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Unveiling the mechanisms of
factor flows in enhancing rural
multi-dimensional values: a case
study of Hunan Province, China

Qing Liu, Ru Zhao, Hui Ren*, Lianghui Tian and Qiuyu Xie

College of Resources, Hunan Agricultural University, Changsha, China

The reconstruction of the rural multi-dimensional values of the countryside in the
context of factor mobility is a key path to promote the integrated development
of urban and rural areas. A dynamic panel model and a spatial Durbin model
were employed to analyze the synergistic, agglomeration, and spillover effects
of four key factors—population, capital, information, and technology—on the
evolution of rural diverse values, with a focus on Hunan Province. The primary
conclusions of the study are as follows: (1) A substantial synergistic effect exists
among the factors, with the driving effect strengthening as interactions increase;
the strongest synergy occurs when all four factors interact. (2) Factor mobility
exhibits clear spatial agglomeration effects, reinforcing resource concentration
in advantageous regions and reshaping internal value distribution within those
regions. (3) Factor mobility also shows significant spatial spillover effects, where
elements in core regions positively influence the enhancement of rural diversified
values in surrounding areas. (4) The synergistic effects of these elements establish
the value foundation, agglomeration effects form growth poles, and spillover
effects drive regional linkage. The synergy of these three effects collectively
effects the trajectory for enhancing rural value. This study contributes to the
advancement of understanding regarding how factor flows promote rural value
enhancement and offers empirical evidence to inform optimized allocation of
urban-rural factors and policies for rural revitalization in Hunan Province.

KEYWORDS

factor flows, rural multi-dimensional value, synergistic effect, spatial agglomeration,
spatial spillover, sustainable rural development

1 Introduction

Rural areas serve as a foundational pillar of Chinese civilization (Long et al., 2019;
Liu et al., 2023). Beyond their traditional roles in agricultural production and habitation,
they are vital to cultural continuity, ecological preservation, and social stability—making
them indispensable components of national development (Hediger and Knickel, 2009).
However, as market mechanisms deepen and urbanization accelerates, core production
factors such as labor, land, and capital have increasingly gravitated toward urban centers
(Liu et al, 20105 Peng et al., 2011). This unidirectional concentration has left many rural
regions facing long-standing challenges of factor outflow and demographic hollowing
(Wen et al, 2023). Compounding the issue, the intrinsic value of the countryside—
particularly in non-economic domains—remains difficult to quantify or marketize, leading
to its marginalization (Andreas et al., 2020). Consequently, rural development often falls
into a structural trap of economic weakening, value invisibility, and functional deficiency
(Yin et al., 2022).
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Against this backdrop, advancing urban-rural integration and
fully implementing the rural revitalization strategy have become
central to Chinas national development agenda (Wang et al,
2023b). China has acknowledged the pressing nature of these
challenges, underscoring the strategic significance of rural value
reconstruction. In November 2021, the Ministry of Agriculture
and Rural Affairs underscored the mounting importance of rural
economic, ecological, social, and cultural values. The 2022 No.
1 Central Document further encouraged local governments to
explore and activate the multi-dimensional value of rural areas.
These objectives align closely with the United Nations 2030
Sustainable Development Goals (SDGs) (The United Nations: 2030
Sustainable Development Goals Agenda., 2021), particularly the
goal of building “sustainable cities and communities” through
enhanced urban-rural linkages (Assembly, 2015; Parnell, 2016).
Facilitating the rational flow of multiple factors—including
population, capital, information, and technology—between urban
and rural regions is not only essential for stimulating rural
economies but also for unlocking endogenous potentials in cultural
confidence, ecological restoration, and social resilience (Peng et al.,
2021; Riazi, 2024; Ménus and Lorincz, 2025; Yu et al., 2025).
Such flows are increasingly regarded as a critical pathway to
redress the rural value imbalance (Shakya and Vagnarelli, 2024).
Understanding the mechanisms by which factor flows influence
rural multi-dimensional value—and how these effects vary across
space and time—is therefore essential, both as a response to
China’s strategic goals and as a contribution to global sustainable
development discourse (Liu et al., 2020; Bhattacharyya et al., 2025).

In recent years, research on rural value has evolved from
basic functional identification toward integrated evaluation and
transformation models (Liang et al., 2025). Scholars have examined
its underlying logic, influencing mechanisms, and enhancement
pathways through case studies, theoretical modeling, and empirical
analyses (Ma and Swinton, 2011; Bole et al., 2013; Su et al., 2022).
These studies consistently highlight that rural multi-dimensional
value plays a pivotal role in promoting urban-rural integration,
optimizing rural spatial configurations, and advancing agricultural
modernization (Yang et al., 2023). It is also increasingly viewed
as a cornerstone for achieving rural revitalization and inclusive
prosperity. Simultaneously, factor flow has emerged as a key
driver in the evolution of urban-rural dynamics. Drawing on
theories of spatial mobility and urban-rural interaction, prior
research has investigated the mechanisms and trajectories of
labor, land, capital, and information flows (Liu et al., 2022b;
Zhu et al., 2024; Chen et al., 2025). However, few studies have
systematically analyzed how factor flows dynamically reshape rural
multi-dimensional value—particularly through mechanisms such
as synergy, spatial agglomeration, and spillover effects. The lack
of integrated empirical and theoretical research on this interaction
has left a significant gap in understanding how factor mobility
contributes to rural transformation under urban-rural integration.

To address this gap, this study investigates the mechanisms
by which factor flows influence rural multi-dimensional value
in Hunan Province, a central Chinese region characterized by
diverse rural types, strong spatial disparities, and active factor
exchanges (Bohua et al., 2016; Jianhe et al., 2020; Ying et al., 2021;
Huiqing and Fusheng, 2022). Using county-level data from 2012
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to 2022, this study employs dynamic panel and spatial Durbin
models to investigate three core mechanisms: synergistic effects
among factors, spatial agglomeration of rural value, and inter-
regional spillovers. Unlike previous research focusing on individual
factors or static analyses, the main contribution is an integrated
framework combining synergy, agglomeration, and spillover effects
to comprehensively explain rural value enhancement under factor
mobility. Spatial econometric methods at the county scale reveal
significant clustering and spillover patterns among population,
capital, information, and technology. This study aims to provide
empirical evidence supporting policies for optimized factor
allocation, rural revitalization, and balanced regional development.

2 Theoretical framework and research
hypotheses

“The Theory of the Man-land Relationship System” emphasizes
the dynamic interactions between human activities and the
geographical environment (Wu, 2008; Friis et al, 2016; Sheng
and Fan, 2018). Within this context, the theory of factor
flow identifies the movement of production elements as a
key mechanism in reshaping regional systems through the
coupling of human and environmental systems (Wang et al,
2018; Jin et al, 2021). Therefore, a theoretical framework
was proposed to elucidate the relationship between factor
mobility and multidimensional value enhancement in rural areas.
The fundamental logic of the aforementioned framework can
be succinctly summarized as a sequential mechanism, which
is outlined as follows: “factor input—human-land synergy—
practice-oriented structural adjustment—multidimensional value
enhancement.” (Figure 1). Under the backdrop of accelerated
factor mobility and integrated urban-rural development, the
orderly flow of key elements—including population, capital,
information, and technology—deeply embeds into rural space
through man-land coupling processes (Liu et al, 2022a; Ma
et al, 2023; Wang et al, 2024). This phenomenon gives rise
to an internal dynamic system characterized by factor synergy,
spatial agglomeration, and spatial spillover. As these flows interact
with rural practices, they collectively foster the emergence of
a multi-dimensional, synergistic, and systemically coupled rural
value structure. This structure not only facilitates rural value
enhancement but also offers theoretical support for advancing
urban-rural integration.

The
is not driven by isolated factor movements, but rather

transformation of rural multi-dimensional value
by the synergistic interactions among population, capital,
information, and technology. For instance, rural population
return necessitates infrastructure development, which in turn
relies on capital investment. Similarly, the flow of information
accelerates the introduction of new technologies, enabling
The

and the application of technology are mutually reinforcing.

industrial upgrading. dissemination of information
Population movements alter rural social structures, while
technology, capital, and information flows reshape production
methods, lifestyles, and cultural transmission mechanisms,

thereby facilitating the modernization and innovation of rural
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FIGURE 1
The relationship between factor flow and rural multidimensional value.

culture and enhancing overall value. Accordingly, Research
Hypothesis H1 is proposed: Factor flows exhibit synergistic
effects that jointly promote the enhancement of rural
multi-dimensional value.

The spatial agglomeration of rural multi-dimensional value
fundamentally results from the reconfiguration of resource
allocation and value creation mechanisms through factor flows. In
the context of urban-rural integration, key elements such as capital
and information increasingly transcend geographic boundaries,
flowing at higher frequencies and larger scales. This drives the
convergence of resources into areas with comparative advantages,
resulting in spatially concentrated value formation. Factor flows
not only promote the physical clustering of value-generating
elements but also establish a functional spatial network that
enhances value synergy, thereby acting as an internal force guiding
rural spatial restructuring and value agglomeration. Accordingly,
Research Hypothesis H2 is proposed: Factor flows produce spatial
agglomeration effects that drive the clustering of high-value
rural areas.

Changes in the flows of capital, technology, population, and
information influence not only local rural value evolution but
also extend their effects across regional boundaries. Capital flows,
through industrial investment and market expansion, foster local
industrial upgrading while exerting spillover effects that stimulate
economic growth in adjacent areas. Technology diffusion, via
knowledge transmission and innovation, enhances productivity
locally and through labor mobility and cooperation, elevates
technological capacity in surrounding regions. Furthermore,
population movements—particularly labor return and talent
inflow—not only revitalize the local economy but also catalyze
socio-cultural and economic activities in neighboring rural areas.
Accordingly, Research Hypothesis H3 is proposed: Factor flows
generate spatial spillover effects that promote rural value
enhancement in neighboring areas.
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3 Materials and methods
3.1 Study area

Hunan Province is located in central China along the middle
reaches of the Yangtze River, enjoying a distinctive geographical
advantage as a strategic hub that bridges eastern and western
regions while connecting the north and south. It serves as a critical
fulcrum for China’s “Rise of Central China” strategy and as a core
region for major national initiatives, including the high-quality
development of the Yangtze River Economic Belt. The province
comprises 122 county-level administrative units; however, since
Furong District has reached an urbanization rate of 100% and
lacks substantive rural space, it was excluded from the analysis.
Consequently, 121 counties were selected as the study units
(Figure 2). Hunan is a major agricultural province characterized
by an extensive rural territory and a large rural population base
(Zhou et al., 2021). By the end of 2023, the province had a
permanent population of 65.70 million, of which 25.51 million—
approximately 38.84%—resided in rural areas, underscoring the
continued demographic and spatial significance of the countryside.
The per capita disposable income of urban and rural residents was
49,243(CNY) and 20,921(CNY), respectively, yielding an income
ratio of 2.35. The Engel coefficients stood at 28.5% for urban
households and 30.3% for rural households, reflecting persistent
urban-rural disparities in living standards and consumption
patterns. In recent years, driven by the rural revitalization
strategy and policies promoting regional coordination, Hunan has
witnessed an accelerated flow of production factors, deepening
industrial integration, and a gradual narrowing of its dual
economic structure (Tan et al., 2023). These trends have created
both momentum and opportunities for reconstructing rural
multi-dimensional value through enhanced factor mobility, while
fostering new dynamics in urban-rural integration. Taken together,
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3.2 Research methods

3.2.1 Entropy weight method

Based on the connotation of rural multi-dimensional value
and drawing on relevant academic studies, an indicator system
was constructed from four dimensions: economic, social, cultural,
and ecological, comprising a total of 16 indicators (Table 1)
(Zhang et al,, 2022; Dou and Wang, 2023; Wang et al., 2023a;
Jia et al, 2024). In line with the theoretical framework, four
key production factors—population, capital, information, and
technology—were selected to evaluate the intensity of factor flows
(Table 2).

The entropy weight method was employed to calculate the
indicator weights for each year from 2012 to 2022. The average
value of these annual weights was then used as the final weight to
compute the composite scores of rural multidimensional value and
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Where V represents the rural multidimensional value score, F
denotes the intensity of factor flow, xi»j is the normalized value of the
indicator, and wj is the weight calculated using the entropy method.

3.2.2 Dynamic panel model

To explore the synergistic effects among different factor
flows on rural multidimensional value evolution, a dynamic
panel model was constructed (Table 3) (Bond, 2002). This model
incorporates the key factor flow variables—population (P), capital
(C), information (I), and technology (T)—as well as their
second-, third-, and fourth-order interaction terms. To mitigate
potential multicollinearity from higher-order interaction terms,
all variables were mean-centered before constructing interactions.
VIF tests confirmed that values were below 10, indicating no
multicollinearity concerns. The model is specified as follows:

Vit = ey, + B1Pit + B2Cir + B3(Pit + Cip) + i + Ar + i (2)

frontiersin.org


https://doi.org/10.3389/fsufs.2025.1673254
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Liu et al.

10.3389/fsufs.2025.1673254

TABLE 1 Indicator system for measuring the level of rural multidimensional value.

Dimension Indicators Description Attribute
Economic value Agricultural added value Reflects rural production capacity (10,000 CNY) +
Gross output of agriculture, forestry, animal Reflects agricultural economic output (10,000 CNY) +
husbandry, and fishery
Grain output Reflects rural food supply capacity +
Primary industry contribution rate Contribution of rural areas to overall economic growth +
Social value Per capita disposable income Indicates average income level of rural residents (CNY) +
Healthcare coverage Number of township health centers / rural population (%) +
Rural electricity consumption Reflects convenience of rural living +
Rural educational resources Number of primary and secondary schools/rural population (%) +
Cultural value Traditional village protection rate Number of officially recognized protected villages +
Number of intangible cultural heritage items Indicates cultural preservation efforts +
Number of model Beautiful Villages Indicates level of comprehensive rural construction +
Ecological value Vegetation coverage rate Reflects ecological livability of rural areas +
Area of soil erosion control Reflects ecological governance efforts +
Pesticide application intensity Total pesticide use/sown area (kg/hm?) -
Fertilizer application intensity Total fertilizer use/sown area (kg/hm?) -

TABLE 2 Indicator system for factor flow.

Factor dimension Indicator name Description
Population mobility Change in rural resident population Reflects rural population mobility
Change in rural employment Reflects labor mobility
Capital flow Digital financial inclusion index Indicates financial capital flow between urban and rural areas

Government expenditure on agriculture, forestry, and water affairs

Indicates fiscal transfer payments

Information flow Number of landline phones

Means of communication across urban and rural areas

Number of mobile phones

Internet penetration rate

Technology flow Total power of agricultural machinery

Reflects technological equipment flow

Number of agricultural technicians

Indicates technical talent flow

TABLE 3 Explanation of model variables.

Variable type Variable name Symbol
Dependent variable Rural multidimensional value level \4
Independent variables | Population mobility P
Capital flow C
Information flow 1
Technology flow T

Where Vi is the lagged term, #; denotes the individual
(county-level) fixed effect, A; represents the time fixed effect,
&y is the error term, (Pi+ Ci;) represents the interaction
second-order, third-order, and fourth-

terms, including

order interactions.
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3.2.3 Spatial Durbin model

To systematically assess the spatial agglomeration and spillover
effects of factor flows on rural multidimensional value, this study
adopts the Spatial Durbin Model (SDM) (Mur and Angulo, 20065
Lee and Yu, 2016) for empirical analysis. The model includes
spatial lags of both dependent and independent variables, allowing
simultaneous estimation of local and neighboring spillover effects.
A spatial adjacency matrix based on contiguity was constructed
to define county-level spatial relationships. The model is specified
as follows:

Vit = pWYit + xie 8 + wxith + [4i + Ae + €i (3)

Where Vj; denotes the level of rural multidimensional value in
county i at time f; represents the vector of urban-rural factor flows,
including four dimensions: population, capital, information, and
technology; w is the spatial weight matrix; p captures the spatial
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lag effect of the dependent variable; 0 reflects the spatial spillover
effects of the explanatory variables; #4; and A; are region and time
fixed effects, controlling for unobserved spatial heterogeneity and
temporal shocks, respectively; ¢ is the error term.

3.3 Data sources

(1) Socio-economic data, including agricultural added value,
are from the Hunan Statistical Year book, Hunan Rural Statistical
Year book (2013-2023), and the Hunan Statistical Bulletin; (2)
intangible cultural heritage data are sourced from the China
Intangible Cultural Heritage Network and Digital Museum (https://
www.ihchina.cn/); (3) traditional village data come from the
Ministry of Housing and Urban-Rural Development’s List of
Traditional Chinese Villages for Protection; (4) “Beautiful Villages”
data are from the Hunan Department of Agriculture and Rural
Affairs’ provincial model village list; (5) vegetation coverage data
derive from China’s 250-meter resolution dataset (2000-2023) by
the National Tibetan Plateau Data Center; (6) the Digital Inclusive
Finance Index is provided by Peking University’s Digital Finance
Research Center.

To ensure comparability across indicators with different units
and scales, all quantitative variables were standardized. For
variables with skewed distributions, logarithmic transformation
was applied to reduce heteroscedasticity and improve normality.
Time series data underwent smoothing to mitigate short-term
fluctuations, and missing values were handled using linear
interpolation methods.

4 Results and analysis

4.1 Verification of factor synergy effects

Table 4 presents the estimation results of the dynamic panel
model. At the level of main effects, population mobility exerts
a significantly positive impact on rural multidimensional value
(Coeflicient = 0.199, p < 0.01), indicating that population
return plays a crucial role in replenishing rural labor, restoring
social capital, and reconstructing identity. In contrast, the main
effects of capital flow and technological support are statistically
insignificant, suggesting that their isolated impacts are insufficient
to drive value enhancement. Information connectivity shows a
significant negative coefficient at the 1% level, revealing a mismatch
between information input and the rural absorption capacity,
potentially due to issues such as information fragmentation,
resource misallocation, or institutional gaps.

Second-order interaction results show that Px C (population x
capital), PxI (population x information), and Px T (population x
technology) are all significantly positive at the 5% level, indicating
clear synergistic effects between population flow and other factors.
For instance, PxC has a coefficient of 0.164 (p < 0.001),
demonstrating that population return supported by capital boosts
rural industrial vitality and value output. PxT’s coefficient reaches
0.196, highlighting strong synergy that facilitates transformation
of production modes and rural social functions. However, some
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TABLE 4 Results of the dynamic panel model.

Term Coefficient  Robust Std. V4 P
Err
% 0.064 0.023 2.833 | 0.005**
P 0.199 0.061 3282 | 0.001*
C —0.035 0.060 —0.594 | 0.552
I —0.064 0.018 —3.505 | 0.000*
T —0.004 0.015 —0.241 | 0810
PxC 0.164 0.014 11.985 | 0.000%
PxI 0.135 0.062 2.172 0.030*
PxT 0.196 0.062 3151 | 0.002*
CxI —0.099 0.061 —1.636 | 0.102
CxT —0.039 0.061 —0.638 | 0.523
IxT —0.068 0.016 —4.148 0.000**
PxCxI 0.100 0.014 7.333 | 0.000**
PxCxT 0.160 0.018 9.017 | 0.000**
PxIxT 0.132 0.061 2.148 0.032*
CxIXT —0.103 0.060 —1.720 | 0.085
PXCXIXT 0.096 0.005 20.846 | 0.000%
*p < 0.05.
*p<0.01.

interaction terms—such as IxT (information x technology)—
are significantly negative, suggesting possible substitution effects
or inefficiencies. This implies that disproportionate technological
input without matching improvements in information access, or
vice versa, may cause resource misallocation and reduce marginal
returns, weakening the overall value-enhancing effect.

Furthermore, third-order and fourth-order interaction terms
were introduced to test the effects of multi-factor linkages. The
results show that the interaction terms PxCxI, PxCxT, PxIxT,
and the four-way interaction PxCxIxT are all significantly
positive at the 5% level or better. Notably, the coefficient
for PxCxIxT reaches 0.096 with the highest t-value (p <
0.001), indicating that the joint driving effect of population,
capital, information, and technology is the most significant.
This reveals a typical “multiplicative” structural reconstruction
mechanism, in which higher levels of synergy among factors
correspond to stronger impacts on rural multidimensional
value. According to resource integration and coupling theories,
interacting factors produce combined effects greater than their
sum, creating a multiplier that drives rural development by
enhancing coordination, innovation, and resource use. These
findings confirm Hypothesis H1.

4.2 Verification of spatial agglomeration
effects

To identify the spatial agglomeration characteristics of rural
multidimensional value and factor flows, this study constructed
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graded overlay maps using data from 2012, 2017, and 2022 to
visualize the spatial distribution of rural multidimensional value
and the intensity of various factor flows (Figure 3). The maps
reveal a certain degree of temporal and spatial coordination
between the two. From 2012 to 2022, the overall intensity of
factor flows in Hunan Province shifted from a “moderate-speed”
to a “high-speed” level, while the spatial pattern evolved from
In the
early stages, factor flows were primarily concentrated in the

»

« L oo» « . . .
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Chang-Zhu-Tan urban agglomeration and northeastern Hunan.
With the implementation of regional development policies and
improvements in transportation infrastructure, the central and
southwestern regions experienced a steady rise in factor flow
intensity, forming a multi-core flow pattern radiating from Chang-
Zhu-Tan to the north and south-central areas. Correspondingly,
rural multidimensional value also exhibited a continuous upward
trend, marked by a significant increase in the number of high-
value areas and a transition from scattered to clustered spatial
distribution. In 2012, high-value areas were mainly located
in the central-western part of Hunan. By 2017, these areas
had expanded to the northwest and southern parts of the
province. By 2022, multiple stable growth poles of high rural
value had emerged, covering a wide area with an increasingly
optimized hierarchical structure. These observations suggest a
preliminary spatial consistency between factor flows and rural
multidimensional value in terms of agglomeration.

Furthermore, a hot spot-cold spot analysis was conducted
to examine the spatial patterns of growth rates in rural
multidimensional value and factor flows across counties in Hunan
from 2012 to 2022 (Figure 4). The results show a strong alignment
between the hot spot regions of rural value growth and the regions
with high rates of factor flow change. These hot spots were mainly
located in the southern and southwestern parts of the province,
where flows of capital, information, and technology were also more

Frontiersin Sustainable Food Systems

07

dynamic. This suggests that active factor flows have significantly
contributed to the growth of rural multidimensional value. In
contrast, cold spots were primarily concentrated in central and
northern Hunan, which also showed relatively low rates of change
in capital flow, information exchange, and technical support,
indicating potential constraints in factor mobility that may hinder
rural value enhancement.

Finally, to further verify whether this agglomeration trend
is driven by factor flows, a Spatial Durbin Model (SDM) was
employed, incorporating various factor flow intensity variables
and their spatial lag terms. The results (Table 5) show that the
spatial lag coefficient (p) is significantly positive at the 1% level,
with the spatial lag terms for population and information flows
also being significant. This indicates that these two factors play
dominant roles in the spatial agglomeration mechanism. Overall,
the spatial evolution of rural multidimensional value in Hunan has
shifted from “dispersed growth” to “high-value clustering;” driven
by the frequent spatial flows and interactive coupling of population,
capital, and information. These findings provide empirical support
for Hypothesis H2.

4.3 Verification of spatial spillover effects

The regression results of the Spatial Durbin Model (Table 5)
indicate that the spatial autoregressive coeflicient (p) is 0.044,
significant at the 10% level, confirming the existence of spatial
dependence in the rural multidimensional value level across Hunan
Province. Regarding the spatial spillover effects of explanatory
variables, the coefficients of the spatial lag terms W xInP, WxInC
and W xInl are significant at the 5, 10, and 10% levels, respectively.
This suggests that rural population inflow, capital investment, and
information exchange exhibit significant spatial spillover effects.
Specifically, population inflow can indirectly benefit neighboring
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FIGURE 4

Change rate of technology flow.

Hot-cold Spot of the change rates of rural comprehensive value levels and factor flows in Hunan Province (2012-2022). (A) Change rate of rural
multidimensional value. (B) Change rate of rural population mobility. (C) Change rate of rural capital flow. (D) Change rate of information flow. (E)
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TABLE 5 SDM regression results.

‘ Variable Coefficient Standard Error ‘
InP —0.029% 0.009
InC 0.033** 0.010
InI 0.019* 0.006
InT 0.013* 0.019
WxInP 0.078* 0.034
WxInC 0.136* 0.062
W xInI 0.041* 0.052
W xInT 0.150 0.306
P 0.044* 0.196

*p < 0.05.

**p <0.01.

rural areas through financial remittances, the transfer of experience
and technology, and enhanced urban-rural interactions. Capital
flow contributes to rural infrastructure improvements and fosters
regional development through collaborative investment. The
spatial effect of information flow likely stems from its rapid
transmission and low spatial constraints. In contrast, the coefficient
of the spatial lag term for technology flow (WxInT) is not
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significant, implying that the spatial spillover effect of technology
is relatively weak, potentially due to difficulties in promoting
agricultural technologies across regions.

To more accurately assess the impact of spatial spillover effects
on the development of rural multidimensional value, the partial
differential decomposition method was employed to distinguish
direct, indirect, and total effects (Table 6). The direct effect of
population (InP) is significantly negative at the 10% level, while
the indirect effect is significantly positive at the 5% level. This
indicates that population mobility indirectly contributes to the
enhancement of rural value. Although rural depopulation may
reduce local labor supply, it can increase per capita resource
availability and promote land-use intensification. Moreover, a
portion of the population, such as government-assigned graduates,
grassroots officers, and technical personnel, may move from urban
to rural areas, where their integration with other production factors
contributes positively to rural development.

For capital (InC), the direct, indirect, and total effects are all
significant, suggesting that capital flow has a pronounced positive
impact on rural multidimensional value. Economic capital serves
as the foundation for rural development, and capital inflow into
rural areas significantly enhances economic, social, cultural, and
ecological values. In contrast, the direct effects of information (InI)
and technology (InT) are not significant; however, their indirect
effects are significantly positive at the 5% level. This implies
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TABLE 6 The effect of factor flows on rural multi-dimensional values.

Variable Direct effect Indirect effect Total effect
Coefficient Std. Error Coefficient Std. Error Coefficient Std. Error

InP —0.052* 0.010 0.030** 0.035 0.013* 0.049
InC 0.035** 0.008 0.153* 0.091 0.204* 0.077
InI 0.021 0.007 0.151% 0.077 0.171* 0.069
InT 0.028 0.036 0.220% 0.302 0.289% 0312

*p < 0.05.

p <001

that although information and technology alone may not directly
drive rural value enhancement, they can have an indirect effect
when integrated with other factors such as human capital and
financial resources. These results provide empirical support for
Hypothesis H3.

5 Discussion

This study advances the understanding of how factor mobility
influences rural multidimensional value by integrating dynamic
and spatial perspectives. Unlike prior research that analyzed
factors in isolation, the results reveal that rural transformation
is driven by high-order synergies among population, capital,
information, and technology. The significant four-way interaction
effect reflects a multiplicative mechanism, extending theoretical
frameworks beyond additive models and underscoring the
necessity of integrated factor governance. Spatial analysis further
indicates heterogeneity in factor effects: clustering of factor flows
generates high-value growth poles, while positive spillovers—
particularly from population and capital—facilitate the co-
evolution of rural value across regions. Similar patterns can
“Chiikki Okoshi
Kyorykutai” program in Japan and the Rural Integration Policy

be seen in international cases such as the

of the European Union (Michalcewicz-Kaniowska and Zajdel,
2019; Zollet and Qu, 2024). These plans similarly emphasize the
promotion of rural revitalization through the coordinated flow
of factors and the narrowing of the gap between urban and
rural areas.

From a long-term perspective, sustained factor mobility in
Hunan is likely to reinforce spatial clustering in core regions
and strengthen diffusion channels benefiting peripheral areas. If
current trends persist, high-value growth poles may consolidate
their regional leadership roles, fostering broader interconnection
among rural areas. However, without adjustments to balance factor
distribution, the process may also exacerbate spatial polarization.
These findings extend spatial development theory by linking factor
mobility to value diffusion dynamics and by demonstrating that
multi-factor interactions are central to understanding the temporal
and spatial trajectories of rural transformation.
should
be acknowledged. The use of composite indices may obscure

Despite these contributions, certain limitations

informal mechanisms such as social networks and cultural
capital. And some indicators derived from official statistics—e.g.,
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cultural

intangible cultural heritage,
vegetation

traditional villages, or
coverage—may underestimate informal
assets or micro-scale ecological changes. The spatial Durbin
model is also limited in capturing non-linear dynamics or
network-based interactions. Future research could integrate
spatial network analysis, agent-based modeling, household
surveys, or social network metrics
feedback

value transformation.

to explore dynamic

loops and micro-level processes driving rural

6 Conclusion

This study investigates the mechanisms by which factor
flows—namely population, capital, information, and technology—
influence the evolution of rural multi-dimensional value in Hunan
Province from 2012 to 2022. Using a dynamic panel model
and a spatial Durbin model, the study reveals the following
key findings:

(1) The enhancement of rural multi-dimensional value is
primarily driven by the interaction among multiple factor
flows. The results confirm that population mobility, when
combined with capital investment, technological application,
and information exchange, produces significant multiplicative
effects, with the four-way interaction (PxCxIxT) showing
the strongest positive impact.

(2) The spatial clustering of factor flows—especially population
and capital—plays a crucial role in forming regional value
growth poles. High-value rural areas tend to emerge in regions
with strong industrial bases and infrastructure, such as the
Chang-Zhu-Tan urban agglomeration and the Dong ting
Lake Plain.

(3) Factor flows not only enhance local rural value but also
generate significant positive spillovers across adjacent regions.
Spatial lag terms in the Durbin model show that population
return, capital inflows, and information diffusion contribute
to interregional value co-evolution. However, the spillover
effect of technology remains limited, likely due to institutional
barriers and localization of application.

(4) The findings suggest a three-layered mechanism in
which synergy among factors builds the value foundation,
agglomeration shapes spatial concentration, and spillovers
facilitate cross-regional diffusion. Together, these mechanisms
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construct a dynamic pathway for rural value enhancement in
the context of urban-rural integration.

Based on the research findings and the practical needs of rural
revitalization in Hunan Province, several policy recommendations
are proposed. First, a systematic mechanism should be established
to promote the return of key production factors—such as
capital, talent, information, and technology—from urban to
rural areas. These factors need to be effectively embedded
and transformed into high-value local assets through industrial
alignment and institutional support, fostering a shift toward
innovation-driven rural development. Second, core areas such
as the Chang-Zhu-Tan urban agglomeration and the Dong
ting Lake Plain should serve as spatial anchors to drive rural
value through spillover effects. Enhancing public services, digital
infrastructure, and governance capacity in these regions will
further strengthen their role as growth poles. Third, inter-regional
coordination should be improved to build a unified urban-
rural factor market. Strengthening cross-regional cooperation in
industry, knowledge, and talent flows will support integrated
development and a multi-nodal rural network. Finally, region-
specific development strategies should be adopted. The Chang-
Zhu-Tan area may focus on innovation and integration, the
Dongping Lake region on ecological agriculture, and remote
areas such as the Wuling Mountains and southern Hunan on
public service improvement and the utilization of cultural-
ecological resources.
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