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Abstract: Rural areas are undergoing a transformation, shifting from traditional agriculture
to green and leisure industries, driven by urban-rural imbalances and environmental
challenges. This transition, however, presents the growing conflicts between preserving
spatial features and promoting industrial development. Based on the unique rural spatial
typology of polders, this study integrated theories from cultural, landscape, ecological,
economic, and social perspectives to construct a conceptual framework of the interactive
relationship between spatial features (SFs) and industrial development (ID). Then, an
evaluation index system was constructed to measure the current status of SFs and ID,
using data from field surveys, satellite imagery, and 2020 yearbooks, with the Gaochun
Polder District, Nanjing (China), as the case study. Next, the coupling coordination de-
gree (CCD) model and a scenario analysis based on orthogonal design were applied to
assess the coherence and development between SFs and ID, and to identify strategies for
optimizing rural industrial development. The results show that (1) the current SFs and ID
are in the break-in and basic coordination stage, with ID lagging behind SFs, and (2) the
25 scenarios generated through orthogonal design were categorized into three groups: high-
level coordination with synchronization between the two systems, high-level coordination
but ID lagging behind SFs, and basic coordination where ID lags behind SFs. To achieve a
high-level coordination with synchronization, specific strategies were proposed to enhance
agricultural input-output benefits, improve agricultural scale-quality benefits, and, overall,
protect the SF system while making minor adjustments to the village dwelling subsystem.
Therefore, the findings provide recommendations for traditional polder villages to optimize
their rural industries while preserving the distinctive SFs of the rural cultural landscape.

Keywords: rural transition; polder-based spatial features; polder-based industrial development;
coupling coordination degree

1. Introduction

Polders are low-lying areas reclaimed from water, typically consisting of farms, dikes,
networks of rivers and canals, and rural settlements. These areas are commonly found in
flood-prone plains along rivers and lakes with well-developed river systems, showcasing
human ingenuity in water management and agricultural development [1]. As a unique
type of rural space, polder areas occupy a relatively small proportion of rural land but
hold special significance in water resource management, agricultural production, and
ecological conservation. They possess important ecological, economic, social, and cultural
values. The spatial features (SFs) of polder areas are shaped by interconnected elements
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such as water networks, land use (e.g., farmland, fish ponds), hydraulic infrastructure,
and ecological environments. These features serve as key carriers of the cultural and
ecological values of polder areas, forming the basis for their regional identity, recognition,
and development. Additionally, polder areas are distinct geographical units based on
artificial dike systems for flood control. Their industrial development (ID) is characterized
by water dependency, complexity, and vulnerability. Their industrial layout is closely
tied to hydraulic infrastructure, with traditional agriculture, aquaculture, and handicrafts
coexisting in a multi-sectoral system. However, the entire ecological-economic system is
susceptible to climate change and human activities.

Polders are distributed in countries such as the Netherlands, China, Bangladesh, and
Germany. Within these polders, rural spaces are undergoing profound socio-economic
transformations [2]. This process of rural development has been marked by changes
in agricultural production methods, land use patterns, economic conditions, and social
structures, along with a reduction in population density [3,4]. However, this development
has led to several challenges in rural spatial conservation, including the disappearance of
traditional village spaces and landscapes, the abandonment of homesteads, a reduction in
arable land [5], a fragmentation of agricultural landscapes [6], and a decline in ecological
carrying capacity [7]. For instance, the Netherlands faces challenges such as wetland
loss, water stress, insufficient technical and financial support for restructuring traditional
agricultural systems, population decline and aging, as well as difficulties in preserving
cultural heritage [8]. In addition to these issues, Germany grapples with uneven rural
development, reduced agricultural subsidies, environmental pollution, and ecological
degradation [9]. Furthermore, Bangladesh contends with rising sea levels and flooding, a
mono-structured agricultural sector, rural overpopulation, and inadequate infrastructure
and educational resources [10].

China faces challenges similar to those of developed European countries, including
rural population decline and aging, increasing pressure to transition traditional industries
to green industries, difficulties in preserving traditional culture and SFs, and ecological
degradation. Taking the Gaochun Polder District, China, as an example, due to individual
crab farmers’ reliance on offline transactions, losses are widespread, leading most farmers
to lease their polder fields to specialized cooperatives. This has resulted in over half
of the population migrating to cities for work, exacerbating rural depopulation and the
abandonment of residential areas [11]. Additionally, the concentrated production layout
has partially disrupted the original polder space and rural landscape. The blind expansion
and homogenization of high-economic-value aquaculture have caused water pollution,
reduced ecological resilience, and intense homogeneous competition. Meanwhile, leisure
industries, such as agritourism, are still small-scale and have failed to effectively drive the
transition of traditional agriculture to tertiary industries.

These intertwined issues have placed polder areas under dual pressures: the need
for industrial transformation and the risk of losing SFs and ecological degradation. In
this context, a core challenge has emerged: how to vigorously promote the transition
of traditional agriculture while minimizing the negative impacts of ID on SFs, thereby
achieving a balance between space and industry [12-14]. Research indicates that with-
out systematic intervention, the unique SFs and ecological values of polder areas may
suffer irreversible damage within years, jeopardizing long-term regional sustainable
development goals.

Previous studies on rural space have mainly focused on three dimensions: (1) Mor-
phological typology has focused on the quantitative analysis of settlement patterns [15],
spatial-temporal evolution in cropland use [16,17], and typological classifications for spatial
reconfiguration [18]. However, studies on polder landscapes remain limited to macro-scale
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distribution patterns [19], with insufficient attention to micro-scale hydrology-land use
interactions unique to polders. (2) Cultural landscape: scholars have decoded cultural
imprints in spatial forms and the spatial anchoring effects of ritual activities [20], examined
traditional farming wisdom in spatial organization [21], and analyzed socio-demographic
impacts on spatial textures and the spatial reproduction of conservancy as cultural sym-
bols [22]. Yet, a systematic framework for interpreting the cultural landscape heritage of
the “water—polder—settlement” is lacking, overlooking its role in shaping spatial evolution.
(3) Ecosystem dynamics: research highlights ecological drivers of landscape patterns [23],
evaluates conservation policies [24,25], and models agroecosystem services [26]. While the
Social-Ecological Systems (SES) framework has advanced our understanding of resilience
mechanisms in anthropogenic-natural hybrid ecosystems (e.g., polders) [27], its persistent
neglect of cultural-landscape dimensions prevents a holistic analysis of polders as truly
integrated “cultural-landscape-ecological continuum systems”.

Current research on rural industries can also be synthesized into three interrelated
dimensions: (1) Economic efficiency: studies focus on industrial restructuring, such as
efficiency gains from transitioning traditional agriculture to secondary and tertiary indus-
tries [28,29], and the effects of key factors like “manpower-land—capital” [7]. Yet systematic
quantification is lacking for polder-specific land—water-industry linkages (e.g., circular
agroecological systems). (2) Social-institutional dynamics: research examines policy-driven
effects, such as land transfer and subsidies for industrial clustering [30,31], but micro-
scale evidence is scarce on how polder multi-actor networks (water associations, farmers,
firms) shape industrial transitions. (3) Technological innovation: while digital technologies
(e-commerce, smart farming) reconfigure value chains [32,33] and coordinate water con-
servancy projects with industries [34], adaptive polder technologies (flood-resistant crops,
water-saving irrigation) and their socio-economic fit remain understudied.

Recently, the relationship between rural socio-economic development and spatial
protection has become a core issue in sustainable rural development. Studies on rural
space—industry interaction can be divided into two main aspects: (1) From a functional con-
figuration perspective, the proportions of rural production-life-ecology (PLE) spaces were
analyzed using the coupled coordination degree (CCD) [35]. For instance, Zhao, T. used
various methods, such as Spearman correlation analysis, spatial autocorrelation analysis,
and cold hotspot identification, to develop a regional evaluation model for PLE spaces [36].
(2) From a spatial governance perspective, Sun et al. studied the transformation mechanism
and interrelationship of “population, land, industry, and urban-rural relationships” in
rural areas, emphasizing the social relationship network and its intrinsic value in rural
space governance [37].

Regarding methodology, the CCD model, system dynamics model [38], entropy
weighting method [39], indicator evaluation system [40], spatial autocorrelation analy-
sis [36], and Kuznets curves [41] are frequently employed in studies investigating two
or more systems. The CCD model, in particular, is widely used to quantitatively assess
the synergistic effect within the system, measure the consistency and development lev-
els of two systems [42], and evaluate interactions, such as those between the economy
and the environment, urbanization and ecology, or regional development and resource
utilization. This model is valued for its simplicity, comprehensiveness, and intuitive re-
sults. For instance, Zhu, C. applied the CCD model to explore the interaction between
rural transformation and e-commerce, while using the Kuznets curve model to quantify
its impact on agricultural benefits [41]. Additionally, Ge, D. analyzed the evolutionary
characteristics of the coupled relationship between farmland utilization types and the rural
development status at the county and village levels, using the coupled conceptual model.
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Ge also explored the mechanisms of change in rural human-land relations and the coupled
regulation strategy [43].

To summarize, the existing studies have mostly adopted a single perspective, focusing
either on a rural spatial or industrial perspective, while limited attention has been given
to the interaction between rural spaces and industry, especially in unique rural contexts
like polder areas. Additionally, studies on rural space often emphasize morphological
typology [15,18], cultural landscapes [20,21], and ecosystems [23-26], yet few studies have
holistically integrated their cultural, landscape, and ecological values. Even fewer dissect
the distinct characteristics and significance of polder systems through their micro-scale
spatial components. Similarly, studies on rural industries focus on conventional economic
efficiency [7,28], social institutions [30,31], and technological innovation [32-34], but fail to
treat SFs—a resource embodying “culture-landscape-ecology” synergies—as a driver of
development. This oversight has led to insufficient research on the industrial expression of
SFs. Methodologically, few studies combine CCD models with scenario analysis (SA) for
predictive purposes.

Therefore, this research selects the Gaochun Polder District as a case study, an area
with distinctive natural and historical-cultural features but marked conflicts between ID
and SF conservation. The purpose of this paper is to investigate the coupling coordination
relationship between polder-based SFs and ID, proposing strategies to optimize ID while
preserving distinctive SFs. The study addresses the following core questions: (1) How
to quantitatively assess SFs and ID? (2) How to establish the relationship between SFs
and ID? (3) How to find the optimal balance between conservation and development,
promoting rural industrial transformation while preserving rural SFs? More specifically,
the research objectives are threefold: (1) To comprehensively evaluate the SF and ID systems
by establishing an indicator evaluation system, adopting an integrated subjective—objective
approach, and utilizing 2020 satellite imagery, survey data, and statistical data for the
Gaochun Polder District—assessing SFs from cultural and landscape perspectives, while
evaluating ID from economic and social dimensions. (2) To investigate the interactive
relationship between SF and ID systems using a coupling coordination degree model. (3) To
employ orthogonal matrices for scenario generation, combining the coupling coordination
model with scenario analysis to predict the evolution of SF-ID coupling coordination
relationships, ultimately formulating strategies to steer both systems toward high-level
coordinated and synchronous development scenarios.

The paper is structured as follows: Section 2 introduces the research object and data
sources. Section 3 explains the methodology, which includes building a comprehensive
evaluation system for SFs and ID using an AHP, creating a CCD model, and conducting
an SA based on orthogonal design. Section 4 presents the empirical results, discussing the
current situation, coupling coordination characteristics, and predicted regulatory scenarios.
Finally, Section 5 summarizes the main conclusions.

2. Theoretical Framework

The coupling relationship between polder-based SFs and ID is a complex system
involving culture, landscape, ecology, economy, and society [44]. This study focuses on
polder regions, unique agricultural areas formed through land reclamation. The conceptual
framework in Figure 1 illustrates the composition and interactions of these subsystems.

Polder space is divided into water networks, agricultural fields, and settlement habi-
tats. Consequently, from a “cultural-landscape—ecological” perspective grounded in cul-
tural landscape theory and cultural heritage conservation theory, this study identifies
key indicators for evaluating SFs. Cultural landscape theory emphasizes the interaction
between natural and human-made landscapes and advocates holistic conservation [45],
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Figure 1. Conceptual framework.

From an “economic—social-technological” perspective, polder-based ID is analyzed
through the theory of production factors and sociotechnical systems theory. The theory of
production factors highlights the roles of land, labor, capital, and technology [47], providing
a basis for analyzing factor inputs and efficiency. Sociotechnical systems theory emphasizes
the interaction between technology and social systems [48], explaining the social demand
for technological applications and their adaptability. These theories support an assess-
ment framework that measures both the current state of industry and its impact on rural
social development.

Polder-based ID involves complex processes, such as population movement, changes
in agricultural practices, the introduction of green and leisure industries, increased non-
agricultural employment, and rising income and consumption levels, significantly im-
pacting SFs [49]. For example, centralized production layouts can disrupt the organic
structures and scales of polders, while intensive farming may degrade ecosystems [50].
Urban-rural income disparities can lead to population loss and abandoned homesteads,
damaging traditional architecture [51]. Conversely, growing cultural heritage awareness
and conservation policies strengthen SFs. Rural ecotourism and leisure agriculture, based
on local features, can enhance the interaction between SFs and ID. In summary, ID influ-
ences spatial conservation through socio-economic factors, while rural space shapes ID
through resource endowments, ecological functions, and policy interventions [52]. Thus,
the complex interplay between ID and SFs involves mutual support and constraints. To
analyze this relationship, we use CCD methods for quantification and SA to predict changes
in coordination levels, aiming to identify pathways that balance industrial transformation
with spatial conservation.
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3. Materials and Methods
3.1. Study Area and Data Sources

The Gaochun Polder District is located in southern Nanjing, Jiangsu Province, along
the southeast coast of China (118°46’ E, 32°03' N) (Figure 2). It is the earliest polder
associated with Taihu Lake, the largest freshwater lake in China. The polders originated
during the Three Kingdoms period (220-280 A.D.), when polders were constructed around
water systems for farming to meet the demand for war supplies. Later, during the Tang
and Song Dynasties (618-1279 AD), large-scale campaigns were conducted to surround
the ancient Danyang Lake and turn it into farmland. Over thousands of years, both
natural changes and human modifications shaped the Jiangnan spatial features of “living
by water”, “building with fields”, and “harmonious development among people, water,
and fields”. Meanwhile, the region has developed an industrial system dominated by
specialty aquaculture, supported by various agricultural and forestry cash crops. However,
rapid urbanization and the growth of rural tourism [2] have brought several challenges,
including the reduction of the polder-water areas, a decline in soil hydrological quality, the
loss of traditional rural customs and lifestyles, an over-reliance on tourism that weakens
crisis resilience, and intensified homogeneous competition.

The Gaochun Polder District covers approximately 272 km? and includes 291 natural
villages. In this study, we focused on Qianjia Village, a typical polder field spatial unit, as
the primary research object. Its location and spatial elements are shown in Figure 2. The
village has formed an overall spatial pattern characterized by “enclosing fields internally,
encircling water externally, and cohabiting along the river”. Regarding the polder-water
pattern, Qianjia Village is located in a low-lying area, surrounded by rivers that form an
intricate network. The abundant waterways isolate the land, creating an internally enclosed
farming area with dikes, while the external watershed is utilized as both a natural barrier
and a source of irrigation water. In terms of settlement layout, the village is centrally
located within the polder and is separated by a high dike, forming an island-like cluster.
The internal streets and alleys are dense and narrow, connecting to the external areas via
roads. The traditional architectural style features gray tiles, red columns, and double-
pitched-roof courtyard-style buildings with Ma Tau Walls, such as the Yongzhen Buddhist
Nunnery and Qianjia Ancestral Hall. In this study, we obtained spatial and land use
data for the village through field research and satellite imagery from the China National
Geographic Information Public Service Platform'. Additionally, we gathered data on the
subjective perceptions of SFs through interviews and questionnaires from 153 villagers and
15 experts in October 2021.

In terms of economic and industrial development, Qianjia Village relies heavily on
its abundant polder-water resources. Agriculture is the main industry, with a focus
on aquaculture and aquatic plant cultivation, including fish, shrimp, turtle, and crab
farming, as well as growing aquatic crops like water chestnuts, lotus roots, gorgonians,
and mizuna. However, the industrial and service base remains underdeveloped, with only
one small garment processing workshop, a few convenience stores, and limited service
facilities for rural tourism. Socio-economic and industrial data for Qianjia Village were
collected from the Gaochun Statistical Yearbook (2020), field interviews, and questionnaires.
Collective-level data were obtained from the yearbook. For instance, in 2020, the village had
243 households, with 795 registered residents, and a collective village income of CNY
1,898,300. Individual-level data were gathered through questionnaires. On average, each
villager owned about 1 mu (0.16 acres) of fields, 3.5 mu (0.58 acres) of water ponds, and
1.8 mu (0.30 acres) of agriculture and forestry land. The annual per capita income ranged
from about CNY 30,000 to 80,000, with agricultural income accounting for 52.28% of the
total income. Specific information on agricultural brands, scientific and technical personnel,
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and farmer training was collected through field interviews. Additionally, the land area data
were sourced from the village plan and the Rural Property Rights Trading Service Center”.
Detailed crop income information came from Nanjing Daily®, while data on e-commerce
development were based on Chang (2018) [53]. These datasets serve as the objective basis
for quantitatively measuring ID (corresponding to Objective 1).
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Figure 2. Study area: (a) the location of the study area in China; (b) the boundary of the Gaochun
Polder District and the location of Qianjia Village in the Gaochun Polder District; (c) spatial patterns
and spatial elements in Qianjia Village. Source: self-drawn by the author. (a,c) Adapted from remote
sensing satellite maps, (b) drawn by overlaying government data and map crawling.

3.2. Methods
3.2.1. Measurement of Polder-Based SFs and ID
Construction of a Comprehensive Evaluation Index System

We constructed a comprehensive evaluation index system (CEIS) to assess the level of
SFs and ID quantitatively. This system serves as the basis for evaluating their coupled coor-
dination. The CEIS was established in two parts: an SF system (S1) and an ID system (S,).
51 includes indicators such as the ecological landscape quality of water resources [54] and
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the richness of water conservancy facilities, reflecting the resource quality and protection
level of the water network conservancy subsystem (S11). It also includes indicators such
as the polders’ landscape quality and morphological pattern completeness, representing
the characteristics of agricultural production sites in the polder farming subsystem (S517).
Additionally, indicators related to settlement site selection, street patterns, public spaces,
public buildings, and traditional residential buildings reflect the characteristics and vitality
of living spaces in the village dwelling subsystem (S13). S, includes indicators such as
agricultural income and agricultural land area, reflecting agricultural input-output benefits
(521) [55]. Tt also includes indicators like the number of brands and the level of e-commerce,
representing agricultural scale—quality benefits (Sy;). Furthermore, indicators such as the
level of village infrastructure, the proportion of agricultural population, the number of
science and technology personnel [56], and the number of farmer trainings [57] reflect
socio-scientific benefits (S»3) [58]. The details are shown in Table A1.

The standard setting of S; is based on a 5-level Likert scale, with reference to the
literature and relevant theories (e.g., cultural heritage preservation theory, landscape preser-
vation theory, etc.), and is divided on the basis of degree (degree of perception, degree of
use, and degree of preservation). In the specific content, auxiliary assessments of factors
such as quantity and type can be drawn upon to solve the uncertainty of subjective percep-
tion, such as the degree of preservation of water conservancy facilities. S, is determined
based on references to the literature, relevant theories, and data on the current state of
regional and national development. The criteria for assigning points to indicators are
shown in Tables 1 and 2.

Table 1. Indicator scoring criteria of polder-based SF system.

Criteria for Assigning Points (Points)

Subsystem Indicators
0-19 20-39 40-59 60-79 80-100
A few: only small General quantity; More
Richness of water 4 y adjacent to numerous; Adequate; close to a
Very few harbors and . . .
resources (X1) harbors, inland dense rivers lake or outside river
branches
waterways and ponds
Better .
Ecological Highly Slightly polluted; Ave.r age water ecological Excell.ent ecologlcal
. . quality; average e quality; superior
landscape quality polluted; low landscape ; quality; better
.. . landscape quality; landscape; forms the
of water minimal quality; low landscape 1k of the colonial
resources (x7) landscape perception average quality; better bulk of the colonia
Water network perception L landscape
conservancy (S11) perception
Abundance of More
. . oo . Large number;
water Very few; only A few; only General quantity; numerous;
abundant types, more
conservancy 1 type 2 types about 3-5 types about 5-10
e than 10
facilities (x3) types
Hydrological Morphologically Overall form well
heri A few; poorly General well preserved .
eritage . preserved, still
: Very few preserved and preservation but not - .
conservation . . . serving hydraulic
badly damaged quality with tears  hydrologically .
status (x4) . function
functional
Polder landscape Verylélttle Lower quality; General quality; Bettir quality; Exc'e llept qt;lalllzy;lk
uality (xs) porder less perception fair perception etter constituting the bu
q landscape perception of dwelling landscape
. Distinctive
Polder farming F -
ragmented . morphological
(S12) I . Extremely . . Certain
ntegrity of Small; encroached morphology; . features,
small and 1 morphological -
polder upon by building pattern cut by o representative and
completely features; basic .
pattern (xe) land roadway, no typical; patchy
broken . g patterns formed S
integrity distribution, complete

pattern
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Table 1. Cont.

Criteria for Assigning Points (Points)

Subsystem Indicators
0-19 20-39 40-59 60-79 80-100
Closely related to
Away from Weakly Conngcted General Somewhat PWN, built around
to PWN, with . . related to PWN, .
polder water verv few correlation with with more the dike embankment
Settlement siting network waterz older PWN, with few water—polder or located in the
and morphology (PWN); elele nts: water—polder elemIeD nts: center of the dike area;
fit (x7) fragmented . elements; J dense water—polder
settlement pattern . morphological .
settlement P morphological elements;
ragmented from . complementar- .
pattern independence . morphological
PWN ity e
organic fitting
. . Complete tertiary
Integrity of street ~ External roads Two-tier road Basic format.lon C(?mplete road system, forming
of a three-tier tertiary road o
pattern (xg) only system only a characteristic street
road system system
space
. Inability to meet Fewer leisure Some open Ad.e.q.uate 1elsgre
Virtually no o e space facilities facilities, meeting
. utilization need; facilities, largely . .
. public space; ) . to meet basic needs of residents to
Public space poor quality, adequate for use; 1
p X poor . . needs for use; gather and socialize;
unction and . obstructed views, general quality, . . .
1 environment, . better quality high quality, well
vitality (xg) lareel lack of green and fair landscape and landscaped with
sey leisure facilities; views; mediocre . P
unoccupied low vitalit vitality landscaping; adequate greenery;
y better vitality high vibrancy
Poor style, very . Excellently reflecting
. Ordinary style, "
Village dwelling ‘:1’f1}f7f;irceeﬂtl(f)rc(;rln non-reflection of aplf:;jlt‘z;ce' tiigﬁ?:r?tﬁgf
Public building Poor style; poor : local features; . . /
(813) uality and stvle ualifv: ver architecture; poor eneral qualitv: good quality; conservation value;
quaitty y quatity; very quality; low & quatty; high vitality, high quality; high

specificity (xi9) low quantity

vitality, unable to
meet utilization
need

average vitality,
basically meets
needs

meets most of
needs of users

vitality, meeting
needs for gathering
and interaction

10-25%, poor

50-85%, good
legibility; basic

85-100%, highly

identifiability; 25-50%, medium uniformity of recognizable, mostly
0-10% different styles, legibility; vl Y built before 1980;
Traditional . poor color medium harmony S unified style,
. . unrecognizable; . . individual ;
residential uniformity, of style, a few o . harmonious color,
s fragmented o3 . buildings with
building style abrupt buildings with local and
> style; poor . abrupt colors .
compatibility . decoration; poor  abrupt colors and representative
quality, mostly . . and .
(x11) a7l quality, large decorations; . architectural
dilapidated . decorations; . .
number of general quality, 4 qualit decoration; high
dilapidated fewer dilapidated §00¢ quatity, quality, no
g very few I s
buildings dilapidated dilapidated buildings
Ordinary form, Umque ‘form,
iconigc; Excellent form, clearly
Poorly marked; some harmonious identifiable,
Structure Largely - recognizability, - . .
L cut off from its with representative; highly
iconicity and featureless, non- . no local . R .
. X o surroundings; L. surroundings; harmonious with
vibrancy (xi2) identifiable characteristics; ] .
almost unused medium surroundings; used
low frequency of
use frequency of more frequently
use

For scoring indicators for SFs and ID, the classified assignment method [59], natural
breakpoint method [60], and combined subjective—objective method [34] are frequently used.
Since the evaluation indicators for S; primarily reflect subjective perceptions and human

experiences, the subjective scoring method [61] was applied to assign scores, thereby quantify-

ing SFs (addressing Research Question 1/Objective 1). Data on the subjective perception of

SFs were collected from 153 villagers and 15 experts through questionnaires and interviews

in 2021. For S, current income, area, quantity, and share values were treated as objective

indicators, and the objective scoring method [62] was applied to assign values, thereby quan-

titatively assessing the ID system (addressing Research Question 1/Objective 1). All scores
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were assigned on a percentage scale, divided into five equal gradients: very poor (0-19), poor
(20-39), average (40-59), good (60-79), and excellent (80-100).

Table 2. Indicator scoring criteria of polder-based ID system.

Criteria for Assigning Points (Points)

Subsystem Indicators
0-19 20-39 40-59 60-79 80-100
Higher than Higher than
P . . Lower than national average provincial Equal to Much larger
er capita net income of . . .
- national and lower than average and regional than regional
villagers (y1*) L
average provincial lower than average average
average citywide average
Input-output Total income of village o o o o o
benefit (1) agriculture (y,*) 0-50% 50-60% 60-70% 70-85% 85-100%
Per capita area of
agricultural forestry 0-0.8 mu 0.82mu 2-3mu 3-4 mu More than 4 mu
land (y*)
Surface area of pit 500-1000 More than
ponds (y4*) 0-100 hectares 100-200 hectares 200-500 hectares hectares 1000 hectares
Number of agricultural 1 5 3 4 5 and above
brands (ys*)
Level of agricultural
Scale—quality largejscale . 0-20% 20-40% 40-60% 60-80% 80-100%
benefit (Sz) production (ys*)
Level of agricultural 0-20% 20-40% 40-60% 60-80% 80-100%
e-commerce (y7*)
Per capita area of facility > 2 2 5 5
. - 0-0.5m 0.5-1m 1-1.5m 1.5-2m More than 2 m
agricultural land (ys*)
Proportion of
population employed in 0-50% 50-60% 60-70% 70-85% 85-100%
agriculture, forestry,
and fisheries (y9*)
Social-scientific Infra.s’Fructure and Insufficient Largely suff{cient; Largely sufﬁcignt; Sufﬁcient.; Sufﬁcien.t; high
benefit (Sa3) amenities level (y19) numbers poor quality general quality better quality quality
Number of agricultural 1 person 2 persons 3 persons 4 persons 5 persons and
professionals (y11*) P P P b above
Number of trainings for
new vocational 1 per year 1 per half-year 1 per season 1 per month 1 per week

farmers (y12*)

Note: y* indicates an assigned score based on objective data.

AHP to Determine Indicator Weights

The determination of indicator weights (w;) is commonly conducted using methods

like the entropy weight method [63], the AHP [36], and principal component analysis [64].

In this study, the AHP was chosen as an analytical method to decompose a complex problem

into layers of influencing factors. It is widely used in research fields such as agroforestry,

environment studies, and social sciences, including the evaluation of disaster emergency

response capacity [65], eco-environmental quality [34], and historical public spaces [66].

The process for determining indicator weights using the AHP is as follows:

e Based on the pairwise comparison of indicators within the system conducted by

five members who participated in the field research and mapping of the Shijiu Lake—

Gucheng Lake polder area, the relative importance of each level’s indicators to the

objectives of the previous level was determined.

e Next, the relative importance of each factor was converted into a numerical scale

using a 1~9 scale method. A judgment matrix was then created and the normalized

eigenvector of the largest eigen root was derived to determine the weights.
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e  After checking for consistency, the arithmetic average of the five weighting results
calculated by five experts was used as the final indicator weights for the SF and
ID systems.

Comprehensive Evaluation Index of SFs and ID

The comprehensive evaluation index, frequently used to assess the levels of develop-
ment of multiple systems, is then derived from the quality indices of the systems. The
quality index of each system or subsystem is an evaluation value based on the current status
and is calculated using the measurement value and weight of each indicator, as shown in
Formula (1). The comprehensive evaluation index is calculated using Formula (2).

Uy =Y o (wi X)), (1)
T = all + Uy, 2)

where U, represents the quality index of system n (SFs or ID) (Objective 1 results provide
the necessary data for the Objective 2 solution); w; indicates the weight of indicator i; y; is
the standardized measurement value of evaluation indicator i; and m is the total number
of indicators in the system. T represents the comprehensive evaluation index of the SFs
and ID systems, reflecting the overall effects and levels of U; and U, (Objective 1 results
provide the necessary data for the Objective 2 solution); « and B denote the determined
coefficients. In this study, SFs and ID are treated as equally important components of the
rural development system. Therefore, the values of « and f are both set to 0.5.

3.2.2. CCD Model

Various contradictions and complex interactions exist between rural space and indus-
try during the development process. Industrial transformation can promote the intensive
and efficient use of resources, but it may also result in the destruction of SFs. Tradi-
tional SFs offer diverse pathways for ID, such as rural tourism, whereas the destruction of
fragile spatial systems can limit industrial development. Therefore, the concept of “cou-
pling” is introduced to study the interaction between space and industry. Achieving their
coupling coordination serves as the foundation for addressing issues related to rural con-
servation and development [67] (addressing Research Question 2/Objective 2). The CCD
model [63], which shows the degree of interaction between two systems, is expressed by the
following formulas:

Conx Y xlh 3)
U + Uy

D=+vVCxT, (4)

where C is the coupling degree of two systems (range from 0 to 1), which reflects the extent
of mutual influence between S; and S, (addressing Research Question 2/Objective 2).
Based on the characteristics of changes in the coupling degree and the classification criteria
established by related researchers [41,68], C is categorized into four stages: low coupling
stage (0.0-0.3), antagonistic stage (0.3-0.6), break-in stage (0.6-0.9), and high coupling
stage (0.9-1.0).

D represents the value of the CCD (range from 0 to 1), reflecting both the degree of
interaction between S and S, and the consistency of their development levels (address-
ing Research Question 2/Objective 2). A unified standard for the interval division of
D has not been established in related studies. For instance, Zhu, C. divided D into five
intervals [41], whereas He, . et al. used four intervals [63], although their segmentation
values are not inconsistent. Therefore, this study, referencing the above segmentation
values and the law of normal distribution, sets the middle two values at 0.2 and 0.8.
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Consequently, D is divided into four intervals: serious incoordination (0-0.2), slight in-
coordination (0.2-0.5), basic coordination (0.5-0.8), and high-level coordination (0.8-1).
Additionally, by combining the interval differences between U; and Uy, the synchronization
of SFs and ID (0 <|U; — U|< 0.1), the lagging of ID (U; — Up > 0.1), and the lagging
of SFs (U — U; > 0.1), the coupling coordination of the two systems is categorized into
12 types (Table A2).

3.2.3. Scenario Analysis Based on Orthogonal Design

Scenario analysis [69] is a research method used to generate multiple scenarios based
on potential development trends of key influencing factors, predict their outcomes, and
identify the optimal scenarios for comparison [70]. This method is widely used in studies
of socio-economic development [71], carbon emission [72], and ecological resource pro-
tection [73]. For example, Cui D. developed nine scenarios combining socio-economic
development models with water conservation measures for simulation and assessment [38].
In scenario design, the CA-Markov model [74] and orthogonal design [75,76] are commonly
used for scenario generation.

This study adopts the scenario analysis method to calculate the CCD of SFs and ID
across various scenarios, aiming to identify the optimal scenario for the future rural trans-
formation and development, while prioritizing the protection of SFs and the promotion
of ID (addressing Research Question 3/Objective 3). An orthogonal design is used to
establish scenario settings, regulating six subsystems (factors) in both the SF system (water
network conservancy, polder farming, and village dwelling subsystems) and the ID system
(input-output benefit, scale-quality benefit, and social-scientific benefit subsystems). Each
subsystem is assigned five adjustment ranges (Table 3): Level 1 (slight decrease), Level 2
(maintaining current status), Level 3 (slight improvement), Level 4 (moderate improve-
ment), and Level 5 (significant improvement). Then, the orthogonal design table is created
based on two rules:

e  Each subsystem (column) must include the same number of individual improvement
ranges (from 1 to 5), i.e., five times.

e Any two columns must contain 25 unique number pairs (i.e., (1,1), (1,2), (1,3), (1,4),
(1,5),(21),(22),(2,3),(24), (2/5), (3,1), (3,2), (3,3), B4), 3,5), (41), (42), (43), (4,4), (4,5),
(5,1), (5,2), (5,3), (5,4) and (5,5)), appearing only once, to create an orthogonal design
table (Table 4).

Table 3. Description of the parameters related to five adjustment ranges for SFs and ID.

Adjustment Level of Factors (5 Levels)

System Subsystem

(6 Factors) Level 1 Level 2 Level 3 Level 4 Level 5
COVX:etf\r’:If:;f?;i) 75% x Uy Uy U + X(lg;)ﬂ/: Uy) Uy + X(1;)80/Z Up) U+ X(l;);)‘y: Ui)
o (sy)  Polderfaming (Su)  7¥exup up et (TRt e A0 e (P0 )
Village dwelling (S13)  75% x Uy Uy th + (100 ~ths)  ths + (100 ~Lhs) - Uhs + (100~ Uhs)
Input-outputbenefit (Sp1)  75% x Uy Uy U +>Elgg%_ Un)  Un +>Elg(())0/: Un)  Un +>El%)o/: )
ditiall);rﬁ:rséréglz) Scale—quality benefit (Sz2)  75% x Uns Uny Uz + il;);)o/: Uyp) Up+ >Elé)(())o/: Up) Uxn+ >El;)é)o/: Up)
" enctt (5m) 75% x Uz s R e R e )

Note: Uy, is the quality index of the subsystem.
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Table 4. Subsystem quality indices and CCD for 25 regulation scenarios based on orthogonal table.

Scenario Code Unr U Usis Uyn Uy Ups Uy U, C D
No.1 0.08 (1) 0.10 (1) 0.43 (1) 0.08 (1) 0.09 (1) 0.07 (1) 0.60 0.23 0.90 0.61
No.2 0.08 (1) 0.13 (2) 0.57 (2) 0.10 (2) 0.12 (2) 0.09 (2) 0.77 0.31 0.90 0.70
No.3 0.08 (1) 0.14 (3) 0.60 (3) 0.12 (3) 0.18 (3) 0.12 (3) 0.81 0.48 0.97 0.79
No.4 0.08 (1) 0.14 (4) 0.63 (4) 0.26 (4) 0.25 (4) 0.15 (4) 0.85 0.65 0.99 0.86
No.5 0.08 (1) 0.15 (5) 0.66 (5) 0.33 (5) 0.31 (5) 0.18 (5) 0.89 0.83 1.00 0.93
No.6 0.10 (2) 0.10 (1) 0.57 (2) 0.12 (3) 0.25 (4) 0.18 (5) 0.77 0.61 0.99 0.83
No.7 0.10 (2) 0.13 (2) 0.60 (3) 0.26 (4) 0.31 (5) 0.07 (1) 0.83 0.63 0.99 0.85
No.8 0.10 (2) 0.14 (3) 0.63 (4) 0.33 (5) 0.09 (1) 0.09 (2) 0.87 0.51 0.97 0.81
No.9 0.10 (2) 0.14 (4) 0.66 (5) 0.08 (1) 0.12 (2) 0.12 (3) 0.91 0.32 0.87 0.73
No.10 0.10 (2) 0.15 (5) 0.43 (1) 0.10 (2) 0.18 (3) 0.15 (4) 0.68 0.44 0.98 0.74
No.11 0.11 (3) 0.10 (1) 0.60 (3) 0.33 (5) 0.12 (2) 0.15 (4) 0.81 0.60 0.99 0.83
No.12 0.11 (3) 0.13 (2) 0.63 (4) 0.08 (1) 0.18 (3) 0.18 (5) 0.87 0.44 0.95 0.79
No.13 0.11 (3) 0.14 (3) 0.66 (5) 0.10 (2) 0.25 (4) 0.07 (1) 0.91 0.42 0.93 0.79
No.14 0.11 (3) 0.14 (4) 0.43 (1) 0.12 (3) 0.31 (5) 0.09 (2) 0.68 0.58 1.00 0.79
No.15 0.11 (3) 0.15 (5) 0.57 (2) 0.26 (4) 0.09 (1) 0.12 (3) 0.83 0.46 0.96 0.79
No.16 0.13 (4) 0.10 (1) 0.63 (4) 0.10 (2) 0.31 (5) 0.12 (3) 0.85 0.54 0.97 0.82
No.17 0.13 (4) 0.13 (2) 0.66 (5) 0.12 (3) 0.09 (1) 0.15 (4) 0.91 0.42 0.93 0.79
No.18 0.13 (4) 0.14 (3) 0.43 (1) 0.26 (4) 0.12 (2) 0.18 (5) 0.69 0.56 0.99 0.79
No.19 0.13 (4) 0.14 (4) 0.57 (2) 0.33 (5) 0.18 (3) 0.07 (1) 0.84 0.58 0.98 0.83
No.20 0.13 (4) 0.15 (5) 0.60 (3) 0.08 (1) 0.25 (4) 0.09 (2) 0.88 0.41 0.93 0.78
No.21 0.14 (5) 0.10 (1) 0.66 (5) 0.26 (4) 0.18 (3) 0.09 (2) 0.89 0.53 0.97 0.83
No.22 0.14 (5) 0.13 (2) 0.43 (1) 0.33 (5) 0.25 (4) 0.12 (3) 0.69 0.70 1.00 0.83
No.23 0.14 (5) 0.14 (3) 0.57 (2) 0.08 (1) 0.31 (5) 0.15 (4) 0.84 0.54 0.98 0.82
No.24 0.14 (5) 0.14 (4) 0.60 (3) 0.10 (2) 0.09 (1) 0.18 (5) 0.88 0.37 0.92 0.76
No.25 0.14 (5) 0.15 (5) 0.63 (4) 0.12 (3) 0.12 (2) 0.07 (1) 0.92 0.36 0.90 0.76

Note: the figures in parentheses indicate the 5 adjustment levels, i.e., Level 1 to Level 5.

After that, the orthogonal design table generates 25 regulation scenarios. The CCD
and types of these scenarios are calculated and classified, and the key indicator factors
that significantly affect the CCD are identified, providing a basis for further research (the
dataset is generated for Research Question 3/Objective 3).

4. Results

Using Qianjia Village in the Gaochun Polder District as a case study, this research
conducted an empirical analysis of the interaction between polder-based SFs and ID. The
analysis included the results of the comprehensive evaluation, coupling coordination, and
scenario prediction for the SF and ID systems. After classifying the 25 scenarios generated
by the orthogonal design table, strategies and recommendations were proposed to improve
the coupling coordination between spatial protection and ID. These strategies were based
on the target scenario types and the indicators significantly influencing the CCD.

4.1. Results of Systematic and Comprehensive Evaluations

According to the index assighment standards in Tables 1 and 2, values were assigned to
the indices of the SFs and ID systems of Qianjia Village, and their weights were determined
using the AHP method and expert scoring (Table 5). Then, the SFs system quality index
(L) for Qianjia Village was calculated as 0.80 through Formula (1), representing a favorable
evaluation, as the measurement values of most indicators within the SF system ranged
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from 60 to 85 points. Key indicators with higher weights, such as settlement siting and
morphology fit (x7) and traditional residential building style compatibility (x;1), showed
relatively high levels. Conversely, indicators with lower weights, like hydrological heritage
conservation status (x4) and public space function and vitality (xg), had less impact on U;
due to their lower measurement values.

Table 5. Indicator weights, current measurement values, and comprehensive evaluation results of the
SFs and ID systems in Qianjia Village.

System

Measurement

Subsystem Indicator Weight Un T

Value

Richness of water resources (x1) 0.0293 85

Ecological landscape quality of water

Water network resources (x,) 0.0948 65
conservancy (S11)
Abundance of hydraulic facility (x3) 0.0186 70
Hydrological heritage conservation status (x4) 0.0062 45
rural spatial Polder farming Polder landscape quality (xs) 0.0802 75
feature (S1) Integrity of polder pattern (xg) 0.0802 85 0.80
Settlement siting and morphology fit (x7) 0.2904 90
Integrity of street pattern (xg) 0.0294 75
Village dwelling Public space function and vitality (x9) 0.0645 60
Public building quality and style specificity (xi9) 0.0954 75
Trad1t10‘nz.;11. residential building style 0.1586 80
compatibility (x11)
Structure iconicity and vibrancy (xi2) 0.0525 920
0.55
Per capita net income of villagers (y1*) 0.1230 40
. . . .
Input-output Total income of village agriculture (y,*) 0.1489 22
Per caplza area of agricultural and forestry 0.0307 20
land (y3*)
Surface area of pit ponds (y4*) 0.1047 15
Number of agricultural brands (ys*) 0.1447 10
rdurallinclustrtialS : Scale—quality Level of agricultural large-scale production (ys*) 0.1031 34
evelopment (S, Level of agricultural e-commerce (y7*) 0.0825 64 0.31
Per capita area of facility agricultural land (ys*) 0.0471 30
Proportlon of population gmplpyed 12 0.0636 35
agriculture, forestry, and fisheries (yo*)
Social-scientific Infrastructure and amenities level (y10) 0.0802 60
Number of agricultural professionals (y11*) 0.0185 30
Number of trainings for new vocational 0.0530 25

farmers (y12*)

Note: y* indicates an assigned score based on objective data.

The ID system quality index (U,) was calculated as 0.31, reflecting a poor evaluation.
Most of the ID system indicators scored from 20 to 40 points, which was considered
low. Several indicators, with the lowest measurement values, such as the number of
agricultural brands (ys) and the surface area of pit ponds (y4), fell within the range of 0 to
19 points. Given their high weights, these indicators further contributed to the reduction in
Up. Only two indicators, the level of agricultural e-commerce development (y7) and the
level of infrastructure and amenities (y1p), showed relatively high measurement values,
in the range of 60 to 79 points. However, their medium weights limited their ability to
improve U, significantly. Finally, the comprehensive evaluation index (T) for the SFs and ID
systems of Qianjia Village was calculated to be 0.55 using Formula (2) (addressing Research
Question 1/Objective 1).
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4.2. Results of the Coupling Coordination Analysis

The coupling degree (C) and CCD (D) of the SF and ID systems in Qianjia Village were
calculated by Equations (3) and (4). Based on the measurement results, the characteristics of
the coupling coordination between SFs and ID in Qianjia Village were as follows (addressing
Research Question 2/Objective 2):

e Lagging ID: The difference between the quality index of the ID system (U;) and
the SFs system (U;) was 0.49, significantly exceeding 0.1. According to the coupling
coordination type division (Table A2), this indicates that agricultural development in
Qianjia Village lagged behind the SFs system.

e  Coupling degree: The coupling degree was 0.89, falling within the break-in stage
(0.6 < C < 0.9). This indicates that the lag in ID negatively impacted the quality
improvement of the SFs system, while the SFs system positively influenced ID. The
interaction between the two systems was gradually strengthening, moving toward a
mutually beneficial and balanced state.

e  CCD: The CCD was 0.71, which falls within the basic coordination interval (0.5 < D < 0.8).
This suggested that, due to the mutual influence of the SFs and ID systems in Qianjia
Village, rural industries were gradually adopting more intensive and efficient production
methods while increasingly focusing on protecting traditional polder-based SFs. However,
further efforts are required to improve the level of ID to ensure synergy and consistency
between the two systems.

4.3. Results of Scenario Prediction Analysis
4.3.1. 25 Regulation Scenarios

Among the 25 scenarios in the orthogonal design table (Table 4), the 9th scenario
showed a lower coupling degree (C). In this scenario, while the comprehensive quality
index of SFs system (U;) increased significantly, a decrease in the input—output benefit
subsystem caused a minimal change in the comprehensive quality index of the ID system
(Uyp). This widened the gap between the two systems, leading to a reduction in the coupling
degree (C). Conversely, 15 scenarios demonstrated a significant increase in the coupling
degree (C > 0.95). These scenarios mainly involved improvements in the ID system, such
as in the input—output benefit subsystem or the scale—quality benefit subsystem.

According to the interval of the CCD (D), 11 scenarios were elevated to the high-level
coordination interval (D > 0.8), indicating that SFs and ID were highly coordinated with
a significant positive correlation. This improvement was due to a significant increase in
the quality index of the ID system (Uy), which reduced the gap between U; and U, and
effectively increased the CCD. These findings were consistent with those reported by Yang,
Y. [77]. Further analysis revealed that, regardless of changes in the SFs’ subsystems, the
CCD could be effectively improved by moderately or significantly increasing the quality
indices of the input—output benefit subsystem (Ul,1) and the scale-quality benefit subsystem
(Up2) of the ID system. This was particularly evident in scenarios 7 and 22. Therefore,
advanced agricultural machinery and automated equipment should be introduced, and
biological and information technology should be fully utilized. A mechanism for equal land
exchange between urban and rural areas should also be explored to boost the input-output
benefit. Additionally, special and branded agriculture should be promoted, rural specialties
should be developed for online sales, and a coordinated agricultural industry chain should
be established to improve the scale-quality benefit.

However, 14 scenarios remained in the basic coordination interval (0.5 < D < 0.8),
indicating that SFs and ID were basically coordinated. These scenarios were characterized
by an unchanged or slightly reduced SF system, along with only a small increase in the ID



Land 2025, 14,914

16 of 23

system. As a result, the difference between the two systems (|U ; — Ua|) remained relatively
large, and the improvement in the CCD was limited.

The distribution of the 25 regulation scenario types is shown in Figure 3. The vertical
axis represents the CCD, while the horizontal axis shows the absolute difference between
the quality indices of the two systems. Additionally, the classification of the scenarios was
determined by the horizontal line D = 0.8, which divides basic coordination (0.5 < D < 0.8)
from high-level coordination (0.8 < D < 1). The vertical line, |U; — Up|= 1, marks the
boundary between synchronized and unsynchronized scenarios. The 25 scenarios were
classified into three categories: the green area represents high-level coordination and
synchronization between the two systems, the red area shows high-level coordination
with ID lagging behind SFs, and the blue area represents basic coordination with ID
lagging behind SFs. Most scenarios were found in the blue area, which corresponds to
the current situation. Only three scenarios (scenarios 5, 14, and 22) were in the green area,
representing the target type of high-level coordination with synchronization between U,
and U, (addressing Research Question 3/Objective 3).

085 _ {
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Figure 3. Typology of 25 regulation scenarios. Three scenario categories: green (high coordination),
red (high coordination with ID lag), and blue (basic coordination with ID lag).

4.3.2. Strategies and Recommendations

Based on a comparison of different regulation scenarios with current measurement
results, three strategies for improving the balance between SF protection and ID transfor-
mation were proposed (addressing Research Question 3/Objective 3):

1.  Enhancing agricultural input—-output benefits

The goal is to increase the total income of village agriculture. This can be achieved by
promoting efficient rice-shrimp aquaculture and expanding the industrial chain. Specific
measures include introducing the rice-shrimp technology model, developing areas for rice—
shrimp co-cultivation, diversifying agricultural products, and adding interactive experience
activities like science education, fishing, and sightseeing.

2. Improving agricultural scale-quality benefits

This strategy aims to enhance agricultural production scale, promote rural e-commerce,
and increase agricultural branding through phased implementation.

e  Short-term goals: Build on the existing three farmer cooperatives to improve scaled
production, achieving specialization and modernized management. Train farmers
through vocational programs led by agricultural technicians. Consolidate fragmented
land, strengthen infrastructure, and establish a smart network platform.

e Medium-term goals: Enhance rural e-commerce with a robust logistics and e-
commerce platform. Use policy support and industrial foundations to create a co-
operative network to expand sales channels and support individual farmers. Accel-
erate the entry of agricultural products into the market, increasing overall village
agricultural income.
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e Long-term goals: Strengthen agricultural branding and online promotion to enhance
competitiveness. Introduce specialized agricultural companies to designate high-
standard aquaculture zones for green, high-quality aquatic farming. Develop a dis-
tinctive local aquatic product brand, distinct from the existing “Gucheng Lake Crab”
brand. Combine local aquatic crops to cultivate multiple agricultural brands, creating
a strong brand effect.

3. Overall protection of the SF system and moderate improvement of the village
dwelling subsystem

Villagers” awareness of the SFs of polders and their overall protection consciousness
need to be enhanced. Efforts should be made to moderately improve the harmony of
traditional residential architecture and the quality of public spaces. Public service facilities
should be optimized, and a few leisure and sightseeing service functions should be intro-
duced, such as establishing an exhibition area showcasing the habitat of the polder village
and a village station along the slow-walking tour route in the polder area.

5. Discussion

Exploring the interaction between SFs and ID in polder areas is crucial for rural
sustainable development. While coupling coordination theory is widely used to analyze
socio-economic and ecological interactions, few studies have examined the coupling be-
tween micro-level SFs and traditional agricultural development, especially in polder areas.
Our findings show that Qianjia Village’s SFs and ID were in the break-in and basic coordi-
nation stages (0.6 < C < 0.9,0.5 < D < 0.8), with ID lagging behind SFs (U; — Uy > 0.1).
This aligns with findings from most studies on the coupling coordination between the
socio-economy and the ecological environment. For example, Zhu et al. [41] found that the
rural transition and agricultural eco-environment in Zhejiang exhibited significant spatial
variability and a U-shaped evolution trend, with the CCD transitioning from uncoordinated
to basically coordinated states. Most coupling coordination types shifted from agricultural
eco-economy lagging to rural transition lagging. Tomal Mateusz [57] observed that urban
municipalities in Poland generally had higher local development indices and CCD, while
rural areas lagged behind. Similarly, Cui et al. [38] observed barely balanced development
(0.5 < D < 0.8) between the social economy and the water environment in Kunming
due to high water consumption and pollution. These similarities may stem from the fact
that SFs and ecological environments are vulnerable to economic development but also
hold potential for positive feedback. Regions with different development levels should be
further explored to compare causes and effects.

Analysis of CCD changes across different scenarios revealed that agricultural input-
output benefits and scale-quality benefits had the greatest impact on the coupling system,
followed by the village dwelling subsystem. While minor improvements in the village
dwelling subsystem had limited effects, even slight declines could significantly harm SFs.
Similar driving factors were identified in other studies, such as that of Liu et al. [76], who
found that population and economy had greater impacts on landscape sustainability than
climate and agriculture in Tibet, and that of Tang [58], who highlighted economic benefits
and ecological quality as key factors in tourism—environment coupling in Heilongjiang.
Tomal Mateusz [57] identified infrastructure and environment as the main obstacles to
sustainable development in Polish municipalities. However, Cui et al. [38] noted that
socio-economic patterns directly influenced population and GDP dynamics, while water
conservation efforts had limited effects. Furthermore, Wang, G. [78] emphasized that at
medium-to-high industrial development levels, production functions, technology, financ-
ing, and organizational structures become essential, while public and living functions are
critical at higher levels.
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6. Conclusions

This study focused on the coupling coordination of polder-based SFs and ID in the
Gaochun Polder District, China. Various data sources were utilized, including field research
photos, questionnaire data, yearbook data, and satellite maps, to assess the current quality
level of the SFs and ID systems in the region through the comprehensive evaluation index
system. The CCD model was employed to examine the interaction between SFs and ID,
and 25 scenarios generated by the orthogonal design table were applied to predict future
industrial transformations. The results showed that the coupling degree of SFs and ID in
the district was in the break-in stage, with the CCD falling within the basic coordination
range, and ID lagging behind SFs. A scenario analysis revealed that ID played a crucial
role in improving the CCD. The improvement in input-output benefits and scale—quality
benefits had a greater impact than the social-scientific benefits. Therefore, the focus during
industrial upgrading should be on input—output benefits first. On the other hand, the SFs
were in better condition than the ID in their current status. While further improvements in
SFs had a smaller impact on the CCD, even a slight reduction in an SF subsystem, like the
village dwelling subsystem, could have a significant negative impact.

The findings of this study have significant implications for protecting traditional
villages, transforming rural industries, and shaping related policies. Firstly, for rural
areas like Qianjia Village of the Gaochun Polder District—located on the periphery of
major cities and significantly affected by urban—rural disparities, where space embodies
cultural, ecological, landscape, and social values, and where agriculture dominates but
faces transformation—the focus should remain on ID, particularly in enhancing input-
output benefits and scale-quality benefits. At the same time, there should be a focus on the
coupling coordinated development of SF protection and ID transformation. Specifically,
this can be achieved by extending the agricultural value chain, building agricultural brands,
promoting large-scale production, and improving e-commerce sales. Such measures aim to
increase rural agricultural income and address issues like a singular industrial structure and
insufficient development motivation. Secondly, to address the loss of SFs and ecosystem
damage caused by urbanization and rural tourism development, it is essential to combine
overall protection with targeted improvements. Efforts should focus on recognizing the
overall value of the SF system and raising villagers” awareness of its protection to maintain
SFs in polder areas. Additionally, priority should be given to safeguarding village dwelling
spaces, focusing on improving the compatibility of traditional residential building styles
and enhancing the quality of public spaces, as these SF elements are densely concentrated
and most vulnerable to damage.

This research has certain limitations. While the study provides a detailed analysis of
Qianjia Village in the Gaochun Polder District, it is important to recognize that variations
in industrial foundations and geographic conditions among villages inevitably lead to
differences in development potential and direction. Therefore, the conclusions of this study
are specifically applicable to rural areas where agriculture is the dominant industry and
which possess distinct spatial and industrial characteristics. Second, the study is limited by
the availability of industrial data at the village level. Only one year’s data were collected,
using field investigations and yearbook sources. This constraint made it impossible to
determine evolutionary trends, and the evaluation of spatial features (SFs) involved a
degree of subjectivity. Additionally, incorporating a broader range of spatial and industrial
indicators could enhance future research.
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The following abbreviations are used in this manuscript:

SF spatial features

1D industry development

AHP  Analytic Hierarchy Process
CCD  coupling coordination degree
SA scenario analysis

PLE  production-life-ecology

Appendix A

Table Al. Evaluation index system of polder-based SFs and ID.

System Subsystem Indicators Interpretation of Indicators
Richness of water o
Types and quantities of water resources
resources (X1)
Ecological landscape quality Ecological level of water resources, including
Water network of water resources (x7) landscape perception and contamination degree

conservancy (S11)

Abundance of hydraulic . -
facility (x3) Types and quantities of water facilities
Hydrological heritage Preservation quality of the hydraulic heritage,

conservation status (x4)

including physical integrity and utilization, etc.

Polder farming (S12)

Polder landscape quality (xs)

Landscape quality of dike fields and dike ponds

Integrity of polder
pattern (xq)

Integrity of polder morphology pattern and
hierarchical system

rural spatial
feature (S1)

Village dwelling (S13)

Settlement siting and
morphology fit (x7)

Closeness of the settlement site to polder—water
network, and fitness of settlement form for
polder morphology

Integrity of street pattern (xg)

Integrity of the street pattern and hierarchical system

Public space function and
vitality (x9)

Landscape quality, functionality, frequency, and
number of daily users of public spaces

Public building quality and
style specificity (xi9)

Quality of construction work and functional
adaptability of public buildings, style specificity such
as the recognizability of regional features and integrity
of appearance, as well as frequency and number of
daily users, reflecting the level of vitality

Traditional residential
building style
compatibility (x11)

Percentage of the number of residential buildings that
have a harmonious relationship with the site
(polder-water network), recognizability, compatibility
of overall architectural style, quality of project and age
of construction (or restoration)

Structure iconicity and
vibrancy (x12)

Identity, monumentality and symbolism of structure
style, uniqueness of form and structure, and frequency
and number of daily users
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Table Al. Cont.

System Subsystem

Indicators

Interpretation of Indicators

Input-output
benefit (Sp1)

Per capita net income of
villagers (y1*) (CNY
ten thousand)

Compared with the country, the province, the city, and
the region, the annual per capita net income level
of villagers

Total income of village
agriculture (y2*) (%)

Share of total annual village agricultural income in
total annual village income

Per capita area of agricultural
forestry land (y3*) (mu)

Per capita area of agricultural and forestry land, about
1.38 mu (0.23 acres) in China in 2019

Surface area of pit ponds
(y4*) (hectares)

Surface area of pits and ponds, about 6,418,600
hectares in China in 2019

Scale—quality

rural industrial benefit (Sy)

development (S)

Number of agricultural
brands (ys*) (number)

Number of agricultural product brands with regional
characteristics and competitiveness

Level of agricultural
large-scale production

(y6*) (%)

Proportion of large-scale business by new agricultural
business entities or village collectives such as large
professional households, family farms, farmers’
cooperatives, agricultural industrialization leading
enterprises, etc.

Level of agricultural
e-commerce (y7*) (%)

Size of the electronic sales network formed, number of
business entities engaged in e-commerce, share of
agricultural products sold online

Per capita area of facility
agricultural land
(ys™) (m?/ person)

Total area of land used for facility agriculture divided
by total village population

Social-scientific
benefit (Sp3)

Proportion of population
employed in agriculture,
forestry, and fisheries
(yo*) (%)

Proportion of villagers engaged in agriculture, forestry,
animal husbandry, and fishery to the total number
of villagers

Infrastructure and amenities
level (y10) (%)

Improvement and quality level of various
infrastructure and welfare facilities

Number of agricultural
professionals (y11*) (persons)

Number of scientific and technical personnel
specialized in agriculture

Number of trainings of new
vocational farmers

(y12*¥) (times)

Number of training sessions organized for new
vocational farmers

Note: y* indicates an assigned score based on objective data. Water resources include lakes, river and canal
networks, ponds, etc.; water conservancy facilities include dikes, culverts, steep gates, etc.; public buildings
include small religious buildings, ancestral halls, villagers” activity centers, etc.; structures include pagodas, piers,
barges, etc.; and rural infrastructures include rainwater and sewage pipeline networks, sewage treatment stations,
living and production facilities, domestic and public toilets, electric power and telecommunication facilities,
fitness and activity facilities, parking lots, sanitary stations, and information stations for farmers, etc.

Table A2. The classification of the coupling coordination degree.

Level (D) Type Development Modes Between Subsystems
0<|U; — U] <01  Serious incoordination
Serious . . . - -
<0. - .
0<D <02 incoordination U, — U, >0.1 Serious incoordination with U, lagging
U, — U;>0.1 Serious incoordination with U; lagging
0<|U; — U] <01  Low-level incoordination
02<D <05 . Shg_ht . u, —-U,>01 Low-level incoordination with U, lagging
incoordination
U, — Uy>0.1 Low-level incoordination with U; lagging
0<|U; — U] <01  Basic coordination
05<D <08 Basic coordination u — U >0.1 Basic coordination with U, lagging
U, — U;>0.1 Basic coordination with U; lagging
0<|U; — U] <01  High-level coordination
08<D<1.0 H1gh‘-1ev.e1 u; —U;>0.1 High-level coordination with U, lagging
coordination
U, — U;>0.1 High-level coordination with U; lagging
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Notes

1
2
3

https:/ /www.tianditu.gov.cn/ (accessed on 18 October 2021).
http://gcjsnc.gov.cn/jygg/yxzrsq/index.html (accessed on 18 October 2021).
https:/ /www.sohu.com/a/165152776_718281 (accessed on 18 October 2021).
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