research demonstrates that the optimal allocation of
production factors and technological innovation serves as a critical
pathway for promoting industrial structure upgrading (Shen and Ren,
2023; Zhang, 2023; Hu et al., 2022). Traditional infrastructure plays an
important role by facilitating labor mobility and knowledge spillovers
(Zhou, 2024). Building on this foundation, information infrastructure
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adds two unique advantages: it enhances factor mobility through
network externalities and spillover effects (Hulten et al., 2006), and
fosters the emergence of new industries and business models via
intangible digital innovations (Salahuddin and Gow, 2016; Burtch
et al., 2018; Niu et al., 2022). At the same time, the effectiveness of
information infrastructure policies has attracted increasing scholarly
(2022)
infrastructure enhances transparency along agricultural supply chains

attention. Donaldson demonstrates that information
and promotes vertical integration within value chains. In contrast,
Barbier (2023) highlights that the effectiveness of information
infrastructure in Asian countries is constrained by farmers’ digital
literacy. Similarly, Gizachew et al. (2024), based on survey data from
Ethiopia, find that although smallholder farmers generally recognize
the value of digital tools, adoption remains limited due to
knowledge

dissemination. This indicates that the effectiveness of information

infrastructural ~ shortcomings and inadequate
infrastructure is not universal, but rather depends on institutional,
technological, and stakeholder capacities. Therefore, a systematic
evaluation of the impact of information infrastructure on agricultural
development is of significant importance.

Whether information infrastructure can serve as an essential
enabler of agricultural industrial upgrading in China remains an open
question. This issue poses challenges at both theoretical and practical
levels. On the theoretical front, studies have primarily examined the
effects of information infrastructure on non-agricultural industrial
upgrading, while its role in the agricultural sector remains
underexplored. In addition, due to the unique characteristics of
agriculture and rural areas, scarce production factors such as capital,
labor, and technology face severe supply constraints and limited
mobility (Li et al.,, 2023; Ma et al., 2022). The mechanisms through
which information infrastructure alleviates production bottlenecks
and promotes agricultural industrial structure upgrading remain
unclear. On the practical front, as the material carrier of modern
information technology and the driving force behind agricultural
digital transformation, the importance of information infrastructure
is self-evident. With the implementation of policies such as Broadband
China and Broadband to the Countryside, rural network coverage has
gradually improved, reaching a 66.5% internet penetration rate in
2023. However, the effectiveness of information infrastructure varies
significantly across regions with different resource endowments (Bi
and Yang, 2023; Zhou and Deng, 2023). Accordingly, further
theoretical and empirical investigations are needed to elucidate the
effects and mechanisms of information infrastructure on agricultural
industrial structure upgrading.

The main contributions of this paper are as follows.

First, it extends the research frontier on the economic effects of
information infrastructure. While prior studies have primarily focused
on its role in promoting structural upgrading in industrial and service
sectors, relatively little attention has been paid to its impact on
agricultural and rural development. By leveraging the unique
characteristics of China’s agricultural sector, this study contributes to
a deeper global understanding of how digital infrastructure can
support agricultural structural transformation, particularly in
resource-constrained developing economies.

Second, it develops a dual-dimensional analytical framework
centered on factor scarcity and mobility constraints. Departing from
traditional approaches that typically examine individual factors in
isolation, this paper highlights how information infrastructure
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alleviates both the scarcity and the immobility of agricultural
production factors, thereby advancing structural transformation. This
framework offers a novel theoretical perspective for understanding
how digital technologies can catalyze agricultural modernization.

Third, it uncovers the heterogeneity and synergistic mechanisms
underlying policy impacts. In addition to demonstrating the
amplification effects of information infrastructure relative to
traditional infrastructure investments, the study identifies the
moderating roles of population density and regional resource
endowments. These findings provide scientific evidence for designing
differentiated policy interventions and contribute new empirical
insights to the global discourse on agricultural digitalization.

Compared with non-agricultural sectors, the upgrading of the
agricultural industrial structure faces more severe dual constraints
related to resource scale and mobility. The growth model relying solely
on factor inputs has become unsustainable, and information
infrastructure offers a new perspective for promoting agricultural
industrial structure upgrading. Against this backdrop, this study aims
to analyze the impact and mechanisms of information infrastructure
on agricultural industrial structure upgrading from the dual
perspectives of resource scale and mobility constraints. Using panel
data from 233 prefecture-level cities in China spanning 2010 to 2022,
and leveraging the Broadband China initiative as a quasi-natural
experiment, this study conducts empirical tests to examine these
effects. This study not only expands the theoretical and practical
pathways for optimizing the agricultural industrial structure in China,
but also provides a conceptual foundation and policy implications for
promoting information infrastructure and advancing high-quality
agricultural and rural development. Moreover, it offers an instructive
case and analytical framework for other developing countries with
weak agricultural foundations, thereby enriching the global research
perspective on agricultural digital transformation.

2 Theoretical analysis and research
hypotheses

2.1 The conceptual framework of
agricultural industrial structure upgrading

The agricultural industrial structure refers to the integration and
interrelationship among five subsectors: agriculture, forestry, animal
husbandry, fisheries, and agricultural services (Yu et al., 2023; Lin and
Li, 2023). Agricultural industrial structure upgrading fundamentally
relies on cross-sectoral resource reallocation, aiming to coordinate
sectoral proportions and facilitate the evolution from lower to higher
stages of development.

This study examines agricultural industrial structure upgrading
from both external manifestations and intrinsic essence. Externally,
upgrading is characterized by the optimization of the sectoral
composition among agriculture, forestry, animal husbandry;, fisheries,
and agricultural services. It involves a gradual reduction in the share
of crop farming and a corresponding rise in the shares of forestry,
animal husbandry, fisheries, and agricultural services, indicating a
shift toward a more advanced industrial structure. Internally,
agricultural industrial structure upgrading reflects the progressive
reallocation of agricultural resources from crop farming to other
subsectors. However, the limited availability and low mobility of
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agricultural resources hinder efficient allocation, posing a major
barrier to upgrading the agricultural industrial structure.

2.2 The impact of information
infrastructure on agricultural industrial
structure upgrading

Technological advancements and the development of new
products and services are pivotal drivers of economic growth and
industrial structure upgrading. Information infrastructure facilitates
agricultural industrial structure upgrading by enhancing the supply
of agricultural resources and accelerating factor mobility. Its impact
can be observed across four dimensions. First, infrastructure
construction entails substantial capital investment, particularly in
rural information networks, transmission systems, and service
platforms, which provides a material basis for capital-intensive
agricultural transformation. Second, information infrastructure builds
information highways that reduce spatial and informational barriers,
improving labor and capital flows within and beyond agriculture
(Aker et al., 20165 Li et al.,, 2020). Third, by enabling upstream and
downstream integration along agricultural value chains, information
infrastructure fosters cross-sectoral linkages and gives rise to new
rural industries such as agritourism and e-commerce, thereby creating
favorable conditions for agricultural structural upgrading (Wang et al.,
2024c). Based on the above discussion, we propose the
following hypothesis:

Hypothesis I: Information infrastructure facilitates the upgrading
of the agricultural industrial structure.

2.3 The mechanisms of information
infrastructure in agricultural industrial
structure upgrading

This study develops an analytical framework to systematically
examine how information infrastructure promotes agricultural
structural upgrading under the dual constraints of factor scarcity and
limited mobility in agricultural systems. The framework consists of
two interrelated dimensions. First, information infrastructure
alleviates capital and technological constraints by expanding credit
access through digital inclusive finance and promoting technology
diffusion along agricultural value chains. Second, the external
environment moderates the impact of information infrastructure by
shaping the mobility of production factors. These mechanisms
reinforce one another: digital finance facilitates technology adoption
by easing capital constraints; technological progress enhances
productivity and attracts investment; and urban-rural integration
amplifies these effects by expanding market access. Overall, these
three mechanisms interact dynamically and serve as key channels
through which information infrastructure contributes to agricultural
structural upgrading.

Under the traditional financial system, the profit-driven nature of
capital and the inherent vulnerability of agriculture jointly result in
widespread financial exclusion among agricultural entities. Digital
inclusive finance leverages digital technologies to enhance financial
resources, extend financial services to underserved populations, and
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improve financial accessibility and convenience, thus alleviating
financing constraints for agricultural entities (Ceccobelli et al., 2012).
Specifically, digital inclusive finance has the potential to overcome the
spatial limitations of traditional financial systems and provide services
to “long-tail” groups that were previously underserved (Holmstrom,
2018). Its development relies on the support of information
infrastructure, which enables efficient communication platforms and
data processing capabilities. Information infrastructure facilitates the
expansion of remote financial services, data-based credit evaluation,
and intelligent risk management in rural areas, thereby significantly
improving both the coverage and efficiency of rural finance. Enhanced
access to digital finance allows agricultural producers to secure greater
financial support, acquire new knowledge and skills, and invest in
smart and automated agricultural equipment for use in production
activities. These changes contribute to the modernization and
upgrading of the agricultural industrial structure. Moreover, with its
low barriers to entry and cost advantages, digital inclusive finance
helps align capital flows with the evolving needs of the agricultural
sector. It directs resources toward emerging industries and innovation-
driven domains, providing essential financial support for agricultural
structural transformation. Based on the above analysis, we propose
the following hypothesis:

Hypothesis 2: Information infrastructure facilitates the upgrading
of the agricultural industrial structure through fostering the
development of digital inclusive finance.

Against the backdrop of relatively scarce agricultural production
resources, information infrastructure facilitates agricultural industrial
structure upgrading by enhancing regional innovation levels and
fostering agricultural technological progress. On the one hand,
information infrastructure enhances regional connectivity by
leveraging digital platforms and data systems, which help overcome
geographic limitations and promote the flow of resources and
knowledge across regions and sectors. This improved connectivity
increases both the accessibility and dissemination of agricultural
technologies. As innovation spreads, barriers between agricultural
sub-sectors are gradually dismantled, allowing innovation resources
to penetrate the entire agricultural value chain. This integration fosters
internal synergies and guides agricultural production toward
diversification and the convergence of agricultural and processed
outputs (Wang et al., 2024a). On the other hand, information
infrastructure facilitates the adoption of modern technologies in
agricultural practices. It supports the development and application of
precision agriculture, smart farming, and other innovative production
models. These approaches not only enhance resource use efficiency
but also improve the environmental sustainability and safety standards
of agricultural supply chains, thereby steering the sector toward higher
value-added and more sustainable structural transformation (Wang
et al, 2025). Based on the above discussion, we propose the
following hypothesis:

Hypothesis 3: Information infrastructure facilitates the upgrading
of the agricultural industrial structure through advancing

agricultural technological progress.

The restricted mobility of agricultural production factors
constitutes a critical constraint on agricultural industrial structure
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upgrading. The level of urban-rural integration serves as an essential
contextual foundation for the digital empowerment effects of
information infrastructure, directly influencing the efficiency of rural
factor mobility. As a digital production system, information
infrastructure fundamentally relies on data and information as key
inputs. Its enabling effects depend on the optimal coupling between
digital and traditional production factors. Only under conditions of
high urban-rural integration, where these factors can move freely
between rural and urban areas, can the transformative potential of
information infrastructure be fully unlocked to support agricultural
structural upgrading. On the one hand, a higher degree of urban-
rural integration fosters more flexible factor markets, allowing digital
and technological resources to integrate effectively with conventional
agricultural inputs. This accelerates the transformation of production
methods and the innovation of business models, giving rise to smart
agriculture, rural e-commerce, agritourism, and other emerging
formats (Wang et al., 2024b). On the other hand, enhanced integration
of rural and urban factor markets broadens the scope of market-based
allocation, contributing to the formation of a virtuous cycle of factor
agglomeration. This improves total factor productivity and provides
sustained momentum for the upgrading of the agricultural industrial
structure. Based on the above discussion, we propose the
following hypothesis:

Hypothesis 4: Urban-rural integration positively moderates the
effect of
structural upgrading.

information infrastructure on agricultural

In summary, based on the dual perspectives of agricultural factor
scarcity and mobility constraints, this study constructs a theoretical
framework to investigate the impact of information infrastructure on
agricultural industrial structure upgrading. The conceptual framework
is shown in Figure 1.

3 Methods and data
3.1 Model construction

This paper adopts the “Broadband China” strategy as a quasi-
natural experiment and constructs a staggered difference-in-
differences (Staggered DID) model to investigate the impact of
information infrastructure on agricultural structural upgrading. Since
the 117 pilot cities (or city clusters) under the “Broadband China”
strategy were not designated simultaneously but implemented in
phases across different years, a staggered DID model is appropriate.
The model is specified as shown in Equation (1):

ISi)t = +ﬂdidi)t +zini,t + U+ vy +‘9i,t (1)

Where IS; ; is the dependent variable, representing the agricultural
structural upgrading index of city i in year ¢; did;; is the core
explanatory variable, a dummy indicating whether the city i has
implemented the “Broadband China” pilot policy by year ¢,which
proxies the intensity of information infrastructure development. X; ;
represents a set of control variables; £4; represents year fixed effects; v;
represents year fixed effects; and &; ; is the random error term.
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FIGURE 1
Theoretical framework of the analysis.

3.2 Variables

3.2.1 Explained variable

The explained variable is the agricultural structural upgrading
index (IS). Existing research typically measures structural differences
using the ratio of agricultural to non-agricultural value added, or
depicts structural transformation through the proportion of the
population employed in the primary sector (Li et al., 2024). However,
such conventional indicators, which focus on output or employment
shares across sectors, fail to reflect the internal evolution of the
agricultural system and are insufficient for rigorously assessing the
degree of structural upgrading within agriculture. To address this
limitation while ensuring data availability and comparability,
we follow Qin et al. (2022) and construct a composite index of
agricultural structural upgrading. First, we define IS; as the ratio of
the output value of agricultural support services to the combined
output of the forestry, animal husbandry, and fishery sectors. A higher
value of IS; indicates a stronger orientation toward service-based
activities within agriculture and reflects a more advanced and
functionally diversified industrial structure. Second, we define IS, as
an industrial structure hierarchy coefficient that reflects the transition
from a crop-dominated monoculture to a multifunctional and
integrated agricultural system. Finally, to comprehensively assess both
the direction and complexity of structural upgrading, we apply min-
max normalization to IS; and IS,, and aggregate them into a composite
index of agricultural structural upgrading, denoted as IS. The
composite index is calculated according to Equations (2)-(4):

I$,=Y3/Y, @)
IS, = ZS:IX,»*W (3)
1/2 1/2
15 =(Hyg x stz)m—I IS~ ISimin || 182~ ISymin | W

ISlmax _Islmin| |ISZmax _ISZmin

Where i=1,2,3 represents the three agricultural subsectors:
farming, forestry, and agricultural support services. Y; represents the
output value of sector i; X; represents the proportion of sector’s output
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value to total agricultural output value; and w represents the weighting
factor for each sector. The final index IS integrates normalized
indicators IS; and IS;, providing a comprehensive measure of
agricultural structural upgrading.

3.2.2 Explanatory variable

The explanatory variable is the level of information infrastructure.
Using the “Broadband China” strategy as a quasi-natural experiment,
we classify the pilot cities under “Broadband China” as the treatment
group and non-pilot cities as the control group. We construct two
dummy variables, treat and year. Specifically, treat =1 if a city is
designated as a “Broadband China” pilot city, otherwise treat=0.
Similarly, year =1 if the observation year is equal to or later than the
year when a city became a pilot, otherwise year=0. Finally,
information infrastructure is defined as DID = treatx year.

3.2.3 Control variables

To mitigate the influence of other factors, the following control
variables are selected: (1) Economic development level is measured by
the natural logarithm of regional GDP; urbanization level is measured
as the ratio of urban permanent residents to total permanent residents
at year-end; resident income level is proxied by the natural logarithm
of rural residents’ per capita disposable income; openness level is
proxied by the ratio of actual utilized FDI to regional GDP; agricultural
fiscal support level is measured as the ratio of local fiscal expenditure
on agriculture to regional GDP.

3.3 Data sources and descriptive statistics

The data sources for this study are as follows: (1) the agricultural
structural upgrading index and sectoral output values in agriculture,
forestry, animal husbandry, and fishery are obtained from the China
Statistical Yearbook. (2) The list of pilot cities designated for the
“Broadband China” strategy is obtained from the official website of the
Ministry of Industry and Information Technology of the People’s
Republic of China. The policy was implemented in three phases, with
pilot cities selected in 2014, 2015, and 2016. (3) Control variables are
drawn from the China City Statistical Yearbook, provincial and
municipal statistical yearbooks, and the Statistical Bulletin on National
Economic and Social Development. To address missing values, linear
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interpolation was applied to maintain data integrity. The final dataset
comprises a balanced panel of 233 prefecture-level cities in China
from 2010 to 2022, serving as the basis for subsequent empirical
analysis. Variable definitions and descriptive statistics are presented in
Table 1.

4 Empirical analysis
4.1 Baseline regression

To mitigate the potential impact of outliers on the regression
results, we winsorized all control variables at the 1% level and adopted

TABLE 1 Variable definitions and descriptive statistics.

10.3389/fsufs.2025.1606799

a stepwise regression strategy. As shown in column (6) of Table 2, after
controlling for year and city fixed effects and including all control
variables, the coefficient of information infrastructure is 0.009, which
is statistically significant and positive at the 1% level. This finding
indicates that the implementation of the “Broadband China” strategy
has significantly facilitated agricultural structural upgrading. Given
that the agricultural structural upgrading index is standardized to the
(0, 1) interval using min-max normalization, the estimated coefficient
of 0.009 suggests that the Broadband China policy increased
agricultural structural upgrading by approximately 0.9 percentage
points on average. Using the sample mean (0.174) and standard
deviation (0.089) as references, this effect represents a 5.2% relative
improvement and a 10.1% change relative to one standard deviation.

Variable name Variable symbol Calculation method Mean  Std. dev.
Agricultural structural
ASU Agricultural structural upgrading index 0.174 0.089
upgrading
Dummy variable for the “Broadband China” strategy implementation (1 = Yes;
Information infrastructure | IID 0.240 0.427
0=No)
Urbanization rate URB Urban permanent population/Total permanent population (%) 56.600 13.570
Fiscal support for Fiscal expenditure on agriculture, forestry, animal husbandry, and fishery/Regional
FSA 24.400 17.550
agriculture GDP (%)
Rural disposable income RDI Rural residents’ income level (yuan, log-transformed) 9.465 0.451
Trade openness TO Actual utilized foreign capital/Regional GDP (%) 1.628 1.579
Regional economic
RED Regional GDP (10,000 yuan, log-transformed) 7.523 0.824
development

TABLE 2 Baseline regression results.

Variables Agricultural structural upgrading
(3) (4)
0.008%* 0.009%** 0.008%* 0.009%** 0.009%* 0.009%**
1ID
(2.467) (2.658) (2.419) (2.613) (2.493) (2.605)
0.001%#%* 0.001%#%* 0.001%#%* 0.001%** 0.0017%**
URB
(2.738) (3.144) (2.784) (2.644) (2.599)
0.0337%%* 0.046%** 0.063%#* 0.065%**
RDI
(2.074) (2.835) (3.474) (3.559)
0.005%*# 0.005%3* 0.005%#*
TO
(3.534) (3.600) (3.555)
0.033%** 0.0347%%*
RED
(2.773) (2.827)
0.000
FSA
(1.498)
0.1727%%* 0.106%%* 0.406%** 0.530%%* 0.452%%* 0.4607%**
Constant
(150.031) (4.369) (2.726) (3.463) (2.972) (3.025)
Year Controls Controls Controls Controls Controls Controls
City Controls Controls Controls Controls Controls Controls
Obs 2,899 2,899 2,899 2,899 2,899 2,899
R? 0.752 0.753 0.753 0.755 0.756 0.757
w0k and * denote significance at 1, 5, and 10% levels, respectively.
Frontiers in Sustainable Food Systems 06 frontiersin.org


https://doi.org/10.3389/fsufs.2025.1606799
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Huang et al.

These findings suggest that information infrastructure construction
plays a significant role in promoting agricultural structural upgrading.
The results across all columns in Table 2 consistently demonstrate that
the coefficient of the core explanatory variable remains positive and
statistically significant under different model specifications, suggesting
that the impact of information infrastructure on agricultural structural
upgrading is robust. Thus, Hypothesis 1 is empirically supported.

4.2 Robustness checks

4.2.1 Parallel trend test

The premise of using a staggered difference-in-differences (DID)
model is that, prior to the implementation of the policy pilot, there
should be no systematic differences in the agricultural structural
upgrading between the treatment and control groups, or any existing
differences remain constant over time. Therefore, following Beck et al.
(2010), this study adopts the event study approach to test the parallel
trend assumption. The model is specified as shown in Equation (5):

k=5 k
ISig=a+, " BiDiy+Z7iXie+ i +vi + iy 5)

Where D,If ¢ is a dummy variable indicating whether the city i is
designated as a “Broadband China” pilot city in year t. The policy
implementation year serves as the baseline year, and k represents the
number of years relative to this baseline. Specifically, if k <0, the
policy had not yet been implemented in that year; if k > 0, the policy
had already taken effect. To account for potential long-term effects, all
pre-treatment periods beyond 5 years are grouped into a single
category, and the same approach is applied to post-treatment periods
exceeding 5 years, restricting k to the range [—5, 5], while excluding
k=0. The parallel trend assumption requires that, before the

10.3389/fsufs.2025.1606799

designation of “Broadband China” pilot cities, the trends in
Agricultural Structural Upgrading between the treatment and control
groups should not differ significantly. Statistically, this implies that the
coefficients of Dilf ; should be insignificant for k < 0. Conversely, after
policy implementation, the “Broadband China” strategy must exert a
significant impact on Agricultural Structural Upgrading, which is
reflected by the coefficients of Dilft being significantly greater than
zero for k> 0.

The results of the parallel trend test are shown in Figure 2, where
the x-axis represents the years before and after the implementation of
the “Broadband China” pilot, while the y-axis denotes the agricultural
structural upgrading index. As shown, the estimated values of S fail
to reject the null hypothesis that they are equal to zero, demonstrating
that the model passes the parallel trend test. In addition, this study
conducts a joint significance test on the pre-treatment coefficients to
further validate the parallel trends assumption. The results show that
the F-statistic of the joint test is 0.84, with a corresponding p-value of
0.498, which fails to reject the null hypothesis that all pre-treatment
coeflicients are jointly equal to zero. This indicates that, prior to the
policy implementation, there was no systematic difference in the
trends of agricultural structural upgrading between the treatment and
control groups, thereby satisfying the identification condition of the
difference-in-differences model.

4.2.2 Placebo test

To rule out potential confounding factors, this study conducts a
placebo test on the staggered DID model. The procedure is as follows:
First, a random selection of “Broadband China” pilot cities is
performed, and these cities are assigned fictitious implementation
dates, thereby generating a pseudo-treatment experiment that includes
both pilot cities and implementation timing. Next, the study estimates
Model (5) using the newly generated placebo treatment variable. The
placebo coeflicients obtained from this regression serve as a robustness
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FIGURE 2
Results of the parallel trends test.
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check for the baseline model. This process is repeated 500 times, and
the distribution of the placebo regression coeflicients is presented in
Figure 3, with the corresponding estimation results summarized in
Table 3.

The results indicate that the placebo regression coeflicients are
predominantly clustered around zero and follow a normal distribution.
Moreover, their absolute values are substantially smaller than the true
estimated coefficient of 0.009 in the baseline model, with p-values
exceeding 0.1. These findings suggest that unobserved factors do not
significantly affect the experimental results, further reinforcing the
robustness of the baseline regression conclusions.

4.2.3 PSM-DID test
To address potential self-selection bias arising from the
non-random selection of policy pilot cities, this study employs the

10.3389/fsufs.2025.1606799

propensity score matching-difference-in-differences (PSM-DID)
method to evaluate the policy effects. Using 1:1 nearest-neighbor
matching, we match control variables and compare the Logit
regression results before and after matching. After matching, the
coefficients of covariates across years decrease and become statistically
insignificant, while the pseudo-R’ significantly declines, indicating the
absence of systematic bias between the treatment and control groups.
The balance test confirms the validity of the matching procedure.
Thus, the PSM-DID test further supports the reliability of the baseline
regression conclusions.

4.2.4 Additional robustness checks

To ensure the robustness of the regression results, this study
conducts a series of additional tests, including shortening the study
period, implementing a conventional DID model, excluding the
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FIGURE 3
Results of the placebo test.
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TABLE 3 PSM-DID results.

Variables Fixed effects Non-empty weights Meeting common Frequency weighted
support assumption regression
(1) (2) (3) (4)
0.009%** 0.0127%#% 0.009%** 0.015%**
i (2.602) (2.970) (2.687) (4.091)
0.455%%* 0.649%** 0.484%%* 0.999%*3*
Constant
(2.989) (2.936) (3.070) (5.247)
Controls Controls Controls Controls Controls
Year Controls Controls Controls Controls
City Controls Controls Controls Controls
Obs 2,899 1794 2,793 2,986
R 0.757 0.762 0.757 0.762

w5k and * denote significance at 1, 5, and 10% levels, respectively.
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TABLE 4 Additional robustness check results.

Variables Shortened study Conventional DID Excluding other policy Alternative explained
period interventions variable
(1) (2) (3) (4)
0.007%* 0.010%* 0.009%#* 0.212%*
11D
(2.678) (2.220) (2.619) (1.822)
—0.001
Smart city
(—0.233)
0.250%* 0.450%%* 0.454%#%* 12.906%**
Constant
(1.902) (2.650) (2.986) (3.220)
Controls Controls Controls Controls Controls
Year Controls Controls Controls Controls
City Controls Controls Controls Controls
Obs 1784 2,230 2,899 2,899
R? 0.878 0.748 0.757 0.822
##k % and * denote significance at 1, 5, and 10% levels, respectively.
influence of other policies, and replacing the explained variable. The =~ regional  economic  development, and regional grain

regression results are presented in Table 4.

The results demonstrate the following: First, the study shortens
the sample period from 2010 to 2022 to a narrower window around
the policy intervention (2012-2018) and re-estimates the regression
model. As shown in column (1) of Table 4, the sign and significance
of the estimated coefficient for information infrastructure remain
consistent with the baseline regression. Second, this study simplifies
the staggered DID model in the baseline regression to a conventional
DID model. Specifically, the three pilot phases are treated as a single
event wave, and sample data from 2014 to 2016 are excluded. The
multi-period DID is then converted into a standard DID model and
re-estimated. As shown in column (2) of Table 4, information
infrastructure continues to have a significant positive effect on
agricultural structural upgrading. Third, between 2013 and 2015,
China implemented the Smart City Pilot Program, which may have
influenced agricultural structural upgrading by improving regional
informatization. To rule out this potential confounding effect, this
study introduces a smart city dummy variable and includes it in the
baseline regression. As shown in column (3) of Table 4, the
estimated coefficient for information infrastructure remains
consistent in both sign and statistical significance with the baseline
regression. Fourth, this study further replaces the explained variable
with the ratio of the output value of agricultural, forestry, animal
husbandry, and fishery (AFHF) specialized and auxiliary activities
to total AFHF output value, while keeping other variables
unchanged. As shown in column (4) of Table 4, the estimated
coefficient for information infrastructure is 0.212, which is
significantly positive at the 1% level, confirming the robustness of
the baseline regression results.

4.3 Heterogeneity analysis

This study performs heterogeneity analysis from four dimensions:
the level of traditional infrastructure development, population density,
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production strategy.

First, agricultural production factors, agricultural productive
services, and the circulation of agricultural products are highly
dependent on traditional infrastructure such as roads and railways.
Accordingly, the level of traditional infrastructure development may
significantly influence the upgrading of the agricultural industrial
structure. Second, compared to high-population-density regions,
information exchange is relatively limited in low-population-density
regions. As a result, the effectiveness of information infrastructure
may vary significantly across areas with different population densities.
Third, substantial disparities exist in topography, population
distribution, and economic development levels among China’s eastern,
central, and western regions. In 2022, the number of rural broadband
access ports in these regions was 72.30, 59.51, and 44.51 million,
respectively, exhibiting a pattern of east > central > west. Consequently,
the uneven distribution of information infrastructure investment and
application may contribute to regional disparities in agricultural
structural upgrading. Fourth, compared to major grain consumption
regions, grain-producing regions and production-marketing balance
regions exhibit stronger agricultural dominance and receive greater
policy support. Therefore, the interaction between information
infrastructure construction and regional grain production policies
may lead to heterogeneous effects on agricultural structural upgrading
across regions.

To examine the heterogeneous effects of information
infrastructure on agricultural structural upgrading, this study
measures traditional infrastructure development by the total length of
operational roads, population density by the ratio of year-end
permanent residents to administrative area, and regional grain
production strategy based on whether a region is classified as a major
grain-producing region or a production-marketing balance region. In
the baseline regression, interaction terms are introduced between
information infrastructure and traditional infrastructure, population
density, western regional classification, and regional grain production
strategy. The regression results are presented in Table 5.
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TABLE 5 Heterogeneity analysis.

Variables Traditional Population density = Regional development Strategy positioning
infrastructure
(1) (2) (3) (4)
0.009%* 0.007%* 0.01437%%* —0.004
11D
(2.464) (2.003) (3.605) (=0.439)
—0.006
Traditional infrastructure
(—1.450)
1ID x Traditional 0.008*
infrastructure (2.029)
Population density
(=5.734)
0.010%**
1ID x Population density
(2.987)
IID x Western region
(—3.303)
0.015*
IID x Grain production area
(1.658)
0.490%#* 0.6627%%* 0.395%* 0.477%#%*
Constant
(3.178) (3.907) (2.575) (3.125)
Controls Controls Controls Controls Controls
Year Controls Controls Controls Controls
City Controls Controls Controls Controls
Obs 2,899 2,899 2,899 2,899
R? 0.757 0.766 0.758 0.757

#xk % and * denote significance at 1, 5, and 10% levels, respectively.

The results presented in Column (1) of Table 5 show that the
interaction term between information infrastructure and
traditional infrastructure is statistically significant and positive,
indicating that the impact of information infrastructure on
agricultural structural upgrading is more pronounced in regions
with better-developed traditional infrastructure. Similarly, the
interaction term between information infrastructure and
population density is statistically significant and positive. This
suggests that information infrastructure development is more
conducive to agricultural structural upgrading in high-
population-density regions, as it amplifies information flows and
improves the efficiency of agricultural resource transactions. In
contrast, the interaction term between information infrastructure
and the western region is statistically significant and negative,
indicating that the role of information infrastructure in
promoting agricultural structural upgrading is weaker in the
western region compared to the eastern region. This may
be attributed to higher levels of informatization and human
capital in the central and eastern regions, which facilitate
technological innovation and application, whereas the western
region’s weaker foundation in informatization and shortage of
digital talent constrain the innovation and agglomeration effects
of information infrastructure. Finally, the interaction term
between information infrastructure and grain-producing regions

Frontiers in Sustainable Food Systems

is statistically significant and positive. This implies that in
regions where agriculture holds a more fundamental position and
receives stronger policy support, the impact of information
infrastructure on agricultural structural upgrading is more
pronounced. The accelerated integration of information and
technology with traditional agriculture in these regions promotes
the transformation of agricultural scientific and technological
achievements. Furthermore, the agricultural endowment
advantages of grain-producing regions amplify the resource
allocation optimization effects of information infrastructure.

5 Further analysis: pathway
mechanisms

5.1 Mitigating resource scarcity constraints

This study examines the mechanisms through which information
infrastructure promotes agricultural structural upgrading from the
perspectives of capital and technological factors. Capital factors are
measured using the Peking University digital financial inclusion
index, which captures the breadth of digital financial coverage, the
depth of digital financial usage, and the degree of digitalization in
financial inclusion. Technological factors encompass both input and
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TABLE 6 Capital factor pathway.

10.3389/fsufs.2025.1606799

Variables Agricultural Digital inclusive Agricultural Breadth of Agricultural
structural finance structural digital inclusive structural
upgrading upgrading finance upgrading

(1) (2) (3) (4) (5)
0.008%** 1.292%%* 0.007%* 1.456%** 0.007%*
11D
(2.266) (2.827) (2.116) (2.933) (2.056)
0.001%#%
Digital inclusive finance
(2.674)
Breadth of digital 0.007%%
inclusive finance (3.117)
0.531%*#* 142.587%%* 0.457%%* 71.801%%%* 0.488%**
Constant
(3.100) (7.457) (2.634) (3.502) (2.857)

Controls Controls Controls Controls Controls Controls

Year Controls Controls Controls Controls Controls

City Controls Controls Controls Controls Controls

Mediator: digital inclusive Mediator: breadth of digital
Sobel test/bootstrap test 0.001%* 0.001%*
finance inclusive finance
Obs 2,676 2,676 2,676 2,676 2,676
R 0.763 0.996 0.764 0.995 0.765

w5k and * denote significance at 1, 5, and 10% levels, respectively.

output dimensions, represented by per capita agricultural machinery
power and labor productivity in terms of agricultural output.

5.1.1 Capital factor pathway

To examine the capital factor pathway, this study employs the
three-step method for mediation testing. Column (2) of Table 6
reports that the regression coefficient of information infrastructure
on digital financial inclusion is 1.292, which is significantly positive
at the 1% level. This indicates that information infrastructure
significantly facilitates the expansion of digital financial inclusion. In
Column (3) of Table 6, after introducing digital financial inclusion as
a mediating variable, the estimated coefficient of information
infrastructure remains positively significant at the 5% level but
decreases from 0.008 to 0.007. This suggests that digital financial
inclusion partially mediates the positive relationship between
information infrastructure and agricultural structural upgrading. To
further validate the mediation effect, both Sobel test and Bootstrap
test are conducted. The results confirm that the indirect effect is
significantly positive at the 5% level, with approximately 8.25% of the
total effect transmitted through the mediation pathway. These
findings indicate that information infrastructure alleviates financial
resource constraints in rural areas, thereby facilitating agricultural
structural upgrading. Hypothesis 2 is thus empirically supported.

To further clarify the pathway through which digital financial
inclusion influences agricultural structural upgrading, this study
examines its effects across different dimensions. As shown in
Column (4) of Table 6, the regression coefficient of information
infrastructure is 1.456, which is statistically significant and positive
at the 5% level. In Column (5), after introducing the breadth of
digital financial inclusion as a mediating variable, the coefficient of
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information infrastructure decreases from 0.008 to 0.007, indicating
that the breadth of digital financial inclusion partially mediates the
effect of information infrastructure on agricultural structural
upgrading. However, further analysis reveals that the depth and
digitalization level of digital financial inclusion do not exhibit
significant mediation effects. A possible explanation is that current
information infrastructure development primarily alleviates
liquidity constraints in rural financial markets by expanding the
coverage of financial services. Nevertheless, due to high access
barriers associated with information infrastructure and internet-
based financial services, the depth and digitalization level of digital
financial inclusion in rural areas remain underdeveloped, thereby
limiting their mediating effects.

5.1.2 Technological factor pathway

To address potential endogeneity concerns in the traditional
mediation effect model, this study employs a two-step estimation
approach to assess the effect of information infrastructure on
agricultural structural upgrading.

As shown in columns (1) to (4) of Table 7, the estimated
of
technological progress in agriculture and agricultural labor

coefficients information infrastructure on labor-saving
productivity are 0.034 and 0.014, respectively, both of which are
positively significant at the 5% level. Moreover, the sign and
significance of the coefficients remain stable before and after the
inclusion of control variables, indicating that the results are robust.
These findings confirm that information infrastructure significantly
promotes technological progress in agriculture, thereby providing

empirical support for hypothesis 3.
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TABLE 7 Technological factor pathway and urban—rural integration effects.

10.3389/fsufs.2025.1606799

Variables Labor-saving technological Labor productivity Agricultural
progress structural upgrading
(1) (2) (3) (4) (5)
0.034%* 0.034%* 0.014%* 0.014%* 0.005
1D
(2.051) (2.062) (2.189) (2.227) (1.182)
0.007%**
Urban-rural integration
(—2.634)
0.009%*
1ID x Urban-rural integration
(1.692)
1.360%** 2.4387%%* 7.919%*# 7.741%%* 0.434%#%
Constant
(236.526) (3.629) (0.004) (35.199) (2.851)
Controls Controls Controls Controls Controls Controls
Year Controls Controls Controls Controls Controls
City Controls Controls Controls Controls Controls
Obs 2,899 2,899 2,899 2,899 2,899
R 0.771 0.772 0.954 0.954 0.757

#k 4% and * denote significance at 1, 5, and 10% levels, respectively.

5.2 Alleviating factor mobility constraints

In this study, urban-rural integration level is measured based on
urban-rural income levels and consumption levels. The specific
calculation is presented in Equation (6):

Uri= (Rpci—Rpce)/ Rpci ©)
B (Upci —Upce) /Upci

Where Rpci, Rpce, Upci, Upcerepresent rural residents’ per capita
disposable income and consumption expenditure, and urban
residents’ per capita disposable income and consumption expenditure,
respectively. Uri index reflects the relative pace of urban-rural
development, where a higher value indicates a higher level of urban—
rural integration. Furthermore, to examine the moderating role of
urban-rural integration, this study introduces an interaction term
between the urban-rural integration level and the “Broadband China”
strategy dummy variable into the baseline model (6).

As shown in Column (5) of Table 7, the estimated coefficient for
the interaction term between information infrastructure and urban-
rural integration is 0.009, which is significantly positive at the 10%
level. This result suggests that a higher level of urban-rural
integration significantly enhances the impact of information
infrastructure on agricultural structural upgrading, thereby
providing empirical support for Hypothesis 4. Urban-rural
integration creates a favorable environment for the investment,
construction, and application of information infrastructure. In
regions characterized by higher levels of urban-rural connectivity,
the flow of production factors becomes more efficient, talent
mobility increases, and government service capacity improves
substantially. Moreover, a more dynamic market system and more
open governance structures further facilitate the transfer of high
value-added industries from urban to rural areas. Through industrial
integration between urban and rural regions, this process promotes
the diffusion of technology, talent, and other key resources into rural
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areas, thereby accelerating the transformation and upgrading of the
agricultural industrial structure.

6 Conclusions and policy suggestions
6.1 Conclusion

Amid the current wave of technological innovation, new
infrastructure has emerged as a key driver of productivity enhancement
and high-quality economic development. As a fundamental pillar of the
digital economy, expanding investment in information infrastructure
and integrating digital resources have become strategic priorities in
China’s long-term development agenda. Against this backdrop, this
study examines the impact of information infrastructure on agricultural
industrial structure upgrading from the dual perspectives of factor
scarcity and mobility constraints. Using panel data from 233 prefecture-
level cities in China between 2010 and 2022, and employing a staggered
difference-in-differences model, we provide robust empirical evidence
on both the overall effects and underlying mechanisms. The main
findings are as follows. First, information infrastructure significantly
promotes agricultural structural upgrading. Second, the impact is more
pronounced in regions characterized by better traditional infrastructure,
higher population density, central and eastern locations, and major
grain-producing and marketing balance areas. Third, mechanism
analysis reveals that information infrastructure facilitates structural
upgrading by alleviating capital and technological constraints and
enhancing factor mobility. Furthermore, the level of urban-rural
integration positively moderates the relationship between information
infrastructure and agricultural structural upgrading.

6.2 Policy suggestions

Based on the above research conclusions, this study proposes the
following policy recommendations.

frontiersin.org


https://doi.org/10.3389/fsufs.2025.1606799
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Huang et al.

First, maintain the momentum in advancing information
infrastructure development and systematically implement policy
pilots at the county level. Substantial investments in rural
information infrastructure should be prioritized, with particular
emphasis on optimizing investment structures based on regional
characteristics to accelerate the digital transformation of
agriculture and rural areas. Demonstration cities should
be selected to deploy next-generation information network
technologies, where innovative models integrating digital
technologies with agricultural production can be actively
explored. The development of digital agricultural products and
services should be encouraged to establish replicable and scalable
best practices. These efforts aim to build a strong digital
foundation for promoting rural revitalization and
agricultural modernization.

Second, promote the coordinated development of agricultural
technology innovation and digital inclusive finance. An
innovation system should be established, guided by government
policy, driven by the market, and supported by multiple
stakeholders. This can be achieved through the formation of
strategic industry-academia-research alliances, the establishment
of joint R&D centers, and the creation of specialized innovation
funds to enhance the flow and commercialization of agricultural
technologies. At the same time, support for new agricultural
business entities should be improved through preferential land
transfer policies, fiscal subsidies, and tax incentives to accelerate
the adoption of digital farming technologies. Rural digital finance
reforms should encourage financial institutions to develop
tailored financial products and expand credit support for new
agricultural entities. Such initiatives can enhance the technological
innovation capacity of rural areas and foster the digital upgrading
of agricultural production.

Third, establish a coordinated urban-rural development
mechanism to enhance the bidirectional flow of resources and
production factors. Efforts should focus on improving unified
land markets through land management reform and the
revitalization of idle rural land. At the same time, rural investment
and financing mechanisms should be modernized by expanding
fiscal support, leveraging public-private partnerships, and
encouraging private capital participation in infrastructure
development. To broaden financial access for new agricultural
entities, innovative, value-chain-oriented financial products and
services should be developed. In addition, accelerating the
development of agricultural technology markets is crucial.
Reforms in the ownership and transfer of scientific and
technological outcomes should be deepened, supported by an
improved technology service system to foster innovation-led
transformation in agriculture. Together, these initiatives can
improve resource allocation efficiency and promote integrated
urban-rural development.

Fourth, strengthen the talent foundation for agricultural
digitalization and promote the application of digital technologies
in rural areas. Support policies for returning entrepreneurs should
be improved by enhancing rural infrastructure, optimizing public
services, and providing targeted incentives to attract professionals,
graduates, and migrant workers back to rural areas. These
measures can facilitate a shift from one-way talent outflow to
two-way mobility between urban and rural regions. Additionally,
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diversified digital application scenarios should be developed
around key areas such as agricultural production, rural
governance, and livelihoods. User-oriented, accessible, and
practically functional digital platforms must be prioritized to
ensure that farmers can effectively benefit from digital
These efforts that digital
transformation benefits are accessible to rural populations,

transformation. will ensure

thereby enhancing rural vitality and inclusiveness.

6.3 Discussion

This paper employs the Broadband China strategy as a quasi-
natural experiment to systematically examine the mechanisms
through which information infrastructure influences the upgrading
of agricultural industrial structures. The empirical findings indicate
that information infrastructure effectively alleviates resource
scarcity in agricultural production and exerts a more pronounced
effect when factor mobility constraints are relatively low, thereby
promoting agricultural industrial structure upgrading. These
results are consistent with the theoretical logic that information
infrastructure facilitates industrial development by optimizing
factor allocation and also reinforce existing empirical evidence on
the
structural transformation.

role of digital infrastructure in broader economic

Taking into account differences in institutional settings and
agricultural resource endowments, this study situates the Chinese
experience within a broader international context. Information
China has followed

government-led, policy-coordinated, and regionally piloted model.

infrastructure development in a
Supported by fiscal investment and state-enterprise collaboration,
the Broadband China strategy has significantly improved digital
infrastructure coverage in central and western regions, establishing
an extensive and inclusive digital service system. This state-led
model aligns closely with the structural characteristics of Chinese
agriculture, which include fragmented smallholder farming and
underdeveloped rural infrastructure. It has helped to overcome
bottlenecks such as limited technological spillovers, enhanced
rural areas’ ability to attract capital, technology, and human
resources, and improved the efficiency of agricultural resource
allocation, ultimately facilitating industrial upgrading.

By contrast, developed countries in Europe and America are
generally characterized by highly intensive, large-scale agricultural
systems and well-developed infrastructure. In such contexts,
information infrastructure is typically advanced through a
market-led, government-supported model. Platform-based tools
and market-oriented incentives are employed to integrate digital
elements across the agricultural value chain, thereby driving a
high-tech,  high-value-added,
multifunctional agricultural systems. However, such models often

transition  toward and
rely on mature institutional and market mechanisms, posing high
entry barriers for countries still in the early stages of agricultural
digitalization and infrastructure development.

The Chinese case thus offers valuable insights for developing
countries aiming to promote agricultural digital transformation
and industrial upgrading. In contexts characterized by limited
agricultural resources, persistent urban-rural dual structures, and
dominant smallholder economies, government-led information
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infrastructure investment can enhance the efficiency of factor
allocation, unblock channels for the flow of information, capital,
and technology, and thereby enable structural upgrading in
agriculture. Nevertheless, this study also underscores that hardware
investment alone is insufficient to build a sustainable modern
agricultural system. Parallel efforts are needed to improve farmers’
digital literacy, strengthen agricultural technology service systems,
and expand rural financial support mechanisms. Only through
such coordinated and multidimensional reforms can developing
countries achieve internal restructuring in agriculture, promote
integration with secondary and tertiary industries, and build more
resilient and diversified agricultural systems.

6.4 Research limitations

This study has several limitations that also point to avenues for
future research.

First, this study employs the “Broadband China” strategy as a
quasi-natural experiment to identify the impact of information
infrastructure on agricultural structural upgrading. Although the
analysis controls for potential confounding factors and adopts
techniques such as parallel trend testing and PSM-DID to mitigate
selection bias, the designation of pilot cities may still be influenced by
underlying regional characteristics such as economic development
and infrastructure conditions. As a result, the estimated effects may
be subject to residual bias. Future research could improve
identification credibility = by  introducing  exogenous
instrumental variables.

Second, this study relies on prefecture-level panel data, which is
suitable for capturing the overall policy impact of the “Broadband
China” initiative. However, such data are limited in their ability to
capture behavioral heterogeneity at the micro level. The current
dataset does not capture variation in farmers’ perceptions, adoption,
and usage of information infrastructure, nor how these behavioral
differences affect production factor allocation or transitions in farm
management models. Future research may utilize micro-level survey
data or nationally representative agricultural monitoring datasets to
explore the differentiated effects and mechanisms of information
infrastructure adoption on farmers’ production decisions.

Third, the panel data span the period from 2010 to 2022, broadly
covering the main implementation phase of the “Broadband China”
strategy. However, given the lagged effects of information
infrastructure and the gradual nature of agricultural structural
transformation, the current timeframe may not fully reflect its long-
term impacts. Future studies should extend the observation window
to assess the dynamic and sustained influence of information
infrastructure on structural transformation in agriculture.

Fourth, the conclusions of this study are grounded in China’s
specific institutional context, which may limit their external
generalizability. China’s agricultural system is characterized by small-
scale household farming, a pronounced urban-rural divide, and
collective land ownership, while its information infrastructure
development follows a government-led model grounded in the public
goods provision framework. In contrast, countries with private
property rights and market-driven mechanisms often operate under
fundamentally different agricultural and governance structures.
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Therefore, applying these findings to other national contexts requires
careful consideration of institutional heterogeneity.
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