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Abstract

Against the backdrop of Shenzhen'’s high-density urban environment, the multifunctional
design of water purification plants offers dual benefits: providing residents with urban
green spaces while simultaneously mitigating NIMBY sentiments due to their inherent
characteristics. Unlike traditional urban development, Shenzhen’s water purification plants
integrate into residents’ daily lives. Therefore, optimizing the built environment and road
network structure to enhance residents’ perceptions of proximity benefits while reducing
NIMBY (Not In My Backyard effect) sentiments holds significant implications for the
city’s sustainable development. To address this question, this study adopted the following
three-step mixed-methods approach: (1) It examined the relationships among residents’
YIMBY (Neighboring Benefits Effect) and NIMBY perceptions, perceptions of park spaces
atop water purification plants, and perceptions of accessibility through questionnaire
surveys and structural equation modeling (SEM), establishing a scoring framework for
comprehensive YIMBY and NIMBY perceptions. (2) Random forest models and Shapley
Additive Explanations (SHAP) analysis revealed nonlinear relationships between the built
environment and composite YIMBY and NIMBY perceptions. (3) Spatial syntax analysis
categorized the upgraded road network around the water purification plant into grid-
type, radial-type, and fragmented-type structures. Scatter plot fitting methods uncovered
relationships between these road network types and resident perceptions. Finally, negative
perceptions were mitigated by optimizing path enclosure and reducing visual obstructions
around the water purification plant. Enhancing neighborhood benefits—through improved
path safety and comfort, increased green spaces and resting areas, optimized path networks,
and diversified travel options—optimized the built environment. This approach proposes
design strategies to minimize NIMBY perceptions and maximize YIMBY perceptions.

Keywords: high-density cities; public infrastructure; the combined effects of NIMBY and
YIMBY; built environment; design strategies

1. Introduction
1.1. Research Background and Significance

In the rapid urbanization of Shenzhen'’s high-density urban areas, the exploration of ef-
ficient land use integration and multifunctional spatial models to address land scarcity has
triggered a balancing act between NIMBY and YIMBY effects. This focuses on optimizing
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built environment design within limited spaces, primarily achieved by reducing NIMBY
perceptions of water purification plants through physical barriers (e.g., optimizing path
enclosure) while enhancing park appeal via safe and comfortable access routes for residents
visiting parks above the plants, thereby amplifying proximity benefits. This ultimately
enables systematic, comprehensive optimization of both proximity and NIMBY perceptions.
The trend toward integrated water infrastructure in Shenzhen has evolved through the fol-
lowing three distinct phases: Phase One (1980s): Early water purification plants constructed
on wasteland. Accelerated industrialization outpaced sewage treatment capacity, leading
to urban encroachment around purification plants and triggering NIMBY effects. Phase
Two (Early 21st Century): Urban development shifted from low-density to high-density.
Increasing population density and concentrated community facilities brought purification
plants closer to residential areas, reigniting NIMBY concerns. This phase spurred demand
for functionally integrated water purification plants, accompanied by renewed NIMBY
effects. The third phase addresses the established model of multi-functional water treat-
ment plants outlined in relevant planning documents (“The Shenzhen Sewage Pipeline
Network Construction Plan (2015-2020)” and “The Shenzhen Urban Planning Standards
and Guidelines (2019 Revised Edition)” both stipulate that sewage treatment plants should
prioritize underground or semi-underground construction models. They explicitly require
that the space above such facilities be developed into public amenities such as parks, green
spaces, or sports grounds to enhance the living environment of surrounding areas), while
simultaneously tackling the challenge of transitioning from NIMBY to YIMBY acceptance
to enhance the living environment in surrounding areas.

1.2. Definition of Related Concepts

(@ Functionally Integrated Water Purification Plant: From an architectural perspective,
“integration” represents a design philosophy that combines multiple functions to fulfill both
engineering production requirements and the daily needs of urban public spaces [1]. This
approach creates spatially integrated designs for urban underground sewage treatment
plants with diverse layout configurations (Figure 1).
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Figure 1. Schematic diagrams of different layout forms. (a) Fully underground layout (single-

layer cover); (b) fully underground layout (double-story structure); and (c) semi-basement layout
(double-story structure).

@ Neighborhood avoidance: “Neighborhood avoidance facilities” generally refer to
those whose siting process faces opposition due to concerns about pollution, noise, or other
negative impacts on nearby residents. The “NIMBY effect” describes residents’ rejection of
such facilities stemming from anxiety over potential adverse effects, leading to resistance or
protests. This study focuses on NIMBY perceptions specifically persisting after functional
optimization of facilities [2—4].

(® Neighborhood Benefits: This study centers on the public activity spaces and park-
like green areas within the upper zones of functionally integrated water purification plants.
Specifically, it examines the positive neighborhood benefits perceived by surrounding
residents following the functional integration of such facilities [5].
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® Built Environment: This refers to the physical spatial environment shaped by
human activities (such as walking, cycling, resting, and exercising in the park areas above
the composite water treatment plant), encompassing elements like buildings, roads, public
facilities, green spaces, and their spatial arrangements [6].

1.3. Research Objectives

This study focuses on residents’ comprehensive perceptions of NIMBY and YIMBY
attitudes toward multi-functional water purification plants. Its core lies in dissecting
residents’ perceptions and evaluations of multi-functional water purification plants and
their surrounding environments in daily life, with particular emphasis on exploring the
relationship between built environment elements near such plants and residents” expe-
riences. It investigates which built environment factors enhance or mitigate residents’
NIMBY or NIMBY-positive sentiments toward water purification plants. The study inno-
vatively dissects the nonlinear relationship between the built environment and NIMBY
perceptions. Employing machine learning nonlinear analysis methods, it examines the
association between the built environment surrounding water purification plants and resi-
dents’ comprehensive NIMBY perceptions. For each built environment element, it provides
corresponding optimal value ranges, offering a novel theoretical perspective for related
fields. Finally, it proposes specific strategies for optimizing environmental elements and
road network spatial structures, aiming to provide practical guidance for the planning and
design of surrounding areas.

1.4. Research Review

A literature analysis of domestic and international studies on the NIMBY effect reveals
the following two key findings: first, existing research on integrating water treatment plants
into urban parks remains notably scarce. Second, few models have combined perceived
perceptions with built environment characteristics in this context. These findings lay
the groundwork for analyzing the perceived effects of NIMBY facilities in high-density
environments and developing optimization strategies.

Domestically, Yang Xuefeng employed structural equation modeling (SEM) in a study
of Hangzhou's waste incineration plants, finding that residents” acceptance of NIMBY
facilities largely depends on their perceived benefits and trust. Therefore, during facility
siting and construction, efforts should focus not only on minimizing negative environ-
mental impacts, but also on addressing residents’ psychological concerns [7]. Bai Yang
et al., through questionnaire surveys, entropy weight analysis, kernel density analysis,
and location-allocation modeling, studied waste treatment facilities in Huizhou City. They
found that NIMBY effects are more likely to occur in economically developed, densely
populated areas. This implies that infrastructure planning must balance reducing con-
struction and transportation costs with minimizing public resistance [8]. Zhou Xuemei
selected Qingdao West Coast Sewage Treatment Plant as a case study. By constructing a
model and conducting visualization analysis using ArcGIS 10.2, she found that the plant
negatively impacts surrounding residential property values. For every 1 km reduction
in distance, the average residential price decreases by 0.46%, with an influence radius of
0.8 km [9]. Sun Meng employed questionnaire surveys and characteristic price models
to investigate the factors influencing residents’ attitudes toward sewage treatment plants
as NIMBY facilities in Xi’an and their spatial impact range. The study identified risk per-
ception, knowledge perception, and public trust as key determinants of resident attitudes.
Model calculations confirmed that the actual impact radius of sewage treatment plants on
surrounding residences was 1600 m. The study proposed measures to mitigate NIMBY
sentiments and principles for differentiated compensation for residents within the 300 to
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1600 m range [10]. Overseas researchers such as Salvatore Vergine conducted field studies
examining community acceptance of wind power projects, focusing on the impacts of
climate change perceptions, local attachment, and environmental attitudes. Their findings
revealed a positive correlation between future climate change perceptions and project
acceptance [11]. According to Robert, the siting controversy surrounding hazardous waste
facilities (HWFs) primarily stems from residents’” deep concerns about potential future
environmental and health risks. Faced with the long-term impacts of such facilities, public
fear and uncertainty intensify. Simultaneously, the lack of timely and transparent commu-
nication and information exchange between government and the public exacerbates this
disconnect. This communication breakdown fails to effectively address public concerns,
leading to heightened community resistance and conflict over HWF siting [12]. Pei-Ing
Wu employed the spatial Dobbin utility pricing model and local polynomial regression to
investigate whether the total benefits of urban open spaces and farmland in a Taiwanese
city increase or decrease when located near NIMBY or NIMBY facilities. He proposed that
urban planning should rationally allocate NIMBY and NIMBY facilities based on regional
characteristics (such as urbanization levels and land types) to avoid negative impacts on
open space and farmland values (Figure 2). When the distance from a residence to the
nearest urban open space falls within the influence range of a NIMBY or YIMBY facility,
the benefits of urban open space to the residence may either increase or decrease; when the
distance from a residence to the nearest urban open space falls within the influence zone of
a NIMBY or NIMHO facility, the benefits of urban open space to the residence may either
increase or decrease [13].

Figure 2. Impact of NIMBY Facilities on Urban Open Space Benefits. The distance from the residence
to the nearest urban open space falls within the influence zone of NIMBY or YIMBY facilities (left);
The distance from the residence to the nearest urban open space lies outside the influence zone of
NIMBY or YIMBY facilities (right).

Research on NIMBY perceptions both domestically and internationally has evolved
from early studies focusing on public attitudes toward NIMBY facilities near residential
areas—such as power plants and sewage treatment plants—to multidimensional interpre-
tations of individual social perceptions. Recent developments include a 2024 study by
Mengjia Liu et al. [14] investigating Chinese public acceptance of open-air sewage treatment
plants and its influencing factors. Data analysis was conducted using 3000 online question-
naires, with hypothesis testing performed via structural equation modeling (SEM). The
results revealed that compared to traditional sewage treatment plants, open-air facilities
garnered high preference from the vast majority of respondents (92.3%). In October 2024,
Xiao, ZP (Xiao, Zuopeng) et al. [15] utilized real-time population access big data to map
spatial disparities in community park visits within Shenzhen. Employing an interpretable
machine learning approach combining random forests with SHAP (Shapley Additivity
Propensity) to reveal the relative importance of built environment attributes, the study
examined nonlinear associations and interaction effects on park visits [13]. Other recent
studies have also integrated methods such as questionnaires, structural equation mod-
eling, and GIS to analyze the impact of NIMBY effects on resident attitudes and spatial
distribution across dimensions like perceived benefits, perceived risks, and perceived trust.
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These studies propose strategies to mitigate NIMBY effects, including optimizing facility
layout and strengthening public trust. This review utilizes the unique case of a water
treatment plant converted into a dual-purpose facility (treatment + park). It advances the
field by refining the integrated “SEM + Random Forest/SHAP + Spatial Syntax” method-
ology. Theoretically, it supplements the research framework through the integration of
perceived integration, built environment, and NIMBY-YIMBY concepts. Practically, it
provides actionable guidance for urban planning strategies.

2. Materials and Methods

2.1. Research Framework for the Nonlinear Relationship Between YIMBY and NIMBY Perceptions
and the Built Environment

This study progresses from qualitative to quantitative analysis, advancing from as-
sessing the current state to examining underlying mechanisms. The research pathway
exploring the nonlinear relationship between the built environment and residents” YIMBY
and NIMBY perceptions comprises the following four tasks (Figure 3). The decision-making
framework in this study first employs structural equation modeling (SEM) to construct
latent structural relationships between YIMBY and NIMBY perceptions. This clarifies
the mediating role of spatial perception and accessibility perception within the overall
resident perception mechanism, laying the theoretical foundation for subsequent empirical
analysis of built environment factors” influence pathways. Second, building upon the SEM
framework, the study further incorporates specific built environment variables through
Random Forest and SHAP analyses. This includes analysis of the importance of the follow-
ing key indicators for spatial layout and accessibility (as defined in Task 1’s three-category
independent variables): angle stride depth, straight-line distance, actual distance, and
detour rate; environmental density and functional mix indicators, including functional
mix, street-front commercial rate, path building density, and enclosure rate; facility and
service indicators such as green space pass rate, convenience store POI density, food and
beverage POI density, and distance-to-nearest-park ratio. This approach identifies key
factors influencing resident perceptions through machine learning, reveals nonlinear and
interactive relationships among variables, and provides data support and indicator-based
optimization for built environment improvements. Finally, spatial syntax analysis and
scatterplot fitting are applied to path characteristics within key variables. This typologically
analyzes the influence patterns of angular stride depth on resident perceptions across dif-
ferent road network structures. Through spatial structure categorization and trend fitting,
these methods supplement and deepen conclusions from the first two approaches, forming
a layered, progressive integrated research framework.

1. Research Task 1 involves factor selection. Based on the relevant literature and after
defining independent and dependent variables, residents’ comprehensive perceptions are
selected as the dependent variable. The following three categories of indicators serve as
independent variables: spatial layout and accessibility along the path from residential
areas to water purification plants, environmental density and functional mix, and facilities
and services.

2. Research Task 2 involves method selection. This aims to choose an appropriate
approach to explore the nonlinear influence mechanism between residents’ comprehensive
perceptions and path built environment factors. It investigates the significance of path built
environment factors” impact, their effective range, and threshold characteristics, while also
examining the relationship between road network structure types near water purification
plants and residents” YIMBY and NIMBY perceptions. Therefore, SEM structural equation
modeling is selected to reveal the relationships among residents” multi-dimensional percep-
tions, forming the basis for constructing a YIMBY and NIMBY integrated perception scoring
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system. Random forest is employed to quantify nonlinear relationships between residents’
integrated perceptions and the built environment, while spatial syntax and scatter plot
fitting serve as methods for qualitative and quantitative analysis of road network structures.

Research Task 3
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| e,
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Figure 3. Research task on the nonlinear relationship between comprehensive perception of NIMBY
and the built environment.

3. Research Task 3 establishes a framework based on the data required for YIMBY
and NIMBY comprehensive perception assessment and path built environment fac-
tors, clarifying data sources and processing methods to provide a data foundation for
empirical research.

4. Analysis of research findings specifically includes exploring residents” perceptions
across different dimensions along pathways, measuring the significance of built environ-
ment factors” influence, identifying nonlinear relationships between built environment
factors and residents’ perceptions, along with interactions among factors, and assessing
how road network structure types affect residents” perceptions of NIMBY and NIMTO.
Additionally, corresponding urban planning optimization strategies will be proposed based
on the quantitative evaluation.

2.2. Research Subjects
2.2.1. Selection of Water Purification Plants and Scope of Study

Given that infrastructure integration represents a future design trend, water purifi-
cation plants were selected based on their functional integration. All water purification
plants in Shenzhen were screened (primarily based on the following three criteria: loca-
tion in medium-to-high-density development zones, integrated functional design, and
presence of an elevated park). Shenzhen has 45 water purification plants, of which 12 are
functionally integrated. Ultimately, five plants were selected that meet the criteria of being
located in medium-to-high-density development zones (Figure 4), featuring integrated
functional design, having upper parks already open for use, and exhibiting NIMBY ef-
fects (Appendix A Table Al). The study examined their YIMBY and NIMBY perceptions,
identifying representative cases where optimized environmental design reduced residents’
NIMBY perceptions while enhancing YIMBY perceptions. Findings from this area hold
significant implications for optimizing urban spatial layouts and improving residents” qual-
ity of life. The study adopts a pedestrian perspective from residential areas to the upper
parks of water purification plants, examining how the built environment within walking
distance influences the combined perception of YIMBY and NIMBY effects. Integrating
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residents’ 15 min walking life circles and the public’s NIMBY perception distance toward
water purification plants, a research area with a 1600 m radius centered on the plants was
delineated [10].

- Density Zone 1

(Figh-Deristy Development)

- Density Zone 2
(Medium-Fiigh-Densiy Development
Density Zone 3

(Medium-Density Development)

Density Zone 1
(Medum-Cow-Densiy Developmert)

Density Zone 1

(Low-Deristy Development)

Figure 4. Shenzhen water purification plant density zoning distribution map.

2.2.2. Selection of Questionnaire Survey Participants

The questionnaire survey participants in this study comprised residents residing
within a 1600 m radius of five multi-functional water purification plants located in medium-
to-high-density areas of Shenzhen within the study scope (relevant research has obtained
ethical approval). The selection of survey participants was primarily based on the following
criteria: (1) Residential Scope: The target group was restricted to residents within a 1.6 km
radius of the water purification plants, with primary modes of travel to the parks above
the plants being walking or cycling. This ensured they could directly perceive the impacts
of the facilities and their surrounding environments, guaranteeing the validity of the sur-
vey results. (2) Diversity: Respondents encompassed varied genders, ages, occupations,
and residency durations to gather diverse perceptual data and enhance representative-
ness. (3) Surveying these core groups comprehensively reflects residents’ perceptions of
NIMBY and YIMBY effects near multi-functional water purification plants, while providing
empirical support for subsequent spatial optimization and built environment enhancement.

2.3. Establishing a Perception Evaluation System for Shenzhen’s Multi-Functional Water
Purification Plant Among Residents

2.3.1. Principles for Selecting Evaluation Indicators

Evaluation indicators are closely aligned with the core research objective: assessing the
impact of the water purification plant and its surrounding built environment on residents’
NIMBY and YIMBY perceptions. The questionnaire design was progressively supple-
mented and optimized through resident surveys, employing Likert scales for scoring to
ensure consistency and comparability of the results.

2.3.2. Questionnaire Design and Logical Structure

The questionnaire comprises the following three logical layers: () Respondent Infor-
mation Layer, (@) Perception Layer, and (3) Open-Ended Layer. The latter collects residents’
suggestions for optimizing the built environment to gather richer subjective feedback.
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2.3.3. Establishment of the Evaluation System

Drawing on the relevant literature, we constructed measurement indicators for NIMBY
perception (Table 1), YIMBY perception (Table 2), perception of the park space above
(Table 3), and accessibility perception (Table 4). These indicators comprehensively evaluate
residents’ perceptions of the water purification plant across the following four dimensions:
NIMBY, YIMBY, spatial perception, and accessibility. Utilizing these metrics allows for
separate assessments of the plant’s negative effects, positive effects, residents’ spatial
perception of the park above the plant, and their perception of path accessibility.

Table 1. Neighborhood awareness measurement scale.

Dimension

Norm

Descriptive

Neighbor
avoidance
perception

Air pollution [16]

Noise pollution
[17]

Health impact

Impact of house
prices
[18]

Psychological
unhappiness
[19]

Traffic pressure

Air quality is affected by odors, dust, and harmful
substances that may be emitted during the operation
of the water purification plant
Potential noise disturbance from the water
purification plant and surrounding traffic, affecting
residents’ sleep and quality of daily life
Potential problems of mosquito breeding, garbage
dumping, etc., from water purification plants,
affecting the health and sanitation of residents
The water purification plant may result in a decrease
in home prices or limited appreciation in the
neighborhood, reflecting the economic
perceptions of residents
Negative emotions such as anxiety and anxiety
caused by environmental problems (e.g., noise, air
pollution, etc.) at the water purification plant
Increased traffic from the water purification plant
could lead to congestion and affect
residents’” accessibility

Table 2. Neighborhood perception measurement scale.

Dimension Norm Descriptive
Facilities such as the Upper Water Purification Plant
PP
Community benefits Park provide social spaces that promote
[20] neighborhood interaction and enhance residents’
sense of belonging to the community
Environmental The water purification plant improves water and air
benefit [21] quality, freshens the surrounding environment, and
increases residents’ sense of well-being
Green spaces and recreational spaces at the water
. . purification plant promote the physical and mental
Sense of Quality of life [22] health of residents, increase physical activity, and
neighborhood improve mental health
awareness The water purification plant will stimulate the

Health benefits

Economy and land
values

Visual and
environmental sense
[23]

economic development of the surrounding area,
increase the value of land and real estate, and
improve the economic interests of residents
Focus on aesthetic design and greening of parks to
enhance residents’ preference and overall
satisfaction with the environment
Landscaping and greening of the water purification
plant improves the aesthetic value of the area and
enhances the visual perception of the environment
and the sense of well-being of residents
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Table 3. Measurement scale for spatial perception in upper parks.

Dimension Norm Descriptive

Assess whether the parks provide sufficient space for
exercise, such as trails and sports areas, to enhance
residents’ freedom of movement
Focus on social spaces such as rest areas and seating in
parks to promote resident interaction and

Dynamic actives
(24]

Static exchange sites

(25] : .
community cohesion
Upper Park Space Space and height Examine the design of park trails, such as flatness and
perception difference slope, to ensure an accessible experience and comfortable
meter travel environment
Env1r0nrr.1e.n t and Assessing the accessibility of park amenities
accessibility

Focus on aesthetic design and greening of parks to enhance
residents’ preference and overall satisfaction with
the environment

Aesthetics and comfort
[26]

Table 4. Measurement scale for spatial perception.

Dimension Norm Descriptive
. Assesses the accessibility of paths and the clarity of paths
Convenience . . ,
[27] during walks affects residents
travel experience
Transportation Concerns the traffic conditions of routes, good road traffic
Paths to [28] may increase the frequency of travel of residents
spatial perception . Focuses on the psychological walking time from residential
Time cost . 1
[29] areas to parks, where shorter time costs the willingness of
residents to travel
Security Concerns the safety of paths, including pedestrian lanes
[30] and nighttime lighting
Comfort Evaluates the comfort and desirability of travel paths

Based on the above summary, the resident perception evaluation system for Shenzhen’s
multi-functional water purification plant is as follows (Table 5):

Table 5. Shenzhen multi-functional water purification plant: resident perception evaluation measure-

ment scale.
Theme Dimension Norm Descriptive
Air pollution Al
Noise pollution A2
Neighbor avoidance Health contamination A3
perception Impact of house prices A4
Psychological unhappiness A5
Traffic pressure Ab
Community benefit enhancement B1
Enhanced environmental benefits B2
Shenzhen F ional Quality of life enhancement B3
enzhen Functiona Neichborhood Enhanced health benefits B4
Complex & .
. erception Economic and land value
Compatible water percep enhancement B5
Percegtlilgﬁclstlaolrtllation Visual and environmental B6
v .
t h t
of Chemical Plant perception enhancemen
Residents W ificati Water purification C1
aterfpun lcah%rll. upper Static communication places C2
actfory %u 1c Space and height design C3
Sense of garden space Environment and convenience C4
awareness Aesthetics and comfort C5
Convenience D1
Paths to spatial Trarll}isr,r}:gztoast;on gg
perception Safety D4

Comfort D5
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2.4. Indicator System and Quantification Methods for Built Environment Factors Affecting
Resident Perception

To systematically analyze how the built environment along the path from residential
areas to the park above the water purification plant influences residents’ perceptions, the
impact factors of the built environment are categorized into the following three types:
Environmental Density and Functional Mix (evaluating the functional distribution and
development intensity of areas surrounding the route) and Facilities and Services (analyzing
the ecological quality of the route environment and the impact of service accessibility on
residents” walking experience) (Table 6).

Table 6. Indicator system of built environment impact factors.

. . . Indicator e . ceps
Primary Indicator Secondary Indicators Abbreviations Description of Indicators Quantitative Approach

Angular

ASD

Changes in the angle of a path’s
turns as a measure of its
straightness and accessibility

71 o
ASD =Y. (180° — |6;)
i=1

Directrix

ED

Shortest straight-line distance
between origin and destination,
reflecting the idealized
accessibility of the route

ED = \/(Xz —x1)* 4+ (2 - )’

Spatial layout and
accessibility

Practical distance

ND

Actual path length along the road
network, reflecting the accessibility
and time cost of actual travel
by residents

ND = Y.di

Detour rate

DI

The ratio of the actual distance to
the straight-line distance,
indicating the degree of deviation
or detour of the route

pr=1%0

Enclosure
Environmental
density and

EC

The extent to which streets and
squares are defined by buildings,
walls, greenery, and other
urban aspects

EC =

functional mix
Path building

PBD

Ratio of building length along the
path to the length of the path,
reflecting development intensity

PBD = Lo
Lp

Functional mix

FMD

The ratio of the total floor area of

buildings of different functions to

the site area along the route, which
measures the comprehensive
intensity of land development

N
FMD =} p; x logP;
i=1

Environmental
density and
functional mix

Commercial rate
along the street

CD

The ratio of the length of
commercial buildings along the
pathway to the total length of the
pathway indicates the commercial
density along the pathway

CD — LLcom

= Lpamn

Greenfield
pass-through rate

GPR

The proportion of green space
along the path to the total path
coverage, indicating the ecological
quality of the path

GPR = X Lgreen

Lyatn

Convenience Store
POI Secret
degree (angles,
temperature, etc.)

CSD

Number of convenience stores per
unit area along the route, reflecting
accessibility of amenities

N
D = DNatore
cs Lpnth

Facilities and

Services Restaurant POI

Density

RD

Number of food and beverage
facilities per unit area along the
path, indicating the extent to
which the path meets immediate
consumption needs

RD = Nresteruant
Lyatn

Distance ratio to the
nearest park

DPR

Ratio of distance to nearest park to
distance to park above water
quality purification plant

DPR = D2

Dwp
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2.5. Questionnaire Data Analysis and Construction of the NIMBY and YIMBY Comprehensive
Perception Evaluation System

2.5.1. Reliability and Validity Analysis

(1) Reliability Analysis: This study employed Cronbach’s alpha coefficient—a com-
monly used reliability metric—as the key indicator. Based on 248 valid questionnaires,
SPSS 22.0 software was utilized to examine all measurement items (Tables 7 and 8).

Table 7. Overall reliability statistics of the questionnaire.

Cronbach Alpha Item Count (of a Consignment, etc.)
0.838 22

Table 8. Reliability statistics for the four dimensions of the questionnaire.

Correlation of Clone Bach After Dimensional
Dimension Item Corrected Entries to Deletion of Items Reliabilit
Totals Alpha y
Neighborhood
Awareness Al 0.743 0.844
Neighborhood
Awareness A2 0.735 0.846
Neighborhood
0.700 0.852
Neighborhood Awareness A3 0.876
awareness Neighborhood 0.632 0.863 .
Awareness A4 ’ ’
Neighborhood
Awareness A5 0.656 0.859
Neighborhood
Awareness A6 0.622 0.865
Neighborhood
perception B1 0.643 0.825
Neighborhood 0.663 0.822
perception B2 ' '
Neighborhood
Neighborhood perception B3 0684 0818 0.851
perception Neighborhood 0.634 0.827 ’
perception B4 ’ ’
Neighborhood 0.638 0.827
perception B5 ' '
Neighborhood 0.570 0.841
perception B6 ’ ’
Spatial perception C1 0.577 0.719
Spatial Spatial perception C2 0.503 0.743
patia Spatial perception C3 0.531 0.734 0.772
awareness Spatial perception C4 0.508 0.744
Spatial perception C5 0.605 0.708
Accessibility
perception D1 0.604 0.685
Accessibility
o perception D2 0.276 0.794
ACCQSSlblllty ACCQSSibﬂity 0.554 0.700 0.755
awareness perception D3 ’ ’
Accessibility
perception D4 0.613 0.676
Accessibility 0.588 0.686

perception D5
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In the study, the overall reliability coefficient of the questionnaire was 0.838, with all
dimension reliability coefficients exceeding 0.7 (see table for details), indicating a good
reliability quality of the research data. Regarding the perceived accessibility dimension, the
figure highlights the need for particular attention to the impact of the “Perceived Accessibil-
ity D2” item. After removing this item, the dimension’s reliability coefficient increased from
0.755 to 0.794, indicating that the overall reliability of the dimension improved following
its deletion. Therefore, it is recommended to remove the “Perceived Accessibility 2” item
to enhance the reliability of this dimension. After deleting the Perceived Accessibility D2
item, the reliability coefficients for the Perceived Accessibility dimension are as shown in
the table below (Table 9).

Table 9. Reliability statistics of perceived accessibility.

. Clone Bach
. . Corrected Line . .
Dimension Subiect vs. Total Alpha After Dimensional
(Math.) ) : Deletion of Reliability
Correlate
Items
Accessibility 0.437 0.740
perception D1
Accessible
Sensory 0.452 0.791
A ibili perception D3
ccessibility Accessible 0.794
awareness Sensory 0.614 0.710
perception D4
Accessible
Sensory 0.634 0.722
perception D5

In the reliability analysis following item deletion, the reliability coefficient for the
perceived accessibility dimension reached 0.794, further validating the data’s reliability
and consistency. The removal of other items did not significantly improve the reliability
coefficient, thus rendering further deletions unnecessary. The corrected item-total corre-
lations (CITC values) for all items exceeded 0.4, indicating strong inter-item correlations.
This confirms the scale’s high reliability and suitability for subsequent analysis.

(2) Validity Analysis: This study employs validity analysis to assess the effectiveness
of the questionnaire tool design in reflecting the theoretical framework and constructs of
the research, evaluating whether it adequately captures each measurement dimension. To
evaluate the scale’s ability to capture latent variables, Campbell and Fiske introduced the
concepts of convergent and discriminant validity. Factor analysis is widely used to validate
the structural validity of questionnaires, with KMO values and Bartlett’s sphericity test
serving as prerequisites for conducting factor analysis. Factor analysis is categorized into
exploratory factor analysis (EFA) and confirmatory factor analysis (CFA). In this study,
exploratory factor analysis (EFA) was employed to verify whether the dimensions of the
questionnaire design aligned with the intended structure. According to SPSS test results,
the overall KMO value for the scale was 0.858, and Bartlett’s sphericity test yielded a
chi-square value of 2263.609 with a significance level below 0.001 (Table 10). These findings
indicate that the scale meets the prerequisites for factor analysis regarding construct va-
lidity, confirming that the questionnaire design effectively reflects the latent dimensions
being measured.
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Table 10. KMO test and Bartlett sphere test.

KMO Sampling Bartlett’s Sphericity Test
Adequacy Measure  Approximate Chi-Square  Degrees of Freedom Significance
0.858 2263.609 210 0.000

This study employed principal component analysis to extract factors, and through
maximum orthogonal rotation, identified factors with eigenvalues greater than 1. The
specific results are shown in (Table 11). A total of four factors with eigenvalues greater than
1 were extracted. The cumulative variance explained by the first four principal components
was 60.031%, exceeding 60%. This indicates that the first four factors effectively reflect the
main information in the data, highly consistent with the variables set in the questionnaire,
and the factor structure is reasonable.

Table 11. Total variance explained.

Characteristic Root Explanatory Rate of Variance Before Rotation Post-Rotation Variance Explained
1\}::;:]221- Charﬁgt:trsistics E)?sll::;tcifm Cum};ﬂlative Charﬁ:’l:trsistics E)?lﬁlzzgtcizn Cum};ﬂlative Char;;t:trsistics E)?I])allzralgtcif)n Cum;ﬂlative
Rate % Rate % Rate %
1 5.596 26.648 26.648 5.596 26.648 26.648 3.783 18.013 18.013
2 3.923 18.683 45.331 3.923 18.683 45.331 3.404 16.211 34.223
3 1.652 7.866 53.197 1.652 7.866 53.197 3.005 14.308 48.531
4 1.435 6.834 60.031 1.435 6.834 60.031 2.415 11.499 60.031
5 0.887 4.222 64.253 - - - - - -
6 0.782 3.723 67.976 - - - - - -
7 0.770 3.665 71.641 - - - - - -
8 0.697 3.321 74.962 - - - - - -
9 0.631 3.005 77.967 - - - - - -
10 0.611 2.910 80.877 - - - - - -
11 0.500 2.379 83.257 - - - - - -
12 0.481 2.290 85.546 - - - - - -
13 0.439 2.092 87.638 - - - - - -
14 0.427 2.032 89.670 - - - - - -
15 0.409 1.948 91.618 - - - - - -
16 0.371 1.766 93.384 - - - - - -
17 0.349 1.661 95.045 - - = - - -
18 0.329 1.568 96.613 - - - - - -
19 0.260 1.240 97.853 - - - - - -
20 0.229 1.090 98.942 - - - - - -
21 0.222 1.058 100.000 - - - - - -

Based on the results in Table 12, it can be observed that the factor loadings for all
measurement indicators exceed 0.5, while cross-loadings remain below 0.4. A total of
21 indicators were extracted and categorized into the following four factors: Factor 1 cor-
responds to NIMBY perception, Factor 2 to NIMBY benefit perception, Factor 3 to spatial
perception, and Factor 4 to accessibility perception. These measurement indicators are con-
centrated within their respective factors, indicating that the scale possesses good construct
validity. It effectively measures the intended perceptual dimensions, demonstrating sound
validity for the questionnaire, which can proceed to the next stage of data analysis.
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Table 12. Table of factor loading coefficients after rotation.

Name (of a Factor Loading Factor Commonality (Common
Thing) Factor 1 Factor 2 Factor 3 Factor 4 Factor Variance)
Al 0.822 0.094 —0.107 —0.041 0.698
A2 0.813 0.074 —0.108 0.032 0.680
A3 0.787 0.068 —0.151 —0.022 0.647
A4 0.745 0.117 0.088 —0.111 0.589
A5 0.776 —0.052 —0.007 0.024 0.605
A6 0.746 —0.048 —0.016 —0.017 0.559
B1 0.107 0.833 —0.064 0.110 0.722
B2 0.059 0.799 0.050 0.193 0.682
B3 0.006 0.693 0.336 0.161 0.619
B4 —0.088 0.704 0.278 0.083 0.588
B5 0.048 0.647 0.360 0.107 0.562
Bé6 0.155 0.591 0.354 0.071 0.504
C1 —0.040 0.161 0.708 0.196 0.567
C2 —0.134 0.125 0.638 0.131 0.458
C3 —0.107 0.219 0.619 0.081 0.450
C4 0.012 0.114 0.704 0.053 0.512
C5 —0.054 0.179 0.687 0.249 0.569
D1 0.033 0.149 0.391 0.669 0.623
D3 0.097 0.324 0.249 0.555 0.484
D4 —0.090 0.117 0.109 0.849 0.754
D5 —-0.111 0.120 0.110 0.835 0.737

2.5.2. Descriptive Analysis of Questionnaire Data

(1) Questionnaire Recovery: To ensure data objectivity and validity, an anonymous
pre-survey was conducted to refine the questionnaire before the formal survey. A total
of 275 questionnaires were distributed across all sample sites, with 248 valid responses
ultimately obtained. The sample size met the research requirements, and the respondents’
basic information provided comprehensive foundational data for subsequent analysis.
Analysis of travel patterns revealed that the built environment along walking routes is
closely linked to residents’ park usage experiences and perceptions.

(2) Descriptive Statistics Analysis by Dimension: Based on valid samples from five wa-
ter purification plants and questionnaire data from 106 distinct residential areas, descriptive
statistical analysis was conducted across different dimensions, as follows: (1) Analysis of
NIMBY Perception Mean and Standard Deviation (Figure 5). Overall, the Buji Phase 1 Water
Purification Plant recorded the highest average NIMBY perception score at 16.58 points,
while the Futian Water Purification Plant had the lowest average score at 15.06 points.
Among NIMBY perceptions, the public perceived the greatest traffic pressure from the
parks above the water purification plants, while the lowest perception was for sanitary
pollution caused by the plants. Residents near the Banxuegang Water Purification Plant
showed the greatest variation in perceptions across different dimensions, while those
near the Futian Water Purification Plant showed the least variation. Among all percep-
tion dimensions, residents near water purification plants showed the greatest variation
in perceptions of psychological discomfort caused by the plants, while the least variation
was observed in perceptions of the plants” impact on property values. (2) Analysis of
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Neighborhood Benefit Perception Averages and Standard Deviations (Figure 6). Overall,
the Banxuegang Water Purification Plant had the highest average neighborhood benefit
perception score at 22.39 points, while the Futian Water Purification Plant had the lowest
average score at 20.74 points. Public perception of the quality-of-life enhancement brought
about by parks above water purification plants was strongest, while perception of the
environmental benefit enhancement from these parks was weakest. Residents near the
Buji Phase 2 Treatment Plant exhibited the greatest variation in perceptions across different
dimensions of neighborhood benefits, while those near the Banxuegang Water Purification
Plant showed the least variation. Among all perception dimensions, residents near the
treatment plants reported the greatest variation in evaluations of the visual and environ-
mental enhancements brought by the parks above the plants, while the least variation was
observed in perceptions of the parks’ impact on economic and land value appreciation.
(® Analysis of Spatial Perception Mean and Standard Deviation (Figure 7). Overall, the
Banxuegang Water Purification Plant had the highest average spatial perception score at
20.46 points, while the Buji Phase 1 Water Purification Plant had the lowest average spatial
perception score at 18.48 points. The public rated the static gathering spaces at the water
purification plant upper park the highest, while the spatial and elevation design received
the lowest evaluation. Residents near the Honghu Water Purification Plant exhibited the
greatest variation in perceptions across different spatial dimensions, while those near the
Buji Phase 2 Plant showed the least variation. Among all perception dimensions, residents
near the purification plants showed the greatest variation in evaluations of the aesthet-
ics and comfort of the parks atop the plants, while the least variation was observed in
evaluations of the environmental quality and convenience of these parks. (4) Analysis
of Accessibility Perception Averages and Standard Deviations (Figure 8). Overall, the
Honghu Water Purification Plant had the highest average accessibility perception score at
13.96 points, while the Buji Phase 1 Water Purification Plant had the lowest average score at
12.01 points. Among accessibility perceptions, the public rated the route convenience to the
Upper Park of the water purification plant highest, while comfort of the route to the Upper
Park received the lowest evaluation. Residents in different areas surrounding various water
purification plants reported varying perceptions of accessibility to the Upper Park. These
perceptions may influence residents’ visit frequency, thereby affecting their perceptions of
the locational benefits and drawbacks of functionally integrated water purification plants.
Residents near the Banxuegang Water Purification Plant exhibited the greatest variation in
perceptions across accessibility dimensions, while those near the Futian Water Purification
Plant showed the least variation. Among all perception dimensions, residents near the
plants differed most significantly in their evaluations of path comfort to the upper park,
while showing the least variation in their assessments of path convenience.

*\//.\\ /

(a) (b)

Figure 5. Comparison of NIMBY perception mean values (a) and standard deviations (b) across
five cases.
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(a) (b)

Figure 6. Comparison of YIMBY perception mean values (a) and standard deviations (b) across
five cases.

. =

(@) (b)

Figure 7. Comparison of mean (a) and standard deviation in spatial perception (b) across five
case studies.

(a) (b)

Figure 8. Comparison of the mean (a) and standard deviation (b) of the five cases” perceptual scores.

2.5.3. Correlation Analysis

(1) Correlation Analysis of NIMBY Perception: This study conducts correlation anal-
ysis on the four perception dimensions within the survey data. The sign of the p-value
[—1, 1] is used to test the significance of the correlation coefficient, determining the mu-
tual relationships and their closeness among these dimensions. This analysis advances
subsequent research on optimizing YIMBY and NIMBY perceptions (Tables 12 and 13).
Correlation analysis reveals a significant negative relationship between NIMBY perception
and spatial perception, with a p-value of —0.137. This indicates that residents who perceive
negative impacts from water purification plants tend to underestimate the quality and
design of park spaces, while those who evaluate park spatial quality more highly perceive
fewer negative impacts.

(2) Analysis of Perceived Neighborhood Benefits: The analysis of residents’ perceived
neighborhood benefits is shown in Table 14. According to the results of the correlation
analysis, the p-values of 0.483 and 0.485 are both positive, indicating that perceived neigh-
borhood benefits exhibit a highly positive correlation with both perceived spatial quality
and perceived accessibility. In other words, the higher residents rate the spatial quality of
the park above the water purification plant, the stronger their perception of the benefits
brought by the plant and its park (such as improved quality of life and community interac-
tion). Similarly, the strong positive correlation between neighborhood benefits perception
and accessibility perception indicates that residents perceive more positive benefits from
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the water purification plant and its overlying park when they find the pathways to the park
more convenient.

Table 13. Neighborhood awareness correlation analysis.

Neighborhood Awareness

. . Correlation coefficient 0.091

Neighborhood perception p-value 0.151
Spatial awareness Correlation coefficient —0.137 *

p-value 0.031

Perceived accessibility Correlation coefficient 0.001

p-value 0.986

7

indicates significance, meaning there is a significant negative correlation between NIMBY perception and
spatial perception.

Table 14. Neighborhood perception correlation analysis.

Neighborhood Perception

Spatial awareness Correlation coefficient 0.483 **
p-value 0.000

Perceived accessibility Correlation coefficient 0.485 **
p-value 0.000

“**” indicates significance, with a strong positive correlation observed between neighbor benefit perception and
spatial/perceptible accessibility perception.

2.5.4. SEM Structural Equation Modeling Analysis

To reveal causal relationships and mediating effects among variables, structural equa-
tion modeling will be employed to provide a more systematic theoretical framework for
understanding the complex interplay between perceived accessibility, spatial perception,
perceived benefits, and perceived nuisance.

1. Structural Equation Model Construction and Hypotheses for NIMBY Perception:

Based on environmental behavior theory and correlation analysis of NIMBY percep-
tion, a structural equation model for NIMBY perception was constructed to explore the
relationships among perceived accessibility, spatial perception, and NIMBY perception.
Drawing from environmental behavior theory’s insights on how environmental factors
influence residents’ perceptions, this study proposes the following hypotheses (Figure 9):

i [Dynamic Activity] [ Static Commun- | [ Space and Height | !
1| Experience ication Space Design !
Environment and Aesthetics and
Convenience Comfort
Space
Perception

Convenience Accessibility ! NIMBY Air Pollution
| Time Cost Perception ' ; Perception Noise Pollution |

: Safety Health Impact i

il
i

: Comfort House Price |1

Psychological ‘
Displeasure '

Traffic Pressure |

Figure 9. Schematic diagram of the perceived NIMBY structure hypothesis.
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Hypothesis 1: Perceived accessibility directly influences NIMBY perception.

Hypothesis 2: Spatial perception mediates the relationship between perceived accessibility
and NIMBY.

Hypothesis 3: Spatial perception has a significant direct effect on NIMBY.

(1) Fit Evaluation of the Structural Equation Model for NIMBY Perception: The fit of
the structural equation model for NIMBY perception is shown in Table 15, indicating that
the model performs well.

Table 15. Goodness-of-Fit measures for the perceived NIMBY structural equation model.

Norm CMIN/DF RMSEA GFI TFI CF1
Best indicator <3 <0.08 >0.90 >0.90 >0.90
Measurement results 2.033 0.065 0.907 0.921 0.935

As shown in the table, the CMIN/DF ratio is 2.033, which is below the standard
value of 3, indicating that the model fits well overall. The RMSEA is 0.065, lower than the
recommended standard of 0.08, suggesting that the model fits well. Additionally, the GFI,
TFI, and CFI values are 0.907, 0.921, and 0.935, respectively, all exceeding 0.9 and meeting
the excellent standard. Therefore, all fit indices comply with general standards, confirming
the structural equation model’s satisfactory fit for further path analysis and mediation
effect testing. The final structural equation model and model fit results are presented below
(Figure 10):
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Figure 10. Structural equation model of NIMBY perception.

(2) Path Analysis and Results of the Structural Equation Model for NIMBY Perception:
Path analysis within the structural equation model for NIMBY perception revealed the
influence relationships among variables (Table 16).

In path analysis, the standardized path coefficient between perceived accessibility and
spatial perception was 0.565, with a critical ratio (C.R.) of 6.493 and a significance level
of p < 0.05. This indicates that perceived accessibility significantly positively influences
spatial perception. Subsequently, the effect of spatial perception on perceived NIMBY was
analyzed. The standardized path coefficient was —0.163, with a C.R. value of —1.625 and
a significance level of p = 0.104. Since p > 0.05, this path did not reach statistical signifi-
cance, indicating that spatial perception does not significantly influence NIMBY perception.
Finally, the effect of accessibility perception on NIMBY perception was examined. The
standardized path coefficient was —0.007, with a C.R. value of —0.076 and a significance
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level of p = 0.939. Similarly, this failed to reach statistical significance, indicating that
accessibility perception does not significantly influence NIMBY perception. Overall, acces-
sibility perception exhibits a significant positive effect on spatial perception, while neither
spatial perception nor accessibility perception demonstrates a significant relationship with
NIMBY perception.

Table 16. Neighborhood awareness structural equation model path analysis results.

Trails Estimate S.E. C.R. p Std. Estimate
Spatial awareness <--- Perception of accessibility 0.391 0.060 6.493 ok 0.565
Neighborhood awareness <--- Spatial perception —0.253 0.156 —1.625 0.104 —0.163
Neighborhood awareness  <--- Perception of accessibility —0.008 0.105 —0.076 0.939 —0.007

27 indicates a significance level of p <0.05, suggesting that accessibility perception has a significant positive
effect on spatial perception.

Mediating Effect Test of Structural Equation Model for NIMBY Perception: To validate
the mediating role of spatial perception between accessibility perception and NIMBY
perception, this study employed Bootstrap sampling to test the mediating effect (Table 17).
The 95% confidence interval calculated via Bootstrap sampling indicates a significant effect
if the interval does not include 0. If the total effect, indirect effect, and direct effect all hold,
the mediation is partial mediation. If the total effect and indirect effect hold but the direct
effect does not, the mediation is full mediation. It is evident that none of the effects (direct,
indirect, or total) reached statistical significance. Therefore, we can conclude that spatial
perception did not significantly mediate the relationship between accessibility perception
and NIMBYism.

Table 17. Neighborhood aversion perception mediation effect test results.

Type of Effect Trails Estimate Lower Upper p
Reachability perception —
Direct effect Neighborhood avoidance —0.008  —0.240 0.333 0.956
perception

Reachability perception —
Indirect effect Spatial perception — —0.099  —0.340 0.028 0.130
Neighborhood perception

Reachability perception —
Aggregate effect Neighborhood avoidance —0.107 —0.266 0.088 0.262
perception

2. Structural Equation Modeling Analysis of YIMBY Perception

(1) Construction and Hypotheses of the Structural Equation Model for YIMBY Percep-
tion: Based on environmental behavioral theory and correlation analysis of neighborhood
benefit perception, this study constructed a structural equation model for YIMBY percep-
tion to explore the relationships among perceived accessibility, spatial perception, and
YIMBY perception (Figure 11):

Hypothesis 1: Perceived accessibility directly influences YIMBY perception.

Hypothesis 2: Spatial perception mediates the relationship between perceived accessibility and
YIMBY perception.

Hypothesis 3: Spatial perception has a significant direct effect on YIMBY perception.
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Figure 11. Schematic diagram of the YIMBY perception structural equation hypothesis.

This structural equation model incorporates three primary variables—perceived acces-
sibility, spatial perception, and YIMBY perception—to validate how perceived accessibility
and spatial perception influence YIMBY perception through mediating pathways.

(2) The structural equation model for neighborly perception employed multiple fit
indices to ensure the model adequately captured the actual data. The initial model fit
evaluation results, as shown in (Table 18), present the preliminary fitting outcomes.

Table 18. Initial Goodness-of-Fit metrics for YIMBY perception structural equation models.

Norm CMIN/DF  RMSEA GFI TFI CFI
Best indicator <3 <0.08 >0.90 >0.90 >0.90
Measurement results 2.953 0.089 0.875 0.855 0.880

As shown in Table 18, the CMI/DF value is 2.953, which is below 3 and meets the
recommended standard; however, the RMSEA is 0.089, exceeding the benchmark value of
0.08, indicating poor model fit. Additionally, the GFI (0.875), TFI (0.855), and CFI (0.880)
values all fall below 0.9, failing to meet the criteria for excellent fit. Based on these results,
the initial model’s fit does not reach an ideal level, necessitating model refinement.

As shown in the table, the CMIN/DF value is 2.953, which is less than 3 and meets
the recommended standard; however, the RMSEA is 0.089, exceeding the benchmark
value of 0.08, indicating poor model fit. Additionally, the GFI (0.875), TFI (0.855), and CFI
(0.880) values all fall below 0.9, failing to meet the criteria for excellent fit. Based on these
results, the initial model’s fit did not reach an ideal level, necessitating model modification.
To improve model fit, the model was revised using the Modified Index (MI). Following
the modifications, the final model’s fit improved significantly, with the specific results
presented in (Figure 12) and (Table 19).

Table 19. Final revised model fit for YIMBY perception structural equation model.

Norm CMIN/DF  RMSEA GFI TFI CFI
Best indicator <3 <0.08 >0.90 >0.90 >0.90
Measurement results 1.949 0.062 0.915 0.929 0.942
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Figure 12. Revised model diagram of the YIMBY perception structural equation.

(1) Path analysis and results of the structural equation model for YIMBY perceptions
(Table 20): The path coefficient for the influence of accessibility perception on spatial
perception was 0.413, with a standardized path coefficient of 0.578 and a C.R. value of
6.608 (p < 0.05). This indicates that accessibility perception has a significant positive
effect on spatial perception. Influence of spatial perception on perceived neighborhood
benefits: Path coefficient = 0.448, standardized path coefficient = 0.522, C.R. value = 4.822,
p < 0.05. This indicates that spatial perception exerts a significant positive influence
on perceived neighborhood benefits. Perceived accessibility on perceived YIMBYism:
Path coefficient = 0.118, standardized path coefficient = 0.193, C.R. value = 2.149, p = 0.032,
indicating that perceived accessibility has a significant positive effect on perceived YIMBY.

Table 20. Path analysis results of the YIMBY perception structural equation model.

Trails Estimate S.E. C.R. p Std. Estimate
Spatial awareness <--- Perception of accessibility 0.413 0.062 6.608 x 0.578
Neighborhood perception <--- Spatial perception 0.448 0.093 4.822 ok 0.522
Neighborhood perception  <--- Perception of accessibility 0.118 0.055 2.149 0.032 0.193

4 indicates p < 0.05, indicating that accessibility perception has a significant positive effect on spatial perception.

(2) Mediating Effect Test of the Structural Equation Model for YIMBY Perception:
The mediating effect was tested using Bootstrap sampling. The 95% confidence interval
calculated via Bootstrap sampling indicates a significant effect if the interval does not
include 0. If the total effect, indirect effect, and direct effect all hold, partial mediation
occurs. If the total effect and indirect effect hold but the direct effect does not, full mediation
occurs. If the total effect, indirect effect, and direct effect are all significant, partial mediation
occurs. If the total effect and indirect effect are significant but the direct effect is not, full
mediation occurs. According to mediation testing criteria, if the total effect and indirect
effect are significant but the direct effect is insignificant, this indicates full mediation.
Therefore, spatial perception significantly mediates the effect of accessibility perception on
perceived proximity benefits.

2.5.5. Construction and Feature Analysis of the YIMBY and NIMBY Integrated Perception
Scoring Model
1. Score System Construction:

(1) To comprehensively evaluate residents’” overall perceptions of water purification

plants and their surrounding environments, this study proposes a scoring formula: Pro-
Neighbor Perception divided by NIMBY Perception. The following formula calculates a
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composite perception ratio by dividing Pro-Neighbor Perception (positive externalities) by
NIMBY Perception (negative externalities):

YIMBY perception

YIMBY IMBY P ion =
MBY and N erception NIMBY perception

The core function of this formula lies in quantifying residents” acceptance of public
facilities through the ratio of YIMBY to NIMBY perceptions. When this ratio exceeds 1, it
indicates that the community’s positive impacts outweigh negative ones. Higher values
signify stronger resident endorsement, while ratios below 1 warrant closer examination
of the causes behind resident resistance. Dividing the YIMBY perception score by the
NIMBY score avoids potential data distortion from direct subtraction. This approach
also enables comparisons between different areas surrounding multi-functional water
purification plants through standardized data processing.

(2) We verify the impact of accessibility on the integrated perception of YIMBY and
NIMBY based on structural equation modeling. This study reconstructs the SEM model
with the scores of YIMBY perception/NIMBY perception (integrated perception of YIMBY
and NIMBY) as the dependent variable. It focuses on analyzing the influence of spatial per-
ception and accessibility perception on this integrated perception, revealing its underlying
mechanisms to provide theoretical support for policy formulation.

(3) We establish a structural equation model and hypotheses for the integrated percep-
tion of YIMBY and NIMBY (Figure 13) based on the influence of environmental factors on
residents’ perceptions.
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Figure 13. Hypothesized structural equation model of the integrated perception of YIMBY
and NIMBY.

Hypothesis 1: Perceived accessibility exerts a direct effect on the integrated perception of YIMBY
and NIMBY.

Hypothesis 2: Spatial perception mediates the relationship between perceived accessibility and the
composite perception of YIMBY and NIMBY.

Hypothesis 3: Spatial perception exerts a significant direct effect on the composite perception of
YIMBY and NIMBY.

(4) A structural equation model fit assessment is performed for the integrated percep-
tion of YIMBY and NIMBY. In this study, multiple fit indices were employed to evaluate the
structural equation model fit. As shown in Table 21, the CMIN/DF value was 2.5473, below
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the threshold of 3, while the RMSEA value was 0.079, below 0.08. Additionally, the GFI
(0.931), TFI (0.902), and CFI (0.928) values all exceeded 0.9, meeting the excellent standard.
The model can be further utilized for path analysis and mediation effect testing. The final
structural equation model and model fit results are shown in Figure 14.

Table 21. Initial model fit indices for the integrated structural equation model of NIMBY and YIMBY
Perceptions.

Norm CMIN/DF RMSEA GFI TFI CFI
best indicator <3 <0.08 >0.90 >0.90 >0.90
Measurement results 2.547 0.079 0.931 0.902 0.928

Spatial
perception

Accessibility’
Perception

Figure 14. Hypothetical structural equation model of the integrated perception framework for NIMBY
and YIMBY.

(5) Path analysis and the results of the structural equation model for integrated percep-
tion of NIMBY and YIMBY reveal the influence relationships among variables (Table 22).
The standardized path coefficient for the effect of accessibility perception on spatial percep-
tion is 0.563, with a C.R. value of 6.234 and p < 0.05, indicating that accessibility perception
significantly positively influences spatial perception. The effect of spatial perception on the
composite perception of YIMBY and NIMBY: The standardized path coefficient was 0.368,
with a C.R. value of 3.974 and p < 0.05. This indicates that spatial perception exerts a signif-
icant positive influence on the composite perception of YIMBY and NIMBY. Standardized
path coefficient: 0.053; C.R. value: 0.607; p = 0.544. This indicates that perceived accessibility
does not exert a significant influence on NIMBY and YIMBY perceptions. In summary,
perceived accessibility significantly and positively influences spatial perception but does
not directly affect composite perception. Conversely, spatial perception significantly and
positively influences composite perception.

(6) A mediating effect test of the structural equation model for YIMBY and NIMBY
perceptions was conducted. To verify the mediating role of spatial perception between
accessibility perception and NIMBY perception, the mediating effect was tested using
Bootstrap sampling (Table 23). As demonstrated in the aforementioned study, spatial
perception significantly and fully mediated the influence of accessibility perception on the
combined perception of YIMBY and NIMBY.
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Table 22. Path analysis results of the integrated perception structural equation model for NIMBY
and YIMBY.

Trails Estimate S.E. C.R. p Std. Estimate
Spatial awareness <--- Perception of accessibility 0.501 0.08 6.234 ok 0.563
Neighborhood
benefits /neighborhood <--- Spatial perception 0.427 0.107 3.974 i 0.368
avoidance
Neighborhood
benefits /neighborhood <--- Perception of accessibility 0.055 0.09 0.607 0.544 0.053
avoidance
“***” indicates p < 0.05, indicating that accessibility perception has a significant positive effect on spatial perception.
Table 23. Test results for the mediating effect of perceived neighborly benefits and NIMBYism.
Type of Effect Trails Estimate Lower Upper p
. Reachability Perception — Neighborhood _
Direct effect Benefit/Neighbor Avoidance 0.055 0.199 0.242 0.625
. Reachability Perception — Spatial Perception —
Indirect effect Neighborhood Benefit/Neighbor Avoidance 0-214 0-109 0-387 0.000
Aggregate effect Reachability Perception — Neighborhood 0.268 0110 0.432 0.002

Benefit/Neighbor Avoidance

2. Structural Equation Modeling Analysis of Integrated Perceptions of YIMBY and NIMBY

Previous findings revealed that spatial perception fully mediated the influence of
accessibility perception on perceived neighborhood benefits, yet did not significantly
mediate between accessibility perception and perceived neighborhood disadvantages.
However, when neighborhood benefits and disadvantages were considered holistically—
by constructing an integrated perception metric of neighborhood benefits divided by
disadvantages—the mediating effect of spatial perception reemerged. This indicates that
the composite perception of NIMBY and YIMBY better reflects residents” genuine attitudes
toward facilities, with spatial perception serving as a crucial bridge in this process. It also
demonstrates that the composite perception formula—YIMBY divided by NIMBY—holds
not only theoretical significance, but also provides essential guidance for optimizing built
environments along pathways.

3.  Distinct Perception Patterns of YIMBY and NIMBY Among Different Water Purifica-
tion Plants

Based on the comparative analysis of the YIMBY-to-NIMBY perception ratios for
the five water treatment plants in the table, the following comparisons can be drawn
(Table 24): In terms of average values, the Honghu Water Purification Plant exhibits
the highest YIMBY-to-NIMBY ratio at 1.42, indicating that positive perceptions among
residents in this area significantly outweigh negative ones. Conversely, the Buji Phase 1
Water Purification Plant recorded the lowest YIMBY-to-NIMBY ratio at 1.29, suggesting that
positive and negative perceptions are roughly balanced in this area. Regarding standard
deviation, the Banxuegang Water Purification Plant exhibited the highest standard deviation
at 0.33, indicating significant variation in residents’ overall perceptions of both positive and
negative impacts. Conversely, Buji Phase 1 Water Purification Plant exhibited the smallest
standard deviation at 0.22, indicating relatively consistent perceptions among residents.
Regarding maximum and minimum values, the Honghu Water Purification Plant recorded
a maximum of 2.09 and a minimum of 0.83, reflecting substantial perception variation
within the area. In contrast, the Futian Water Purification Plant exhibited a maximum value
of 1.72 and a minimum value of 1.00, with values more concentrated than other regions’
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extremes, indicating smaller variations in residents” composite perceptions of YIMBY and
NIMBY effects.

Table 24. Analysis of Perceived NIMBY Relationships.

Water Purification Plants Average Value Star}da}rd Maximum Values Minimum Value
Deviation
Honghu Water Purification Plant 1.42 0.29 2.09 0.83
Banxuegang Water Purification Plant 1.35 0.33 2.04 0.88
Phuket Phase 1 Water Purification Plant 1.29 0.22 1.67 0.88
Phuket Phase 2 Water Purification Plant 1.32 0.29 1.90 0.93
Futian Water Purification Plant 1.33 0.23 1.72 1.00

Descriptive analysis of the YIMBY-to-NIMBY ratio reveals significant variations in
resident perceptions across different water purification plants. These differences provide a
foundation for subsequent analysis of the nonlinear relationship between built environment
and composite YIMBY and NIMBY perceptions. For example, the ratio is lowest in Phase
1 of Buji (1.29), indicating that residents’ positive and negative perceptions are roughly
equal, while the ratio is highest in Honghu (1.42), where positive perceptions dominate.
These variations validate that built environment factors may influence resident perceptions
differently across regions. They also suggest research limitations: optimizing the built
environment may affect residents’ perceptions of NIMBY and YIMBY through nonlinear
pathways. This necessitates verifying whether a threshold effect exists—where significant
shifts in perception occur only after environmental improvements reach a certain level.

3. Results
3.1. Nonlinear Relationship Between YIMBY and NIMBY Perceptions and the Built Environment

Based on the established research framework, this study adopts a holistic-to-local,
general-to-specific approach. It begins with a comprehensive perspective, employing a
random forest model to conduct an in-depth analysis of the nonlinear relationship between
built environment factors and park usage activity levels.

3.1.1. The Relative Importance of Built Environment Indicators Influencing Residents’
Composite Perceptions of YIMBY and NIMBY

The SHAP explanation framework provides researchers with an effective method, as
shown in (Figures 15 and 16). The horizontal axis represents the mean absolute value of
the SHAP value for each feature. A higher value indicates a more significant contribution
of that feature to the model output. Analysis reveals the following: (1) Regarding spatial
layout and accessibility metrics, among the indicators (angular step depth, straight-line
distance, actual distance, and detour rate), importance is ranked as follows: straight-
line distance > angular step depth > actual distance > detour rate. Optimizing the road
network design to reduce detours and path turning angles can effectively enhance residents’
positive evaluations of the park. (2) Regarding environmental density and functional mix
indicators, among the metrics (enclosure degree, path building density, functional mix,
and street-front commercial rate), the order of importance is as follows: functional mix
> street-front commercial rate > path building density > enclosure degree. Functional
diversity indicates that moderate variety enhances residents’ positive perceptions of parks
above water purification plants. Pathway building density and enclosure rate may boost
overall neighborhood benefits/naysayers” perceptions when either is excessively high
or low, requiring context-specific analysis. (3) Facility and Service Indicators reveal the
following ranking by importance: Proximity to Nearest Park > Restaurant POI Density
> Green Space Accessibility > Convenience Store POI Density. Analysis of convenience
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store POI density and food and beverage POI density indicates that higher food density not
only enhances neighborhood vitality, but also provides residents with more social venues.

Analysis of green space pass-by rate shows that high green coverage improves residents
path comfort and strengthens their positive perceptions.

Directrix Distance
Angular Step Depth

Practical Distance

Functional Mix
Commercial Rate Along The Street [N
Detour Rate

To The Nearest Park Ratio
Path Building Density
Enclosure

Dining POI Density

Greenfield Pass-Through Rate

Convenience Store POI Density ]

000 002 004 006 008
mean(|SHAP value]) (average impact on model output magnitude)

Figure 15. Ranking of built environment factors by importance.
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Figure 16. Summary of localized interpretations of built environment factors.

3.1.2. Analysis of the Correlated Role of Built Environment Indicators in Residents” YIMBY
and NIMBY Perceptions

1.  Spatial Layout and Accessibility Metrics

The SHAP model reveals complex nonlinear relationships between variables and the
dependent variable, as well as potential threshold effects. (Figure 17) Based on the local ex-
planatory plots for the inter-location and accessibility indicator variables, the following can
be observed: (1) Areas within 0-500 m (straight-line distance) or 0-700 m (actual distance)
from the water treatment plant’s upper park require focused efforts to mitigate NIMBY
effects. For zones exceeding 1200 m (straight-line distance) or 1500 m (actual distance),
prioritize enhancing accessibility to the upper park to strengthen perceived benefits. (3) An-
gular stride lengths between 0 and 3 m can enhance residents’ clear perception of paths
and improve perceived neighborhood benefits. When turning angles exceed 3 degrees,
the pedestrian network should be optimized to enhance path accessibility. Regarding
detour rate indicators, efforts should focus on reducing detour rates and improving the
accessibility of paths from residential areas to the park above the water purification plant.

2. Environmental Density and Functional Mix Index

The local explanatory plot for the Environmental Density and Functional Mix Index
variable is shown in (Figure 18). (1) Based on the above explanatory analysis, the func-
tional mix in the vicinity of the water purification plant should be maintained around
0.2, prioritizing residential and commercial functions with industrial land use as a sec-
ondary component. Controlling the street-front commercial ratio around 0.1 is appropriate.
An excessively low commercial proportion may diminish the area’s vitality and appeal,
negatively impacting residents’ positive perceptions. Conversely, moderately increasing
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the street-front commercial share can enhance regional dynamism and improve residents’
positive environmental experiences.
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Figure 17. Localized explanation diagram of spatial layout and accessibility indicator variables.
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Figure 18. Localized explanatory plots of environmental density and functional mixing indicator

variables.

3. Facility and Service Indicators

The local explanatory diagram for facility and service indicator variables is shown in
(Figure 19).
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Analysis of the above diagram reveals that when residents are closer to the water
purification plant’s upper park than to other parks, they are more inclined to use the water
purification plant’s upper park, thereby enhancing their overall perception of neighbor-
hood benefits and neighborhood avoidance. Therefore, it is necessary to optimize the
layout of urban parks and improve the accessibility of the water purification plant’s upper
park. When the density of food service POIs exceeds 25 establishments per kilometer and
convenience store POI density surpasses 5 establishments per kilometer, it not only boosts
neighborhood vitality, but also enriches activity options along residents’ routes to the water
purification plant park, thereby enhancing overall perceptions. Green space pass-through
rate correlates positively with residents” overall perception. In planning areas surrounding
water purification plants, efforts should maximize the green space pass-through rate (>0.4)
for residents accessing parks above the plants. This improves environmental quality and
enhances residents’ travel experience and willingness to visit.

3.1.3. Interaction Analysis of Different Built Environment Indicators on Residents’
Comprehensive Perceptions of YIMBY and NIMBY

(1) The study calculates the interaction between linear distance (the most significant
feature variable) and other built environment factors using SHAP Interaction Values,
identifying influential variable combinations for in-depth analysis. The interaction analysis
between spatial layout and accessibility indicators and straight-line distance is shown in
(Figure 20). In the interaction between detour rate and straight-line distance, the SHAP
value decreases rapidly as the detour rate increases. Furthermore, when the straight-line
distance is less than 500 m, the SHAP value declines even more sharply with rising detour
rates. Therefore, in short-distance areas, efforts should focus on minimizing detour rates
and designing direct paths to enhance travel efficiency. Conversely, in long-distance areas,
the inconvenience caused by detours can be mitigated by increasing public amenities and
landscape nodes.
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Figure 20. Interaction analysis of spatial layout and accessibility indicators with straight-line distance.

(2) The interaction analysis between environmental density, functional mix indicators,
and straight-line distance is shown in Figure 21: the interaction analysis diagram of street-
front commercial ratio with straight-line distance (a) indicates that within short distances,
a high proportion of street-front commercial space may have negative impacts, whereas
at greater distances, commercial facilities may exert more positive effects. The interaction
analysis between enclosure level and linear distance (b) indicates that at the enclosure
level, priority should be given to enhancing enclosure in nearby areas to reduce NIMBY
perceptions. In distant areas, enclosure should be moderately controlled to maintain
spatial openness and attractiveness. The interaction analysis between path building density
and linear distance (c) suggests that in areas farther from water purification plants, path
building density should be appropriately increased to promote functional mixing and
enhance spatial quality.

(a) (b) (o)

Figure 21. Interaction analysis of environmental density and functional mix indicators with straight-
line distance.

(3) The interaction between facility /service indicators and straight-line distance and
convenience store POI density vs. straight-line distance in Figure 22 (a) reveals that in more
distant areas (>1000 m), increasing convenience store density yields a more pronounced
effect on enhancing perceived neighborhood benefits. Analysis of the interaction between
food and beverage POI density and straight-line distance (b) indicates that urban functional
planning should prioritize increasing food and beverage facilities along the path to the water
purification plant’s upper park in more distant areas. Analysis of the interaction between
green space pass rate and straight-line distance (c) reveals that the perceived impact
varies significantly depending on the distance from the water purification plant. The data
indicates that in close-proximity areas, green space pass-through rates should be controlled
to prevent excessive greening from diminishing the sense of enclosure. Conversely, in
distant areas, green space density can be appropriately increased to enhance residents’
perception of neighborhood benefits.
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Figure 22. Interaction analysis of facility and service indicators with straight-line distance.

3.2. Analysis of the Relationship Between YIMBY and NIMBY Perceptions and Road Network
Structure Types

3.2.1. Spatial Syntax Analysis and Road Network Structure Classification

To further analyze how different road network structure types in areas surrounding
water treatment plants influence residents” YIMBY and NIMBY perceptions, the study
calculated the Angular Step Depth values around water treatment plants using Depthmap.
By integrating the spatial characteristics of different road network types, the road network
structure within the study area was classified into multiple categories to better understand
its impact on residents’ perceptions. The angular step depth maps of the road networks
surrounding water treatment plants are shown in (Figure 23).

(a) (b)
(0) (d)

Figure 23. Water purification plant road network angular step depth self-mapping. The ‘red dot’
indicates the location of the water purification plant, and the colored line diagram represents the
angular depth axial line map of space syntax. (a) Futian Water Purification Plant Angular Step Depth;
(b) Honghu Water Purification Plant Angular Step Depth; (c) Buji Water Purification Plant Phase 1 + 2
Angular Step Depth; and (d) Banxuegang Water Purification Plant Angular.

Based on the angular step depth spatial syntax network diagram of the water purifica-
tion plant road network shown above, the structural forms of road networks near water
purification plants can be categorized into the following types (Figure 24). (1) Grid-type
Road Network: Futian Water Purification Plant. Spatial syntax analysis indicates this
network possesses high accessibility and adaptability, effectively meeting the functional
demands of urban development. (2) Radial Network: Spatial syntax analysis indicates
that future urban planning and layout design for the Honghu and Banxuegang Water
Purification Plants should consider the characteristics of this network structure. This will
further optimize accessibility in central areas while addressing potential traffic congestion
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issues. (3) Fragmented Network: Spatial syntax analysis indicates that future planning for
the Buji Water Purification Plant should focus on optimizing road connectivity between
different zones. Enhancing the overall network’s cohesion will improve travel convenience
and comfort for residents.

(a) (b) (c)

Figure 24. Road network types, the red dot indicates the location of the water treatment plant of this
type, Color lines represent the road network structure. (a) Grid-type road network; (b) radial-type
road network; and (c) segment-type road network.

3.2.2. YIMBY and NIMBY Perception Synthesis and Angular Step Depth Fitting Analysis

By summarizing the road network types surrounding five water purification plants,
scatter plot analysis was conducted using SPSS. Regression curve fitting was then applied
to examine the relationship between YIMBY and NIMBY perception synthesis and road
network angular step depth (Figure 25). Through graphical representations and curve
models, we examined how different road network structures around water purification
plants influence residents” YIMBY and NIMBY perceptions. By analyzing the corresponding
scatter plot fitting curves for three road network types (grid-type, radial-type, fragmented-
type) and their effects on comprehensive perception, we determined how road network
structure impacts residents’ YIMBY and NIMBY perceptions. (1) Grid-type road networks
exhibit relatively balanced YIMBY and NIMBY perceptions among residents; (2) radial-type
networks generate stronger neighborhood benefits perceptions in central areas but weaker
perceptions in peripheral zones; and (3) fragmented networks, due to poor connectivity,
result in overall lower levels of both YIMBY and NIMBY perceptions.
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Figure 25. YIMBY and NIMBY perception integration with angular step depth scatter plot fitting.
4. Conclusions

(1) Strategy Enhancement Based on Integrated YIMBY and NIMBY Perceptions.

The research will contribute to other regions undergoing rapid, high-density urbaniza-
tion like Shenzhen, where water purification plants are increasingly integrated with urban
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public spaces such as parks and green areas to form multifunctional facilities. The find-
ings will effectively guide facility layout and design to avoid triggering residents” NIMBY
sentiments, demonstrating how rational urban planning can reduce negative perceptions,
enhance acceptance of such facilities, and increase their usage frequency.

Regarding optimization strategies for multi-functional water purification plants and
their surrounding areas, we state the following: () To reduce NIMBY perceptions, strategies
include spatial layout optimization, noise and odor mitigation, and community engage-
ment. @ To enhance perceived neighborhood benefits, strategies include improving path
accessibility and optimizing park functionality above the treatment plant—such as adding
children’s play areas and science education facilities—to boost residents” appreciation of
the park’s value. (®) Finally, differentiated optimization strategies are proposed for the
following three road network structures: grid-type, radial-type, and fragmented-type. For
grid-type networks, perceived uniformity is enhanced primarily through improved design
of the water purification plant and its overlying park (e.g., installing science exhibition gal-
leries, children’s play areas, and multi-purpose activity spaces to boost the park’s functional
diversity and appeal). Radial networks leverage enhanced connectivity of secondary paths
(by installing convenience facilities like vending machines, shared bicycle parking points,
and resting benches) and strengthening the functional diversity of main road areas (e.g.,
installing convenience stores and pavilions along main roads near water purification plants)
to balance regional perception. Fragmented networks, meanwhile, rely on adding con-
necting pathways (addressing fragmentation caused by mountainous terrain by installing
walkways or bike paths at junctions like residential-park interfaces and transportation
hubs), strategically placing shared transportation options (such as optimizing parking
locations for shared bicycles and e-bikes to provide convenient short-distance travel for
residents), and enhancing rest nodes (e.g., installing viewing platforms, pavilions, and other
resting points along long-distance paths, equipped with drinking fountains and vending
machines to alleviate fatigue during walks). These strategies provide theoretical underpin-
nings and practical guidance for urban design around water purification plants and their
surrounding areas, facilitating a win-win outcome of both social and economic benefits.

(2) Key Findings and Research Limitations

Findings: @ This study explored the relationships among residents” YIMBY and
NIMBY perceptions, spatial perceptions of a water purification plant’s upper park, and
accessibility perceptions through questionnaire surveys and structural equation modeling
(SEM), establishing a scoring framework for integrated YIMBY and NIMBY perceptions.
@ Random forest models and SHAP analysis revealed nonlinear relationships between
built environment characteristics and residents’ composite YIMBY /NIMBY perceptions.
(® Spatial syntax analysis categorized road network structures around treatment plants
into grid-type, radial-type, and fragmented-type. Scatter plot fitting methods demonstrated
correlations between these network types and residents’ composite YIMBY /NIMBY per-
ceptions. (@) Design strategies were proposed for the public spaces above multi-functional
water purification plants within the built environment.

Research Limitations: (D The study primarily focused on multi-functional water
purification plants in select high-density areas of Shenzhen. Conclusions are influenced
by regional characteristics and may not be fully applicable to other cities or plant types.
Future research could expand to include multiple cities and plant types. 2 There was
insufficient exploration of socio-psychological factors. The study primarily examined
built environment impacts without fully incorporating psychological elements such as
residents” environmental cognition, sense of belonging, and values. Future research could
integrate psychological tools to deeply analyze their influence mechanisms on YIMBY and
NIMBY perceptions.
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Appendix A

Table A1. Selection of functional complex water purification plant.

Project Basic Information Location

Area: Luohu District

Site Area: 3.24 hectares

Upper Space: Ecological Park +
Science Exhibition Hall
Construction Model: Fully
Underground Double-Layer

Frame Structure

Location: Medium-to-High-Density
Development Zone

Honghu Water
Purification Plant

Area: Futian District

Land area: 27.9 hectares

Upper space: park for cultural and
sports facilities

Mode of construction:
double-covered, semi-subterranean
structure

Area: Middle- and High-Density
Development Zone

Futian Water
Purification Plant
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Table Al. Cont.

Project Basic Information Location

Area: Longgang District

Land area: 377,609,000 square meters
Upper space: municipal park

Mode of construction:
double-covered, semi-subterranean
structure

Area: Medium-Density Development
Zone

Banxuegang Water
Purification Plant
Phase I

Area: Longgang District

Upper space: landscaped park
Construction mode: fully
underground structure

Area: Middle- and High-Density
Development Zone

Buji Water Purification
Plant I
period

Area: Longgang District
Land area: 4.927 hectares
Buji Water Purification =~ Upper space: landscaped park
Plant Mode of construction:
ITand III Semi-underground structure
Area: Mid-High-Density
Development Zone
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