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Abstract

As a typical human-nature coupled region, the coordination between the agricultural re-
source—environment system and regional development in the Fujian-Taiwan region is cru-
cial for sustainable development. However, the underlying mechanisms and scale heter-
ogeneity of this relationship remain unclear. This study employed a comprehensive eval-
uation approach to assess Agricultural Resource and Environmental Carrying Capacity
(ARECC) and Regional Development Level (RDL) in the Fujian-Taiwan region in 2010,
2015, and 2019. A Coupling Coordination Degree (CCD) model was used to quantify the
coordination relationship, while a geographical detector was applied to identify influenc-
ing factors at multiple scales. The main findings are as follows: (1) ARECC in Fujian in-
creased gradually (average value: 0.046 — 0.052 — 0.075), whereas Taiwan exhibited a
decline followed by recovery (average value: 0.449 — 0.408 — 0.491), with overall levels
remaining higher than those of Fujian. RDL in Fujian was generally higher than that in
Taiwan (average value: 0.260 > 0.212), and the average growth rate of Taiwan’s counties
and cities was lower than that of Fujian (10.42% < 16.62%). (2) Overall, Fujian maintained
a comparatively balanced relationship between ARECC and RDL, with maladjustment
occurring only in Nanping City. In contrast, Taiwan experienced a substantially higher
degree of maladjustment, with 40.90% of its counties and cities falling into maladjusted
categories. Spatially, CCD in Fujian displayed a gradient decline from Fuzhou toward the
southern, northern, and western regions, while high- and low-value areas in Taiwan were
interspersed. (3) The coupling coordination mechanism exhibited significant scale heter-
ogeneity, and corresponding differentiated regulation strategies were proposed. These
findings contribute to a deeper understanding of the coordination mechanisms between
ARECC and RDL in the Fujian-Taiwan region and provide references for promoting
cross-regional agricultural collaboration and sustainable development.

Keywords: coupling coordination model; geographical detector; coordination mecha-
nism; zonal optimization; Fujian and Taiwan
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1. Introduction

In the process of rapid regional development, agricultural resource—environment are
not only recipients of increasing pressures but also fundamental elements underpinning
regional economic and social development [1,2]. The agricultural ecological environment
provides crucial ecosystem services—such as water conservation, soil retention, local cli-
mate regulation, and disaster risk reduction—and thus plays an important supporting
role in regional development [3]. However, in many regions experiencing rapid economic
growth and population expansion, such as Central Asia and China, agricultural resources
essential for food production—particularly water and land —are becoming increasingly
scarce [4-6]. With the United Nations Sustainable Development Goals (SDGs) setting the
objective of achieving food security and promoting sustainable agriculture (SDG2) [7], in-
creasing attention has been paid to the interdependence among environmental protection,
economic growth, and social well-being [8]. Since 1978, China has achieved remarkable
economic growth and large-scale industrialization and urbanization. The intensification
of resource and spatial exploitation has also resulted in reductions in cropland area and
increasing water scarcity [9], thereby posing threats to China’s ecological security, re-
source security, and food security [10]. This phenomenon is particularly pronounced in
the developed coastal regions of southeastern China, where large populations coexist with
limited available arable land [11]. In this region, severe land scarcity and ecological vul-
nerability mean that ARECC has become a critical bottleneck constraining further regional
development. Changes in this capacity affect not only agricultural productivity but also
urban expansion, industrial development, and population agglomeration [12]. The hu-
man-land system is defined as a complex adaptive system arising from the dynamic in-
teractions between human activities and the geographical environment [13]. Achieving a
dynamic balance between socioeconomic development and the protection of agricultural
resource—environment aligns with the core tenets of research on human-land systems and
regional sustainability. Therefore, an in-depth analysis of the coordination between the
agricultural resource—environment system and regional development is of significant
practical relevance and academic value.

Agricultural resource—environment underpin regional development by providing
essential support through food supply and ecosystem services. Owing to pronounced in-
tra-national disparities in development and resource endowments in China, ensuring re-
liable supplies of energy, water, and food has become a central challenge for regional so-
cioeconomic development [14]. Fundamentally, farmland protection represents a critical
pathway for safeguarding food security, social stability, and sustainable development
[15]. The impacts of regional development on agricultural resource-environment are in-
herently nonlinear. For example, infrastructure development is widely recognized as a
key driver of regional economic growth and sustainability [16]. However, infrastructure
expansion— particularly road construction—can adversely affect the sustainability of ag-
ricultural land by occupying cropland and high-quality soils, thereby reducing food pro-
duction and disrupting agro-ecosystem balance [17]. Similarly, the rapidly increasing de-
mand for food driven by population growth in China has stimulated the expansion of
agricultural land [18]. Nevertheless, the combined effects of population growth and eco-
nomic expansion on changes in agricultural land use have exacerbated the loss of farm-
land ecosystem services [19]. Natural resources are indispensable to human well-being
[20]; however, economic growth and improvements in human well-being have often been
achieved at the cost of rapidly increasing natural resource use [21]. The integration of ag-
ricultural economic development with environmental protection can advance sustainable
development in China, thereby fostering a balanced trajectory among economic growth,
social well-being, and environmental conservation [22].
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The agricultural resource—environment system is composed of resource subsystems
(e.g., cultivated land, water) and environmental subsystems (e.g., climate, soil quality,
natural disasters), with its carrying capacity reflecting the balance threshold between ag-
ricultural activities and the resource—environment system. Some scholars have applied
coupling coordination models to study the relationships between resource and environ-
mental carrying capacity (RECC) and regional economy [23], water resources, socio-econ-
omy and the ecological environment [24], urbanization and the ecological environment
[25,26]; ecosystem resilience and regional economy [27]; as well as water resource carrying
capacity and high-quality urban economic development [28]. However, there is still a lack
of research on the coupling and coordination between the agricultural resource-environ-
ment system and the regional development system, including the identification of key
influencing factors and the analysis of their mechanisms of interaction. The main methods
for identifying influencing factors include the geographical detector [29], random-effects
panel Tobit model [30], obstacle degree model [31], linear regression model [32], and Ge-
ographic spatiotemporal weighted model [33]. However, existing studies remain limited
in revealing the heterogeneity of influencing factors across spatial scales, leading to an
incomplete understanding of regional differences. The geographical detector, which does
not rely on linear assumptions, excels in revealing spatial heterogeneity and detecting fac-
tor interactions. These advantages make it particularly suitable for spatial causal identifi-
cation and the determination of dominant factors in coupling coordination mechanisms
[34]. Regarding the optimization of coordination, some scholars have identified influenc-
ing factors to propose targeted strategies for coordinating RECC with regional economic
development [23], while others have recommended differentiated strategies of “classified
measures + coordinated development” for balancing ecosystem resilience and regional
economy [27]. Additionally, scholars have proposed countermeasures at micro-, meso-,
and macro-levels based on changes in the coordination between urbanization and the eco-
logical environment [26]. However, optimization strategies for different types of coordi-
nation zones have not yet been established, which are essential for promoting efficient
resource allocation and strengthening regional complementarity to achieve classified gov-
ernance.

The Fujian-Taiwan region is located in the economically developed coastal area of
southeastern China. Fujian and Taiwan share geographical proximity, similar climatic
conditions, and comparable agricultural resource endowments, while exhibiting substan-
tial differences in economic development levels, resource utilization patterns, and re-
gional development pathways. These similarities and contrasts provide an ideal setting
for examining the coordination relationship between ARECC and RDL under different
development models. Therefore, the Fujian-Taiwan region serves as a representative and
meaningful case for this study. In contrast to existing studies that predominantly empha-
size national scales, various administrative units, or comparative analyses of mountain—
plain and coastal areas [29,30,35,36], systematic research focusing on the Fujian-Taiwan
region remains relatively limited. Earlier investigations primarily focused on comparisons
of cultivated land [37], construction land [38], and ecological sustainability [39] between
Fujian and Taiwan, and subsequently expanded to topics such as the coupling between
urbanization quality and ecological environmental stress [40], as well as inequalities in
urban development [41].

In summary, existing studies have provided a solid theoretical and methodological
foundation for analyzing the coordination between agricultural resource—environment
systems and regional development systems, yet notable gaps remain in cross-regional
comparisons and in-depth investigations. First, existing comparative studies on the Fu-
jlan-Taiwan region have mainly focused on the coupling relationship between urbaniza-
tion quality and ecological environmental pressure [40], while relatively limited attention
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has been paid to the coordination between ARECC and regional development, and a sys-
tematic analytical framework has yet to be established. Second, although separate evalu-
ations of Resource and Environmental Carrying Capacity (RECC) and RDL have been
conducted in Fujian and Taiwan [42—44], comparative studies examining the coupling and
coordination relationship between these two systems across regions remain scarce, par-
ticularly quantitative assessments at the Fujian-Taiwan regional scale. Third, most exist-
ing studies have focused on analyses at the overall regional scale and have paid insuffi-
cient attention to spatial heterogeneity among different types of regions. As a result, a
multi-scale framework integrating the overall, coordination zones and maladjustment
zones has not yet been developed, limiting the understanding of heterogeneous driving
mechanisms across spatial levels. Finally, research on differentiated regulation strategies
for coordinated and maladjusted areas remains relatively limited, and a systematic policy
optimization pathway that simultaneously considers regional characteristics and devel-
opmental-stage differences has yet to be established.

Building on this, the study selects the Fujian-Taiwan region as a representative case,
and establishes an analytical framework to assess the coupling and coordination stages
between agricultural resource—environment systems and regional development systems,
identify influencing factors across multiple scales (overall —coordination zone—malad-
justment zone), and reveal their underlying mechanisms, on which basis zonal optimiza-
tion strategies are proposed. This study addresses the following research questions: (1)
How have ARECC and RDL evolved across space and time in the Fujian-Taiwan region?
(2) What is the degree of coupling and coordination between ARECC and RDL, and how
does it differ between Fujian and Taiwan? (3) Which factors exert the most significant in-
fluence on coupling coordination at different spatial scales? (4) How do the driving mech-
anisms differ between coordination zones and maladjustment zones? The study consists
of the following components: (1) applying a comprehensive analysis method to quantita-
tively evaluate ARECC and RDL in Fujian and Taiwan, and to uncover the spatiotemporal
differentiation of their coupling levels; (2) employing a coupling coordination model to
analyze the interaction intensity between agricultural resource—environment systems and
regional development systems in Fujian and Taiwan; (3) utilizing the geographical detec-
tor approach to identify influencing factors across three scales—entire region, coordina-
tion zones, and maladjustment zones; (4) on this basis, summarizing the coordination
mechanisms between agricultural resource-environment systems and regional develop-
ment systems in Fujian and Taiwan, and proposing targeted optimization and regulation
strategies for different zones. The findings aim to guide the optimal allocation of agricul-
tural resources, strengthen environmental protection, and promote high-quality regional
development, thereby offering practical insights into exploring cooperative agricultural
development pathways and sustainable regional development models for Fujian and Tai-
wan (Figure 1).
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Figure 1. Research framework.
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Fujian (115°50'-120°43" E, 23°32'-28°19' N) is located along the southeastern coast of
China. It covers a land area of 121,400 km? and is characterized by prominent ecological

vulnerability. Approximately 89% of the province consists of mountainous and hilly ter-

rain, with thin and erosion-prone soil layers; the region experiences uneven precipitation,

frequent heavy rainfall, and typhoons, leading to recurrent flood and drought disasters;

the soil is generally poor in fertility, and the ecological system exhibits low stability. As of

2023, the administrative structure includes one sub-provincial city, eight prefecture-level

cities, and the Pingtan Comprehensive Experimental Zone (Figure 2). The gross output
value of agriculture, forestry, animal husbandry, and fishery reached 585.49 billion CNY
(+3.40% YoY). The grain cultivation area was 844.41 x 10° ha (+0.39% YoY), with a total
grain output of 5.14 x 106 t (+0.70% YoY).

There are pronounced regional economic disparities within Fujian. Coastal areas—

including Xiamen, Fuzhou, and four other cities—account for one-third of the province’s
land area but are home to 81.47% of the population and contribute 84.19% of the GDP (the
provincial GDP in 2023 was 5.78 trillion CNY). In contrast, the three inland cities house
only 18.53% of the population and account for 15.81% of the GDP.
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Figure 2. Location map of the study area.

2.1.2. Overview of Taiwan

Taiwan (119°11'03"-124°34'30" E, 21°45'25"-25°56'30" N) is situated on the eastern
side of the Taiwan Strait, facing mainland China across the sea, with a land area of ap-
proximately 36,000 km?. The terrain is predominantly mountainous and hilly, accounting
for about two-thirds of the total area, while flatlands and basins are limited and scattered.
The island is geologically active, frequently experiencing earthquakes, typhoons, and
flood disasters. As of 2023, Taiwan comprised six directly governed municipalities, thir-
teen counties, and three county-administered cities (Figure 2). The total output value of
agriculture, forestry, animal husbandry, and fishery amounted to 123.74 billion CNY
(+3.59% YoY). The rice cultivation area was 222 x10° ha (-7.11% YoY), and rice output
totaled 1.46 x10¢ t (-7.36% YoY).

Development across the island is uneven, with the north dominated by high-tech in-
dustries and the service sector, while the south is concentrated with traditional industries.
Population is densely concentrated in the north and sparse in the south, leading to a high
concentration of public resources in the northern region [45]. In 2023, Taiwan’s GDP was
525.05 billion CNY, with a resident population of 23.75 million.

Fujian and Taiwan naturally share ecologically and culturally homologous resources,
while differing in regional development stages, driving forces, and socioeconomic sys-
tems, making them a representative area for studying the evolution of human-natural
coupled systems. Investigating the coordination between the agricultural resource—envi-
ronment system and regional development in Fujian and Taiwan is of great significance
for ensuring regional food and ecological security. It also provides a scientific basis for
exploring pathways to coordinated agricultural development and sustainable regional de-
velopment models between Fujian and Taiwan.

2.2. Research Methods
2.2.1. Data Acquisition

https://doi.org/10.3390/land 15071156
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Given the substantial disruptions caused by the COVID-19 pandemic after 2019, this
study selected 2019 as the endpoint of analysis in order to examine the coupling and co-
ordination relationship between ARECC and RDL under pre-pandemic conditions. Ac-
cordingly, the years 2010, 2015, and 2019 were chosen as the observation periods for the
analysis. The spatial data used in this study include: (1) Spatial data: Soil data were ob-
tained from the Institute of Soil Science, Chinese Academy of Sciences, and the National
Tibetan Plateau Data Center (http://data.tpdc.ac.cn/); Digital Elevation Model (DEM) data
were retrieved from the Geospatial Data Cloud (http://www.gscloud.cn/); Temperature,
precipitation, and atmospheric environmental data were collected from historical records
of meteorological stations in Fujian and Taiwan; Total water resource data were obtained
from the Water Resources Bulletin of Fujian and Taiwan for the years 2010, 2015, and 2019.
(2) Socioeconomic statistical data: These data were derived from the Statistical Yearbooks
and Statistical Communiqués of Fujian’s administrative divisions for the years 2010, 2015,
and 2019, as well as from Taiwan’s Statistical Yearbook and the Statistical Abstract of Ur-
ban and Regional Development.

These datasets provide comprehensive indicators related to agriculture, population,
economic output, and regional development, which form the foundation for the subse-
quent analysis.

2.2.2. Evaluation of ARECC

In 2020, China’s Ministry of Natural Resources issued the Guidelines for the Evalua-
tion of Resource and Environmental Carrying Capacity and Land Development Suitabil-
ity (Trial) (hereinafter referred to as the “Double Evaluation”), which established the ob-
jective assessment of resource and environmental carrying capacity as a fundamental ba-
sis for territorial spatial planning, the improvement of spatial governance, and regional
development [46]. The evaluation index system for ARECC in this study was developed
based on the technical framework of the Territorial Spatial Planning “Dual Evaluation”
system. It primarily reflects the resource endowment conditions and environmental con-
straints that support agricultural production, including topography, soil, climate, water
resources, and agrometeorological disasters, thereby characterizing the potential for agri-
cultural production and the resource—environment support capacity of a region. In addi-
tion, drawing on previous studies conducted in the mountainous and hilly regions of
southern China, several indicators were appropriately adjusted to better suit the study
area. The evaluation was then carried out at the county level (Table 1). The integrated
evaluation method is a key approach for comprehensively assessing ARECC within the
“Dual Evaluation” framework. It enables the integration of multidimensional infor-
mation, including resource endowments, environmental constraints, and agricultural pro-
duction conditions, thereby providing a comprehensive representation of regional
ARECC. Compared with evaluations based on individual indicators, the integrated ap-
proach effectively reduces the one-sidedness of assessment results and enhances their sys-
tematicity and comprehensiveness. Moreover, this method is consistent with the technical
specifications of the “Dual Evaluation” framework, ensuring strong scientific rigor, au-
thority, and regional comparability. It also provides a unified composite evaluation result
for subsequent coupling—coordination analysis. The specific methods are as follows:

Land resources: Based on slope classification and combined with soil texture, the
evaluation results of land resources are integrated and divided into five grades: high, rel-
atively high, medium, relatively low, and low. Areas with a silt content >80% were directly
assigned the lowest level. For areas with silt content between 60% and 80%, the land re-
source evaluation grade is determined by reducing the slope grade by one level.

Water resources: The final classification of water resource carrying capacity was de-
termined by selecting the higher of two indicators—annual precipitation and available
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water resources. Five grades were defined: abundant, relatively abundant, moderate, rel-
atively scarce, and scarce.

Natural disasters: Following the “Double Evaluation” methodology and considering
the actual meteorological conditions in Fujian and Taiwan, three major meteorological
disaster types were selected: heavy rainfall and flooding, heat stress, and strong wind
events. Historical records of these events were compiled. The annual frequency of each
disaster type was calculated based on long-term observational data, and regions were
classified into five levels according to the occurrence frequency: <20%, (20%, 40%], (40%,
60%], (60%, 80%], and >80%.

Table 1. Evaluation system for ARECC.

Evaluation Ele-

ment Indicator Classification Criteria and Processing Method

Based on the actual terrain conditions in southern China, and referencing existing
research [47]. Slopes are divided into 4 levels: [0, 6°), [6°, 15°), [15°, 25°), >25°.
Soil Texture  Classified into 4 grades based on silt content: <40%, [40%, 60%), [60%, 80%), 280%.
Precipitation = Grid data of multi-year average precipitation obtained using spatial interpolation.

Land Resources Slope

The maximum water volume available for socioeconomic systems outside river
channels (calculated as non-repeating water volume) is divided into 5 grades:
abundant, relatively abundant, moderate, relatively scarce, scarce.

Water Resources Water Resource
Availability

Statistics of active accumulated temperatures 20 °C, spatially interpolated and ad-
Accumulated justed by altitude (based on a temperature lapse rate of 0.6 °C per 100 m increase in
Temperature altitude), divided into 5 grades: good, relatively good, moderate, relatively poor,
poor.

Climate

Agro-environ- Based on soil organic matter content from the China Soil Organic Matter Database,

Soil Fertilit
Y soil environmental capacity is reclassified into grades 1-5.

ment

A station’s daily precipitation > 250 mm or 2-day precipitation > 350 mm is

Rainstorm & . ) . . .
counted as one rainstorm event; a year with one or more rainstorm events is classi-

Floodin . .
& fied as a rainstorm year.

A location (station) with a daily maximum temperature 235 °C for 3 or more con-
Natural Disas- High Tempera- secutive days, or 235 °C for 2 consecutive days with one day 238 °C, is counted as
ters ture Events  one high-temperature event; a year with 3 or more high-temperature events or 30

or more high-temperature days is classified as a high-temperature year.

A day with instantaneous wind speed 217.0 m/s is counted as a windy day, and
>24.5 m/s as a gale day; a year with 30 or more windy days or one gale day is clas-
sified as a wind disaster year.

Strong Wind Dis-
aster

2.2.3. Evaluation of RDL

Based on previous studies [48-51], and considering the specific conditions of the Fu-
jlan-Taiwan region, this study constructs an evaluation index system for regional devel-
opment levels across four dimensions —population development, economic development,
infrastructure, and social well-being —by adhering to the principles of scientific rigor and
system integrity, commonality and transferability, as well as dynamism and coordination
(Table 2). A comprehensive evaluation method is then applied to systematically assess
regional development levels in Fujian and Taiwan for the years 2010, 2015, and 2019. The
entropy weight method was adopted because it determines indicator weights objectively
based on the information contained in the data, thereby reducing subjective bias and en-
hancing comparability across regions and years. This approach supports the construction
of a reliable RDL index. Given that social well-being data in Fujian Province are only rel-
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atively complete at the prefecture-level city scale during the study period, this study eval-
uates regional development levels using prefecture-level cities as the analytical units for
Fujian and municipalities/counties as the units for Taiwan.

Table 2. Evaluation system for RDL.

T
La:;,g:: Criterion Layer Indicator Layer Weight Attribute
B1. Regional popu-  Cl1. Year-end permanent population (persons) 0.054 positive
lation development C2. Population density (persons/km?) 0.067 positive
level C3. Natural population growth rate (%) 0.044 positive
C4. Outstanding loans of financial institutions (bil- 0.091 ositive
lion CNY) ' P
C5. Fiscal revenue per capita (CNY) 0.055 positive
C6. Employment ratio in secondary and tertiary 0.019 positive
sectors (%)
B2. Regional eco-  C7. Investment in industrial fixed assets (billion .
. 0.062 positive
nomic develop- CNY)
ment level C8. Sales of wholesale and retail trade (billion CNY) 0.043 positive
(9. Sales of accommodation and catering services 0.034 ositive
(billion CNY) ' P
C10. Highway freight volume (10,000 tons) 0.031 positive
C11. Total import & export volume (10,000 USD) 0.077 positive
C12. Unemployment rate (%) 0.030 negative
C13. Road mileage (km) 0.043 positive
C14. Number of motor V‘ehlcles per 1000 people 0.010 positive
(units)
A RDL B3. Regional infra- C15. Mobile phone subscriber penetration rate (%) 0.029 positive
' structure level ~ C16. Internet usage rate (via computer or other de- o
. 0.049 positive
vices) (%)
C17. Number of health technicians per 10,000 peo- 0.024 positive
ple (%)
C18. Disposable income of residents (CNY) 0.024 positive
C19. Engel’s coefficient (%) 0.020 positive
C20. Education, culture & entertainment share of "
. . 0.027 positive
living consumption (%)
C21. Proportion of education expenditure in gov- 0.019 positive
ernment budget (%)
. . C22. Proportion of environmental protection in 0.030 positive
B4. Regional social government budget (%)
welfare level ~ C23. Proportion of cultural expenditure in govern- 0.029 positive
ment budge (%)
C24. Number of public library collections (10,000 0.030 positive
volumes)
C25. Number of cultural and artistic events (1000 .
0.039 positive
events)
C26. Number of studensts ;2) special education (per- 0.021 positive

All the indicators involving exchange rates in the evaluation system are converted according to the
“Yearly Foreign Exchange Quotations of the Bank of China”
(https://sth.bankofchina.com/search/whpj/search_cn.jsp) accessed on 10 March 2021.
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2.2.4. Coupling Coordination Model

The coupling coordination model is used to describe the degree of interactive influ-
ence between two or more systems. It effectively reflects the level of mutual interaction
and influence between systems and can be used to assess whether the systems are devel-
oping harmoniously. This study employs the Coupling Coordination Degree (CCD)
model to characterize the level of coordinated development between ARECC and RDL,
thereby addressing the research question concerning the coordination relationship be-
tween agricultural resource-environment carrying capacity and regional development.
The calculation formulas are Equations (1)—(3).

— 51 %5 2
R GRS o
D=~CXT 2)
T=axS;+p*S, 3)

where S1is ARECC of Fujian and Taiwan; S2is RDL of Fujian and Taiwan; C is the coupling
degree, with a value range of [0, 1]. A larger C value indicates a stronger interaction and
mutual influence between the agricultural resource-environment system and regional de-
velopment system; T is the comprehensive evaluation index of both systems (agricultural
resources—environment system and regional development system); a and f are coeffi-
cients to be determined and are set as @ = § = 0.5. This specification is based on the as-
sumption of subsystem equivalence within the social-economic-natural complex system
theory, which posits that each subsystem plays an equally important role in regional sus-
tainable development; D is the CCD between the agricultural resource-environment sys-
tem and regional development system. In practice, C € (0, 1] and D € (0, 1). A higher D
value indicates a higher level of coordination between the agricultural resource-environ-
ment system and regional development system, whereas a lower D implies a weaker cou-
pling relationship.

Given that several RDL indicators were only available at the municipal level, the
county-level ARECC scores were aggregated to the municipal scale before calculating the
CCD, thereby ensuring spatial-scale consistency between the two subsystems.

Robustness and Uncertainty Analysis. To evaluate the robustness and uncertainty of
the coupling—coordination results, a sensitivity analysis was conducted with respect to the
weighting scheme. While keeping the indicator system unchanged, the weight coefficients
assigned to the agricultural resource—environment system and the regional development
system were adjusted (a = 0.4, 3 = 0.6; a = 0.6, 3 = 0.4), and the CCD was recalculated
accordingly.

Based on this model and following the classification approach proposed by Tan et al.
[52], the coupling relationship between the agricultural resource—environment system and
regional development system is categorized into ten types (Table 3). According to the es-
tablished CCD classification criteria, regions with CCD values of 0.8-0.9 are classified as
“good coordination”, while those with CCD values of 0.9-1.0 are classified as “high-qual-
ity coordination”, indicating a higher level of coordinated development between the two
subsystems.

Table 3. CCD and corresponding coordination types.

D-Value Range Coordination Type D-Value Range Coordination Type
E 1 Barel
0<D<0.1 Maladjusted xtre.me Y 0.5<D<0.6 Coordinated arey
Tvpe maladjusted Tvpe coordinated
01<D<0.2 P Severely 0.6<D<0.7 P Primary
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maladjusted coordination

02<D<03 Moderately 07<D<038 Intermediate
maladjusted coordination

03<D<04 Shghtly 0.8<D<09 Good coordination
maladjusted

04<D<05 Ne.ar 09<D<1 ngh—qual%ty coordi-
maladjusted nation

2.2.5. Identification of Influencing Factors

The geographical detector is a set of statistical methods used to detect spatial strati-
fied heterogeneity and to identify the underlying driving forces [53]. It includes four types
of detectors: factor detector, interaction detector, risk detector, and ecological detector.
The geographical detector method can quantitatively identify the explanatory power of
different influencing factors on the spatial differentiation of coupling coordination
through the g-statistic, without requiring strict statistical assumptions such as linear rela-
tionships or normal distributions. This makes it particularly suitable for analyzing the
complex nonlinear relationships that commonly exist within resource-environment and
regional development systems. In addition, the method can reveal interaction effects
among factors as well as patterns of spatial heterogeneity, which closely aligns with the
objective of this study to uncover the mechanisms underlying spatial differences in the
coupling coordination between ARECC and RDL. Therefore, the geographical detector
was adopted to investigate the driving factors influencing coupling coordination. This
analysis was conducted at three spatial scales: the entire Fujian-Taiwan region, coordi-
nated zones, and maladjusted zones.

(1) Factor Detector

The factor detector uses the g-value to measure the degree of spatial heterogeneity in
the dependent variable Y, and to assess the extent to which an independent factor X ex-
plains the spatial variation of Y [53]. The expression is given as Equation (4).

Yhe1Nnoi
P 4)

q=1-

where h =1, ..., L is the strata (i.e., classifications or partitions) of variable Y or factor X;
N, and N is the number of units in stratum /& and in the entire study area, respectively;
of and o2are the variances of Y within stratum h and the whole region, respectively; the
value of g ranges from 0 to 1, where a larger q indicates a stronger explanatory power of
the independent variable X for the spatial variation of Y, and vice versa.

(2) Interaction Detector

This method identifies the interaction between different risk factors (Xs), specifically
assessing whether the combined effect of two factors (X1 and Xz) enhances or weakens
their individual explanatory power for the dependent variable Y, or whether the factors
act independently. The evaluation process involves calculating the individual g-values of
X1 and Xz on Y, denoted as q(X1) and g(Xz), respectively. Then, the g-value of their interac-
tion, g(X1n X2), is calculated. By comparing g(X1), q(X2), and g(X1n X2), the nature of their
relationship can be determined. The interaction between two factors can be classified into
six types: independent, bi-factor enhancement, nonlinear enhancement, nonlinear weak-
ening, uni-factor nonlinear weakening and interaction [53].

3. Results and Analysis
3.1. Analysis of ARECC

Based on Table 1, the “Double Evaluation” integrated approach was applied to assess
the individual factors of ARECC in Fujian and Taiwan for the years 2010, 2015, and 2019,
and to synthesize the overall carrying capacity. The resulting raster outputs were then
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normalized by administrative units, with counties/districts as the zoning units in Fujian
and cities/counties as the zoning units in Taiwan.

During the study period, the ARECC in Fujian showed a slight improvement but
remained at a relatively low overall level, with small differences among the study units.
Dongshan County exhibited both the highest average carrying capacity and the largest
increase (+0.2322).

From the perspective of spatial distribution (Figure 3), ARECC in Fujian remained at
an overall medium-low level during the study period. Between 2010 and 2015, medium-
low-value areas were relatively concentrated, and medium-value areas gradually ex-
tended from the southeastern coast toward the southwest, exhibiting a “high in the south,
low in the north” pattern. Between 2015 and 2019, the distribution became more scattered,
with medium-value areas continuing to expand northward, while high-value areas ap-
peared only sporadically in Dongshan County of Zhangzhou City. In contrast, Taiwan’s
carrying capacity was overall significantly higher than that of Fujian. From 2010 to 2015,
medium-high value areas were continuously distributed over large regions, with high-
value areas mainly located in western and northern Taiwan, including Tainan City, Chiayi
County, as well as Taipei City and Keelung City, exhibiting a west-to-east decreasing spa-
tial gradient. Between 2015 and 2019, most study units reached relatively high levels, with
the concentration of medium-high and high-value areas further strengthened, and high-
value areas remaining focused in northern and western Taiwan.
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Figure 3. Spatial distribution of ARECC in Fujian and Taiwan in 2010, 2015, and 2019.

3.2. Spatiotemporal Patterns of RDL

Based on Table 2 and using a comprehensive evaluation method, the RDL of Fujian
and Taiwan in 2010, 2015, and 2019 were assessed.

According to Figure 4, overall, Fujian’s regional development level was higher than
that of Taiwan during the study period. Across the three time points, both Fujian and
Taiwan showed increases in regional development level, while Fujian recorded a higher
growth rate than Taiwan. Among the core cities, in Taiwan, Taipei City maintained a “sin-
gle-peak pattern,” recording the highest RDL across all three time points (average value:
0.437), while Chiayi County and Taitung County exhibited the lowest values. In Fujian,
Fuzhou City ranked second only to Taipei City (average value: 0.357), and experienced an
18.58% increase by 2019, surpassing other cities in Fujian and Taiwan. The southeastern
cities of Xiamen City and Quanzhou City in Fujian followed closely, with multi-year av-
erage values of 0.335 and 0.320, respectively, positioning them behind Taipei City and
Fuzhou City.
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Figure 4. Spatial distribution of RDL in Fujian and Taiwan in 2010, 2015, and 2019.
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Spatially, Taiwan exhibited a “tripolar” distribution of high-value clusters, with New
Taipei City and Taoyuan City in the north, Taichung City in the center, and Kaohsiung
City in the south forming three prominent regional development centers. This spatial con-
figuration began to take shape in the 1960s [54] and remained stable between 2010 and
2019, with all four cities showing steady growth and an average development increase of
11.47%. In Fujian, the top three cities in terms of development level —Fuzhou City, Xiamen
City, and Quanzhou City —were concentrated in the eastern and southeastern coastal ar-
eas. Notably, Sanming City in Fujian demonstrated remarkable growth over the past dec-
ade, rising from 0.173 in 2010 (+25.43%) to 0.312 in 2019 (+34.48%), ranking fourth after the
“Fuzhou-Xiamen-Quanzhou” cluster. Ningde City remained the city with the lowest de-
velopment level in Fujian. In Taiwan, counties with relatively low development levels
were located primarily in the central region (Nantou and Yunlin Counties), southern re-
gion (Pingtung, Penghu, and Chiayi Counties), eastern region (Hualien and Taitung
Counties), and the offshore Kinmen-Matsu area (Kinmen and Lienchiang Counties), col-
lectively forming extensive low-value zones along Taiwan’s eastern and central inland
areas.

3.3. Coupling Coordination Analysis Between Agricultural Resource—Environment System and
Regional Development System

Using the coupling coordination model and Excel, the CCD between ARECC and
RDL in Fujian and Taiwan for the years 2010, 2015, and 2019 were calculated (Figure 5).

As shown in Figure 5 and Table 3, during the study period, the coupling coordination
degree of cities in the Fujian-Taiwan region exhibited stage-specific variations, character-
ized by either fluctuations or slight increases across different time points. In terms of co-
ordination types, the overall degree of coupling maladjustment in Fujian was relatively
mild. Except for Nanping City, all other cities were classified as coordination types, indi-
cating a positive and mutually reinforcing interaction between the agricultural resource—
environment system and the regional development system. Spatially, the CCD in Fujian
peaked in Fuzhou City and Quanzhou City and gradually decreased toward the southern,
northern, and western regions. In contrast, the degree of coupling maladjustment in Tai-
wan was more pronounced than in Fujian. The area of coupling maladjustment zones was
substantial, with nearly half of the municipalities and counties classified as maladjustment
types. The spatial pattern exhibited “high in the north and south, sub-high in the central
region, and low in the transitional zones”: high-value areas were stably distributed in
northern and southern Taiwan, the central region formed sub-high-value zones, and the
transitional areas between north-central and central-south displayed low values.

According to Table 4, when the weights assigned to ARECC and RDL were adjusted
to 0.4:0.6 and 0.6:0.4, respectively, only minor changes were observed in the average CCD
values. Moreover, the regional coordination categories and overall spatial distribution
patterns remained largely unchanged. These results indicate that the model exhibits
strong robustness and reliability with respect to variations in weight settings.

Combining the evaluation results of ARECC and RDL in the Fujian-Taiwan region,
Taiwan exhibits a relatively high level of ARECC, while its RDL remains lower than that
of Fujian. This imbalance between ARECC and RDL constrains the improvement of cou-
pling coordination. In contrast, although Fujian’s overall ARECC is slightly lower than
that of Taiwan, its RDL has improved more rapidly, and a stronger synergistic relation-
ship has been maintained between ARECC and RDL. As a result, Fujian demonstrates a
higher CCD. These findings suggest that a higher level of ARECC does not necessarily
translate into a higher level of coordinated development. In recent years, Fujian has pro-
moted the synergistic advancement of agricultural resources and environmental protec-
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tion and regional development through policies such as agricultural modernization, eco-
logical civilization construction, and rural revitalization, thereby achieving a higher level
of coordination. By comparison, Taiwan’s advantages in agricultural resources and envi-
ronmental endowments have not been fully transformed into broader regional develop-
ment advantages, resulting in a certain degree of mismatch between ARECC and RDL.
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Figure 5. Spatial distribution of CCDs between agricultural resources—environment system and re-
gional development system in Fujian and Taiwan in 2010, 2015, and 2019.
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Table 4. Sensitivity analysis results.
D1 (0.5, 0.5) D2 (0.4, 0.6) D3 (0.6, 0.4)

2010

Taiwan 0.2663 3.53% 0.2757 —6.97% 0.2565

Fujian 0.2504 2.83% 0.2575 -5.65% 0.2430
2015

Taiwan 0.2567 2.97% 0.2644 -5.89% 0.2488

Fujian 0.2657 2.68% 0.2728 -5.36% 0.2582
2019

Taiwan 0.2807 3.30% 0.2899 —6.53% 0.2710

Fujian 0.3052 3.56% 0.3161 -7.06% 0.2938

3.4. Influencing Factors

The scores of each factor related to ARECC and RDL in Fujian and Taiwan were im-
ported into the geographical detector based on different regional scales. The model was
used to obtain the explanatory power (g-values) of each factor across the entire Fujian—
Taiwan region, as well as within areas classified as coupling coordinated zones and cou-
pling maladjusted zones between agricultural resources—environment system and re-
gional development system. Additionally, the interactive g-values between pairs of factors
were calculated. All detection factors passed significance tests at various confidence lev-
els.

3.4.1. Regional Scale: Entire Fujian and Taiwan

(1) Agricultural resource—environment system

At the overall spatial scale, Fujian and Taiwan exhibit distinct differences in the re-
source-development driving structures. For the agricultural resources and environment
system, Fujian is primarily driven by land resources (g = 0.822) and water resources (g =
0.427), while other factors contribute only marginally. Pairwise interactions among factors
display enhancing effects (Figure 6), indicating that soil and water conditions not only
directly determine Fujian’s coupling coordination level but also maintain a dominant role
when interacting with environmental conditions, disaster risks, and other elements. In
Taiwan, the agricultural environmental factor serves as the primary driver (g = 0.626), fol-
lowed by land resources (g = 0.452). Interactions among these factors generate multiplica-
tive effects (Figure 7), forming a dual-core “environment-land” driving structure (key in-
teraction g =0.979), demonstrating that coupling coordination in Taiwan is highly depend-
ent on the synergistic configuration of ecological environment and land resources.

Regarding the regional development system, Fujian exhibits a dual “economy-pop-
ulation” driving mechanism (C6 g = 0.635 > C5 g = 0.545; C3 g = 0.493), with relatively
balanced contributions at the criterion level (B1 = B2 > B3 = B4). Social well-being (B4) acts
as a leverage factor through the pathway “government investment — stimulation of eco-
nomic/population elements — enhancement of coordination” (Table 5). In contrast, Tai-
wan exhibits a “dual-weak” pattern, with only C9 (g =0.363), C1 (g = 0.359), and C10 (g =
0.346) serving as effective drivers. Contributions at the criterion level show a decreasing
trend and are all below 0.25, forming a shallow driving chain dominated by population,
logistics, and services, which is insufficient to support deep coupling coordination. Over-
all, Fujian relies on the synergistic advancement of soil-water conditions and multidimen-
sional development elements, whereas Taiwan depends on environmental sensitivity and
limited basic elements. Consequently, the pathways and effectiveness of promoting cou-
pling coordination between agricultural resource-environment and regional develop-
ment differ markedly between the two regions.
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Figure 6. Interaction effects of ARECC factors on the coupling coordination between agricultural
resources—environment system and regional development system across Fujian. (Different colors
represent the factors of ARECC, and the width of each ribbon indicates the strength of the interac-
tion effect. The numerical value displayed on each ribbon corresponds to the associated g-value).
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Figure 7. Interaction effects of ARECC on the coupling coordination between agricultural resources—
environment system and regional development system across Taiwan. (Different colors represent
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the factors of ARECC, and the width of each ribbon indicates the strength of the interaction effect.

The numerical value displayed on each ribbon corresponds to the associated g-value).

Table 5. Interactive detection results of each factor of RDL on the dominant factors of the coupling
and coordination of agricultural resources—environment system and regional development system

in the whole Fujian region.

Dominant Interaction Factors Interaction g-Value Interaction Type
CconC22 0.997 Two-factor enhancement
C13nC24 0.989 Two-factor enhancement
C24nC25 0.998 Two-factor enhancement

3.4.2. Coupling Coordination Zones

Within the coupling coordination zone, the dominant mechanisms in Fujian and Tai-
wan exhibit marked differences. For the agricultural resources and environment system,
Fujian shifts from an overall “soil-water-dominated” pattern to an “environment-domi-
nated” type, with the agricultural environment emerging as the primary factor (g = 0.607)
and land resources as secondary (g = 0.546). Pairwise interactions among factors generally
display enhancing effects (Figure 8), forming a dual-core “environment-land” collabora-
tive structure (interaction g = 0.904), which shapes the coordination pattern through the
combined influence of ecological constraints and basic carrying capacity.

In Taiwan, the system exhibits a “disaster-sensitive” characteristic, with natural dis-
asters serving as the absolute dominant factor (g = 0.696) and jointly forming the support-
ing system with land (g = 0.643), water resources (g = 0.581), and agricultural climate (g =
0.578). Interaction analysis (Figure 9) indicates that all factors exhibit nonlinear enhancing
effects, with interaction g values generally exceeding 0.85. Natural disasters maintain the
highest contribution across all interaction combinations, forming a radiative enhancement
network centered on disaster risk.

For the regional development system, the coupling coordination zone in Fujian ex-
hibits a dual-core “economy-livelihood” driving structure. Economic factors such as C6 (g
=0.529) and C9 (g =0.508), along with social well-being factors such as C18 (g =0.632) and
C26 (g =0.577), make prominent contributions. At the criterion level, B2 (g =0.399) and B4
(9=0.397) carry similar weights, forming a comprehensive driving structure in which pro-
ductive factors and livelihood protection collaboratively enhance coordination. Interac-
tions among these factors show significant strengthening effects (Table 6). In Taiwan, the
coupling coordination zone displays a “three-tier driving chain,” with overall driving
strength notably higher than at the overall scale. C8 (g = 0.674) and C13 (g = 0.636) serve
as the core drivers, while C10 (g = 0.596), C6 (g = 0.539), and C4 (g = 0.512) form the sec-
ondary driving group. At the criterion level, B3 (g = 0.440) contributes the most, exceeding
B2 (g =0.417) and B1 (g = 0.413). Notably, C5 (g = 0.036) contributes minimally, indicating
that under Taiwan’s market-dominated structure, the degree of agricultural product com-
mercialization and logistics efficiency serve as key levers for promoting coordination be-
tween the resource and development systems, while fiscal interventions play a limited
regulatory role.
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Figure 8. Interaction effects of ARECC on the coupling coordination between agricultural resources—
environment system and regional development system across Fujian’s coordinated zones. (Different
colors represent the factors of ARECC, and the width of each ribbon indicates the strength of the
interaction effect. The numerical value displayed on each ribbon corresponds to the associated g-
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Figure 9. Interaction effects of ARECC on the coupling coordination between agricultural resources—
environment system and regional development system across Taiwan’s coordinated zones. (Differ-
ent colors represent the factors of ARECC, and the width of each ribbon indicates the strength of the
interaction effect. The numerical value displayed on each ribbon corresponds to the associated g-

value).

Table 6. Interaction detection results of RDL factors on dominant factors in the coupled coordination

zones between agricultural resource-environment system and regional development system in Fu-

jian.
Dominant Interaction Factors Interaction g-Value Interaction Type
c5nC7 0.968 Two-factor enhancement
co6nC22 0.988 Two-factor enhancement
C7nC25 0.972 Two-factor enhancement
C13nC24 0.967 Two-factor enhancement
C22nC24 0.996 Two-factor enhancement

3.4.3. Coupling Maladjustment Zones

In the agricultural resource—environment system, only Nanping City in Fujian is clas-
sified as a coupling maladjustment zone. Its dominant factors remain concentrated in land
resources (q = 0.734) and water resources (g = 0.722), consistent with the overall spatial
results, indicating that insufficient soil and water conditions are the primary limiting fac-
tors. In Taiwan, the maladjustment zones form a composite “outlying islands—core city
belt” structure, including Penghu County, Kinmen County, Lienchiang County, and nine
counties along the north-south axis of the main island. The primary conflicts arise from
agricultural environmental degradation (g = 0.866) and land resource constraints (g =
0.692), compounded by agricultural disasters (g = 0.509), leading to coupling maladjust-
ment. Interaction analysis (Figure 10) indicates that combinations of disasters with land
and environmental factors exhibit the strongest nonlinear enhancement (interaction g =
0.951), forming a “resource degradation—disaster amplification” vicious cycle, which con-
stitutes the key mechanism underlying coupling disorder in Taiwan.

Regarding the regional development system, the primary pressure sources in
Nanping City, Fujian, are concentrated in social well-being and economic factors. C18 (g
=(0.762) serves as the strongest driver, followed by C5, C11, C6, and C12 (g values ranging
from 0.51 to 0.65). Infrastructure factors (C15, C16) contribute moderately, while popula-
tion density has a relatively weak impact. In Taiwan’s maladjustment zones, regional de-
velopment factors generally exhibit a “balanced weak influence” pattern, with individual
factor driving forces being relatively low. C7 (g = 0.438) and C17 (g = 0.375) show compar-
atively prominent effects. At the criterion level, social well-being B4 (g = 0.241) slightly
exceeds infrastructure B3 (g = 0.238) and economic level B2 (g = 0.217). Although interac-
tion effects are generally enhanced (Table 7), the weak single-factor driving forces are in-
sufficient to effectively compensate for the structural deficiencies of the agricultural re-
source—environment system. In particular, the limited ARECC in Keelung City, Taipei
City, Hsinchu City, Hsinchu County and the outlying islands, coupled with relatively
high development levels, creates a mismatch that underlies the observed coupling malad-
justment.

The interaction effects identified above reveal the dominant combinations of factors
influencing coupling coordination. Their underlying transmission mechanisms and re-
gional differences will be further discussed in Section 4.2.
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Figure 10. Interaction effects of ARECC factors on the maladjustment zones between agricultural
resource—environment system and regional development system in Taiwan. (Different colors repre-
sent the factors of ARECC, and the width of each ribbon indicates the strength of the interaction

effect. The numerical value displayed on each ribbon corresponds to the associated g-value).

Table 7. Interaction detection results of RDL factors on dominant factors in maladjustment zones

between agricultural resource-environment system and regional development system in Taiwan.

Dominant Interaction Factors Interaction g-Value Interaction Type
c2nC23 0.961 Two-factor enhancement
C10nC17 0.962 Two-factor enhancement
C13nC21 0.943 Two-factor enhancement
C18n C20 0.980 Two-factor enhancement

4. Discussion

4.1. Coupling Coordination Characteristics Between Agricultural Resource—Environment Sys-
tem and Regional Development System in Fujian and Taiwan

During the study period, the coupling coordination between the agricultural re-
source—environment system and the regional development system in the Fujian-Taiwan
region showed stage-specific variations, with coordination levels fluctuating or slightly
increasing across different time points. Liu and Xin [55] investigated the coupling and
coordinated development relationships among economy, science and technology, ecol-
ogy, resources, and social development (ESERS) across Chinese provinces. Their findings
indicated a shift toward positive coordination and balance in the eastern, central, and
western regions of China, which is consistent with the results of this study.

From the perspective of the social-economic-natural coupled ecosystem theory, most
cities in Fujian maintain a relatively high degree of coordination, primarily due to the
formation of stable positive feedback mechanisms among regional natural resources, in-
dustrial structure, and social development elements. However, Nanping City is the only
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city in Fujian exhibiting coupling maladjustment, where the system’s contradictions re-
flect a typical feedback coupling maladjustment caused by a mismatch between resource
endowment and development conversion efficiency within the coupled ecosystem.
Nanping City has a population density of only 129 persons/km?, less than half of the pro-
vincial average. Limited fiscal revenue results in insufficient infrastructure investment
and weak economic driving forces, which in turn constrains improvements in residents’
well-being. Although Nanping City enjoys favorable hydrothermal conditions, abundant
precipitation, and predominantly red soils suitable for various timber and economic crops
[56], its substantial resource base is constrained by a high proportion of mountainous and
hilly terrain, underdeveloped transportation, severe population outflow, and limited ca-
pacity to attract talent. Consequently, resource endowments cannot be effectively con-
verted into drivers of regional development [57]. This structural characteristic of “high
resources—low conversion-weak feedback” leads to coupling maladjustment between the
two systems, consistent with the path-dependent mechanisms highlighted in coupled eco-
system theory, where coupling maladjustment among internal system elements triggers
systemic feedback disruptions.

In contrast, nearly half of Taiwan’s cities fall within coupling maladjustment zones,
with mechanisms fundamentally different from those in Fujian. In the early stages of ag-
ricultural development, Taiwan possessed abundant agricultural resources and high
ARECC, with “production-oriented agriculture” sustaining regional economic growth for
an extended period. However, since the late 1960s, following the rise of industry, the pro-
duction structure, management practices, and functions of Taiwanese agriculture have
undergone substantial transformations [58]. Accompanying the rapid expansion of high-
tech industries such as semiconductors and mechanical automation, the Technology De-
velopment Program (TDP) promoted technological upgrading in emerging industries
[59], while the service sector also grew rapidly. Taiwan’s industrial structure has thus
evolved comprehensively toward secondary and tertiary industry dominance. The rela-
tive share of agriculture in the economy has steadily declined, with diversified value
chains such as leisure agriculture, experiential agriculture, and agricultural cultural ser-
vices gradually supplanting the traditional agricultural dominance. Against this back-
drop, a structural misalignment has emerged between the “high-resource baseline” of the
agricultural resource—environment system and the “highly urbanized-highly service-ori-
ented-highly technological” regional development system, resulting in low or even mal-
adjusted coupling coordination between the two systems. The correlation between re-
gional development and agricultural resource—environment has weakened or even decou-
pled, preventing agricultural resources from directly contributing to regional economic
growth as they do in Fujian, highlighting the complex interactive relationship between
regional development and agricultural resources and environment.

From the perspective of sustainable development system theory, the coordination
pattern in Fujian tends toward an internally synergistic “natural-economic—social” sys-
tem, where system coordination depends on the concurrent enhancement of resource base
support and industrial structure optimization. In contrast, Taiwan’s coupling mechanism
exhibits a “development degree excessively high—coordination insufficient” pattern, in
which the pace of regional economic development exceeds the carrying and regulatory
capacity of the agricultural resource-environment system, generating persistent struc-
tural coupling maladjustment. This explains why Taiwan’s overall CCD is lower than that
of Fujian.

4.2. Similarities and Differences in the Coupling Coordination Mechanism Between Agricultural
Resource—Environment System and Regional Development System in Fujian and Taiwan

(1) Agricultural resource—environment system

https://doi.org/10.3390/land15071156



Land 2026, 15, 1156

23 of 32

From the perspective of the agricultural resource—environment system, the mecha-
nisms underlying coupling coordination and coupling maladjustment differ significantly
between Fujian and Taiwan. In Fujian, coupling coordination is primarily driven by the
interaction between the agricultural environment and land subsystems. The underlying
mechanism is that a favorable agricultural ecological environment enhances land-use ef-
ficiency, while high-quality land resources provide a stable foundation for agricultural
production. By improving agricultural production potential, resource allocation effi-
ciency, and ecological support capacity, these two factors jointly strengthen the carrying
capacity of the agricultural resource-environment system and promote coordinated sys-
tem evolution.

In contrast, the coordination process in Taiwan is jointly dominated by disaster-re-
lated factors and land resources. Given the relative scarcity of land resources and the high
frequency of natural disasters in Taiwan, land development and utilization are continu-
ously constrained by disaster risks. Only when land-use intensity is dynamically matched
with disaster prevention and mitigation capacity can agricultural production stability and
ARECC be maintained. Consequently, a coordination pathway characterized by “disaster
constraints-land adaptation—system coordination” has emerged.

Correspondingly, coupling maladjustment in Fujian is mainly associated with defi-
ciencies in the land-water resource nexus, reflecting an imbalance between land resource
development and water resource availability. When agricultural expansion and land-use
demands exceed the region’s capacity to supply water resources, resource constraints be-
come increasingly pronounced, weakening the support capacity of the agricultural re-
source—environment system and undermining coordinated regional development. In Tai-
wan, however, maladjustment is primarily characterized by an environmental pressure—
oriented deficiency involving the agricultural environment and land subsystems. Inten-
sive land use, coupled with ecological and environmental constraints, places persistent
pressure on the resource—environment system, thereby reducing system resilience and
long-term sustainability. Overall, maladjustment in Fujian mainly reflects development
constraints arising from imbalances in resource allocation, whereas in Taiwan it is more
closely associated with the accumulation of ecological pressures under increasingly con-
strained environmental carrying capacity.

(2) Regional development system

Within the regional development system, coupling coordination in both Fujian and
Taiwan is driven primarily by regional economic development; however, the transmission
mechanisms differ substantially. In Fujian, coordinated development is mainly promoted
by the upgrading of the regional economic structure (B2), which further generates syner-
gistic effects through improvements in social welfare (B4). On the one hand, industrial
restructuring facilitates the concentration of resources in more efficient sectors, thereby
enhancing the quality of economic development. On the other hand, improvements in
public services and residents” well-being strengthen the inclusiveness and sustainability
of regional development. Together, these processes form a transmission pathway of “eco-
nomic upgrading-welfare improvement-coordination enhancement.”

In Taiwan, the coordination mechanism is characterized by a structure of “economic
dynamism-infrastructure support—coordinated development.” Market vitality, repre-
sented by wholesale and retail sales (B2), strengthens resource flows and industrial link-
ages, while well-developed transportation infrastructure (B3) reduces factor mobility
costs and improves regional accessibility. These effects jointly enhance the overall coordi-
nation of regional development. Therefore, coupling coordination in Taiwan relies more
heavily on the synergy between market economic activity and infrastructure networks.

The mechanisms underlying coupling maladjustment exhibit even greater differ-
ences between the two regions. In Fujian, maladjustment displays the characteristics of a
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structural and compound deficiency, whereby multiple subsystems —including economic
development, social welfare, and infrastructure —simultaneously exhibit relative weak-
nesses. These deficiencies reinforce one another, reducing resource allocation efficiency,
weakening development momentum, and ultimately diminishing the capacity of the re-
gional development system to support and respond to the agricultural resource—environ-
ment system. By contrast, the explanatory power of regional development factors in Tai-
wan is relatively balanced, reflecting a pattern of “balanced but weak influence” malad-
justment. In this case, no single factor constitutes the dominant constraint; rather, none of
the subsystems has developed sufficient comparative advantages or support capacity,
thereby limiting improvements in overall system coordination.

In summary, the differences in coupling coordination mechanisms between Fujian
and Taiwan stem from the combined effects of resource endowment conditions, ecological
and environmental constraints, economic structural characteristics, and path dependence
in development trajectories. Fujian’s coordinated evolution is more strongly driven by
improvements in resource allocation efficiency and industrial upgrading, whereas Taiwan
is more heavily influenced by the combined effects of land constraints, disaster risks, and
market network structures. These differences imply that the two regions should adopt
distinct optimization strategies to enhance the synergy between agricultural resource—en-
vironment carrying capacity and regional development. The coupling coordination and
maladjustment mechanisms between the agricultural resource-environment system and
regional development system in Fujian and Taiwan are illustrated in Figures 11 and 12:
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Figure 11. The coupling coordination mechanism between agricultural resource—environment sys-

tem and regional development system in Fujian.
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Figure 12. The coupling coordination mechanism between agricultural resource—environment sys-

tem and regional development system in Taiwan.

4.3. Zonal Optimization and Regulation Strategies
4.3.1. Optimization Strategies for Coordination Zones

Fujian should focus on maintaining a positive coupling between agricultural re-
source—environment and regional development. In terms of agricultural resource—envi-
ronment, high-standard farmland construction and soil improvement projects can be im-
plemented to promote intensive land use, while smart irrigation systems and water-sav-
ing agricultural technologies should be deployed to ensure a sustainable supply of land
and water resources. For ecological management, farmland ecological monitoring plat-
forms can be established, intelligent pest and disease control implemented, and ecological
compensation and soil and water conservation incentive mechanisms developed. Regard-
ing regional development, policies should support the integration of secondary and ter-
tiary industries with agriculture and agri-tourism, improve rural education, healthcare,
and cultural infrastructure, and establish science and technology innovation funds to pro-
mote agricultural mechanization and digital management, thereby strengthening agricul-
ture’s capacity to support regional development.

In Taiwan’s coordination zones, the agricultural resource—environment system is
sensitive to disasters. A comprehensive agricultural disaster monitoring and early warn-
ing system, crop insurance, and emergency response mechanisms should be established.
Additionally, measures such as reforestation on sloped and high-risk areas, soil and water
conservation, and demonstration of ecological agriculture should be promoted. For re-
gional development, the wholesale and retail sector and agricultural logistics networks
should be optimized, cold chain and transport hub facilities constructed, and the indus-
trialization of leisure agriculture and specialty agricultural products encouraged to en-
hance agriculture’s contribution to the regional economy.
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4.3.2. Regulation Strategies for Maladjustment Zones

In areas such as Nanping City in Fujian, the agricultural resource—environment sys-
tem is constrained by “land-water resources.” Land consolidation, renovation of farm-
land irrigation facilities, and upgrading of irrigation systems should be carried out, along-
side the promotion of high-yield, water-saving crop cultivation and ecological restoration
projects. For regional development, social welfare investment should be increased to raise
residents” disposable income, improve education and healthcare conditions, and support
the development of local secondary and tertiary industries. Information and communica-
tion infrastructure should also be constructed to enhance support for the agricultural re-
sources and environment system.

In Taiwan’s maladjustment zones, the agricultural resource-environment system is
primarily constrained by the “agricultural environment-land” nexus. Agricultural disas-
ter insurance and emergency response mechanisms should be established for high-risk
areas, while measures such as slope-based soil and water conservation, reforestation, eco-
logical agriculture, and soil improvement technologies should be promoted to enhance
environmental resilience. For regional development, emphasis should be placed on devel-
oping industry, transportation, logistics, and financial services, alongside infrastructure
enhancement projects. Integrating leisure agriculture with a high-tech industry layout can
facilitate synergistic development between agriculture and emerging industries, thereby
improving overall coupling coordination.

4.4. The Role of Institutional Environment and Development Context in Shaping Coordination
Patterns

One of the most notable findings of this study is that Taiwan exhibits a higher level
of ARECC, whereas Fujian achieves a higher CCD. This finding suggests that a higher
ARECC does not necessarily translate into a higher level of coordinated development.
Therefore, even regions with relatively limited agricultural resource endowments can at-
tain a high level of coordination, provided that resource utilization and regional develop-
ment progress in a more synchronized manner.

The differences observed between Fujian and Taiwan may also be associated with
their distinct institutional environments and policy contexts. In recent years, Fujian has
actively implemented strategies related to rural revitalization, agricultural moderniza-
tion, ecological civilization construction, and coordinated regional development. These
initiatives have promoted the deep integration of agricultural resources and environmen-
tal conservation with socioeconomic development, thereby strengthening the coordina-
tion between ARECC and RDL. In contrast, Taiwan benefits from relatively favorable ag-
ricultural resource endowments and ecological conditions, resulting in a higher ARECC.
However, the transformation of these resource advantages into broader regional develop-
ment outcomes is influenced by multiple factors, including agricultural structure, devel-
opment pathways, and governance mechanisms. Consequently, a higher carrying capac-
ity does not necessarily lead to superior coordination performance.

This finding indicates that while resource endowments provide the foundation for
sustainable development, institutional environments, policy implementation, and devel-
opment strategies play a crucial role in determining whether these advantages can be ef-
fectively translated into coordinated regional development outcomes.

4.5. Innovations, Limitations, and Future Directions

Compared with previous studies, the contributions of this study can be summarized
in three aspects. First, existing studies have largely treated ARECC and RDL as independ-
ent research domains, with limited attention paid to their interactions and co-evolutionary
mechanisms. From the perspective of the coordinated evolution of ARECC and RDL, this
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study develops a coupling—coordination analytical framework to reveal the dynamic in-
teractions between resource—environment constraints and regional development, thereby
enriching the theoretical understanding of the relationship between carrying capacity and
regional sustainable development. Second, by focusing on the Fujian-Taiwan region and
introducing a cross-regional comparative perspective, this study moves beyond the pre-
dominant focus on single regions or areas sharing similar institutional settings. It reveals
the heterogeneous characteristics and underlying mechanisms of coordinated develop-
ment under different institutional environments and resource endowment conditions,
providing new empirical evidence for cross-regional sustainability research. Third, to ad-
dress the limitation that existing studies generally identify influencing factors only at the
aggregate regional scale and thus fail to adequately capture spatial heterogeneity, this
study establishes a multi-scale analytical framework encompassing the overall, coordina-
tion zones and maladjustment zones. By integrating evaluation, measurement, diagnosis,
and regulation into a unified analytical process, the framework enables the precise iden-
tification and differentiated interpretation of driving factors across different regional
types, thereby providing methodological support for region-specific governance and
high-quality regional development.

Transferability and External Applicability of the Research Framework. Although this
study focuses on the Fujian—-Taiwan region, its implications extend beyond the specific
study area. The proposed coupling-coordination analytical framework integrates the as-
sessment of ARECC, the measurement of RDL, coupling—coordination analysis, and the
identification of driving factors, thereby providing a systematic approach for investigat-
ing the interactions between resource—environment constraints and regional develop-
ment. In particular, the multi-scale analytical framework encompassing the overall, coor-
dination zones and maladjustment zones enables the identification of key driving factors
and their heterogeneous effects across different spatial levels, providing a scientific basis
for differentiated regulation strategies. Consequently, the proposed framework is not only
applicable to the Fujian—Taiwan region but can also be extended to other regions facing
challenges in balancing resource-environment constraints with socioeconomic develop-
ment, especially coastal regions, island regions, cross-regional development zones, and
agricultural areas under considerable resource and environmental pressure. The findings
offer methodological references and policy insights for promoting the synergistic ad-
vancement of environmental protection and high-quality development in these regions.

Nevertheless, this study has several limitations that require further research: (1) Lim-
itations in data timeliness and continuity. Due to the difficulty of obtaining consistent
cross-departmental data, this study utilized only three cross-sectional datasets (2010, 2015,
and 2019). Although these observations are sufficient to capture the major trends and
overall patterns during the study period, they may not fully reflect the continuous long-
term evolutionary dynamics of ARECC and RDL. In addition, the analysis is limited to
the pre-pandemic period ending in 2019. Future research could incorporate more recent
post-pandemic data to continuously track and evaluate the dynamic evolution of ARECC
and RDL, thereby providing a more comprehensive understanding of their long-term in-
teractions and development trajectories. (2) Inconsistency in research scale. Although the
coupling—coordination analysis was conducted using municipal-level data to ensure con-
sistency between the two subsystems, the aggregation of county-level ARECC results to
the municipal scale may have reduced information on within-city heterogeneity, thereby
introducing potential aggregation and scale effects. Future studies could perform cou-
pling—coordination analyses at the county level when finer-scale socioeconomic data be-
come available, allowing for a more comprehensive examination of the spatial heteroge-
neity of coordinated development within regions. (3) Reliability of the geographical de-
tector analysis. After dividing the study area into coordinated and maladjusted regions,
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the number of samples within certain subgroups was reduced, which may have affected
the stability of the geographical detector results to some extent. Although the geograph-
ical detector is a nonparametric method with relatively low requirements regarding sam-
ple distributions and is well suited for identifying factors underlying spatial differentia-
tion, smaller sample sizes may increase the influence of individual observations on the g-
statistic. Therefore, the results of this study should primarily be interpreted as revealing
the relative explanatory power of influencing factors and their differential characteristics.
The related findings should be further validated using larger sample sizes and longer
time-series data in future research. (4) Weight specification of the model. Although the
sensitivity analysis demonstrated that the overall spatial distribution patterns and main
conclusions remained stable under different weight combinations, the relative importance
of the two subsystems may vary across regions and development stages. Therefore, alter-
native weighting schemes that incorporate expert knowledge, policy priorities, or data-
driven approaches may provide additional insights into the coupling relationship be-
tween the two systems. Future research could further explore dynamic and region-specific
weighting methods to better capture the evolving interactions between the agricultural
resource—environment system and regional development.

5. Conclusions

To investigate the coupling coordination mechanism between the agricultural re-
source—environment system and the regional development system in Fujian and Taiwan,
this study established a comparative analytical framework. Specifically, it applied a com-
prehensive analysis method to quantitatively evaluate ARECC and RDL, thereby reveal-
ing their spatiotemporal differentiation patterns; employed a coupling coordination
model to measure the degree of coordination between the two systems; and utilized the
geographical detector to identify influencing factors at multiple scales (entire region, co-
ordination zones, and maladjustment zones). On this basis, the study clarified the cou-
pling mechanism between the two systems and proposed region-specific optimization
and regulation strategies. The main findings are as follows:

1. During the study period, ARECC in Fujian showed a modest upward change, while
Taiwan experienced a decline followed by a pronounced recovery. Throughout the
study period, Taiwan maintained a significantly higher ARECC than Fujian. In terms
of RDL, Fujian generally outperformed Taiwan, with Fuzhou exhibiting the highest
value within Fujian. Although Taipei achieved the highest RDL across the entire Fu-
jlan-Taiwan region, its growth rate lagged behind that of Fujian.

2. Fujian generally exhibited a benign and promotive coupling-coordination relation-
ship, with only mild overall disequilibrium, whereas Taiwan experienced more se-
vere coupling disequilibrium, with nearly half of its cities and counties in an uncoor-
dinated state. Spatially, the CCD in Fujian peaked in Fuzhou and gradually declined
toward its southern, northern, and western areas, while in Taiwan, high- and low-
value zones were interwoven.

3. Multi-scale analysis of influencing factors indicates that the coupling coordination
mechanisms between agricultural resource—environment and regional development
systems in Fujian and Taiwan exhibit significant scale heterogeneity and system dif-
ferences. At the overall scale, coupling coordination in Fujian is primarily driven by
agricultural land and water resource conditions, together with economic factors rep-
resented by industrial employment and fiscal capacity, whereas Taiwan relies more
on the synergistic effects of agricultural environment-land resources and market-ori-
ented development factors such as commerce, trade, and transportation infrastruc-
ture. In the coupling coordination zones, Fujian exhibits a dual-system coordination
mechanism driven by the synergy between “agricultural environment-land carrying
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capacity” and “economic-social welfare,” while Taiwan displays a vulnerability-
driven coordination pathway dominated by “disaster-land constraints” and “com-
merce-transport networks.” In the coupling maladjustment zones, Fujian is primarily
constrained by land and water resources, compounded by insufficient social welfare
and economic scale, whereas Taiwan exhibits coupling maladjustment due to the
combined effects of agricultural environmental degradation, land constraints, and
weakly balanced driving forces from industrial and infrastructure factors. Therefore,
targeted zoning and optimization strategies for coordination and maladjustment
zones are proposed to achieve the goals of protecting resources and the environment,
ensuring food security, and promoting regional sustainable development.
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