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Abstract

Addressing the imbalance between supply and demand for urban parks necessitates an
assessment of their service accessibility and spatial equity. This study integrates multi-
source geographic data, uses multiple data sources to generate a population distribution
with high spatial resolution, and constructs park service areas with multiple time thresholds
based on travel preference surveys. The network analysis method is used to evaluate the
supply–demand ratio and spatial equity by using location entropy, Lorenz curves, and the
Gini coefficient to identify the optimal location. The results reveal a significant difference
in the supply–demand ratio of parks. Within the 5 min time threshold, only 14.68% of
the pixels in the park supply area meet the needs of residents, while the proportions for
the 15 min and 30 min time service area expands to 71.74% and 86.34%, respectively. The
distribution of parks exhibits apparent spatial inequity. Equity is highest for the 15 min
service area (Gini coefficient = 0.25), followed by the 30 min area (Gini coefficient = 0.27)
and 5 min areas (Gini coefficient = 0.37). Among the 80 streets in the study area, the per
capita green space location entropy of 11 streets is zero. A targeted site selection analysis
for areas with park supply deficiencies led to the proposed addition of 11 new parks. After
this optimization, the proportion of regions achieving supply–demand balance or better
reached 80.38%, significantly alleviating the supply–demand conflict. This study reveals
the characteristics of park supply–demand imbalance and spatial equity under different
travel modes and time thresholds, providing a scientific basis for the precise planning and
equity enhancement of parks in high-density cities.

Keywords: supply–demand relationship; accessibility; site selection strategies; urban green
spaces; park site optimization

1. Introduction
As a core component of public service facilities, urban parks serve not only as crucial

venues for residents’ daily recreation and connection with nature [1,2] but also directly
impact the enhancement of residents’ quality of life and the sustainable development of
urban ecosystems [3,4]. In recent years, with the growing demand from residents for
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a livable environment and ecological well-being, the strategic importance of parks has
become increasingly prominent in urban planning and construction [5]. Parks and urban
residents form a “supply–demand” relationship chain. The distribution, scale, and quality
of parks form the foundation of their social service capacity. Generally, the provision of
larger urban green spaces implies stronger potential service capacity [6]. On the other
hand, the population size [7], population density, and spatial distribution characteristics of
residents [8] profoundly influence the actual intensity of demand for park services. The
degree of matching between park resources and the resident population directly reflects
the balance of this relationship [9]. When the population size continues to expand while
the pace of park construction lags, core indicators such as per capita green space area and
service radius coverage decline, leading to problems such as residents having no space for
exercise, long queues for rest, competition for facilities, and overload of the environmental
carrying capacity [10]. Therefore, studying the interaction mechanism between supply and
demand, and accurately identifying supply–demand gaps and their spatial distribution
patterns, is crucial for scientifically guiding the efficient and equitable allocation of green
space resources [11].

Although traditional park planning methods can create a reasonable park layout on
a large scale, there is a growing gap between what is provided and what people actually
need [12]. Thus, studies have evolved from examining overall resource distribution to
investigating more detailed matches between supply and demand. The methods used
have also advanced from simple observations to more technical approaches that com-
bine ideas from different fields. Among these, studies of how easy it is to reach parks
(accessibility) [13,14] and whether services are fair (equity) [15,16] have become common
ways to resolve mismatches between supply and demand [17]. Accessibility measures
how well people can reach parks despite barriers such as distance or travel time [18,19].
Some researchers use computer-based network analysis to map reachable areas [20,21]
and consider different travel modes to avoid focusing on a single trip type [22,23]. Equity
examines whether everyone has fair access to park services. Zhou et al. [24] used the
network analysis method, the improved Gaussian floating catchment area method, the Gini
coefficient, and the Lorentz curve to measure the fairness of urban park green space (UPGS)
service supply in Fuzhou, as well as the spatial fairness of UPGS in different streets and
different travel modes. Together, these methods offer a scientific way to study supply and
demand matching [25]. More recent studies have built on these ideas by using computa-
tional methods such as K-means clustering combined with PSO [26] or location–allocation
models [27] to transition from analysis to practical park planning improvements.

However, existing research still has significant limitations that constrain the precision
of supply–demand matching analysis. The two-step floating catchment area (2SFCA)
method, while efficient for macro-scale analysis, has notable drawbacks [28,29]. Its coarse
spatial units fail to reveal fine-grained, pixel-level disparities. Moreover, the model uses
straight-line distances that do not match real-world travel and produces a relative supply–
demand index that cannot be translated into actionable targets like per capita park area.
Most studies focus solely on accessibility analysis for a single time threshold, failing to
reflect residents’ differentiated needs under different time budgets (e.g., short breaks on
weekdays vs. longer weekend trips) [30]. These limitations make it hard for planners to
create targeted solutions.

Therefore, based on the space–time service threshold, multimodal transport mode,
per capita park demand standard, residents’ demand preference, park supply and demand
matching, and park fairness evaluation, this study systematically investigates the park
service capacity and fairness pattern of Zhengzhou City, and proposes optimization strate-
gies. The research mainly includes the following: (1) integrating multi-source geospatial
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data, objectively evaluating the weight of indicators, realizing the spatialization of per-
manent population data from 2024, and producing population raster data with a 50 m
resolution; (2) using the network analysis method combined with a residents’ travel survey
to determine the preference weight of different modes of transportation and quantitatively
evaluate the accessibility of 173 parks in Zhengzhou; (3) using location entropy, the Lorenz
curve, and the Gini coefficient to deeply quantify the matching relationship between the
supply and demand of park areas at grid-unit scale and evaluating the fairness of park
resource allocation; (4) combining K-means clustering and the PSO algorithm to provide an
optimization strategy for Zhengzhou city’s parks. The aim of this study is to better meet res-
idents’ growing demand for a high-quality ecological environment and blue–green spaces
by enhancing park accessibility service ranges and equity, providing practical support for
the construction and planning of Zhengzhou’s landscape.

2. Literature Review
Urban parks are a crucial type of public green infrastructure, and effective planning

and management requires a deep understanding of the dynamic relationship between
supply and demand [31]. This section systematically traces the evolution of research
paradigms in park supply–demand matching, which critically examines advancements
in the two core pillars of this field, accessibility and equity. By comparing international
studies, it identifies the limitations of existing research and the innovative contributions of
this paper.

2.1. The Evolution of Research Paradigms: From Static Indicators to Dynamic Simulation

Early park planning practices heavily relied on macro-level static indicators such as per
capita green space area and green space ratio. Oh et al. [32] calculated the total service area
of urban parks and the subsequent serviceability of pedestrian parks in Seoul, South Korea.
Fasihi and Parizadi [33] conducted a spatial equity and urban park access analysis of Ilam,
Iran, and found that the park area accounted for only 2.13% of the area of Ilam, and the
per capita park area was 1.91 m2. While facilitating inter-city comparisons, these methods
fundamentally ignored the spatial interaction between residents and parks, failing to reveal
the spatial heterogeneity of resource distribution. With the maturation of geographic
information systems and remote sensing technologies, the research paradigm underwent a
revolutionary shift from “supply-oriented” to “demand-oriented” [34]. Researchers began
to focus on delineating the match between population distribution and park resource supply
at fine spatial scales, establishing spatially explicit supply–demand matching analysis as
the mainstream paradigm.

This paradigm shift is evident in global research. European studies often emphasize
social equity. For instance, research in Barcelona, Spain, utilizing high-resolution population
data empirically demonstrated systematic disadvantages in green space accessibility for
low-income neighborhoods, informing planning policies aimed at environmental justice.
Research in the Netherlands applied fine-grained measurements of green spaces (such as
lawns, hedges, and trees) to 5773 school locations, concentrating buffer zones at 50 m, 100 m,
and 500 m. The results showed significant socioeconomic differences in the availability of
green school outdoor environments [35]. It is worth noting that there is a unique perspective
on the supply differences of parks in high-density cities in different regions. A horizontal
comparative study based on New York, Amsterdam, and Beijing integrated indicators of
environmental livability and social needs to estimate potential human needs and found
that UGS inequality in New York is greater than that in Beijing and Amsterdam. The
demand-based inequality of low supply and high demand is mainly distributed in the
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urban centers of the three cities, and the relationship between green supply and human
demand varies by city and indicator [36].

These cross-regional cases not only validate the universality of spatial analysis meth-
ods but also emphasize the importance of incorporating contextual factors such as local
culture, social structure, and urban form into the analytical framework.

2.2. Core Dimensions of Supply–Demand Matching: Accessibility and Equity

Within the spatially explicit analysis paradigm, accessibility and equity constitute two
indispensable and interconnected dimensions for assessing park supply–demand matching [5].

In accessibility research, methods have evolved from simple geometric buffering to
complex behavioral simulation. The two-step floating catchment area method and its
variants significantly enhance the assessment by simultaneously considering supply ca-
pacity, demand distribution, and spatial impedance [37]. One of the main development
trends is the integration of multimodal transport networks. A study in Europe assessed the
accessibility of parks and forests in 33 major European cities and calculated the average
accessibility scores of three green modes of transportation (walking, cycling, and public
transportation) [38]. In addition, refined modeling of actual travel behaviors is also re-
ceiving increasing attention. Rad and Alimohammadi modeled the relationship between
network distance and travel time dynamics to generate traffic maps for five times of the
day to assess the fairness of urban park accessibility and found significant inequalities in
accessibility at different times of the day [39].

In equity research, the focus has deepened from the Gini coefficient’s concern with
aggregate resource distribution to investigating the spatial justice of resource access op-
portunities. The former measures the overall equality of park area distribution across
populations or administrative units, while the latter, by spatially correlating accessibility
results with fine-scale socioeconomic data, aims to identify overlooked “service deserts”
and vulnerable groups. Research in Nashville, Tennessee, a low-density, car-oriented city,
identified basic service deserts through spatial association local indicator (LISA) clustering
and assessed spatial traffic inequalities between socio-demographic groups [40]. Similarly,
studies in Changting, China, constructed a shared park demand index for socially disad-
vantaged groups and quantitatively measured the accessibility and social equity of the park.
It was found that there was a certain degree of spatial mismatch between the distribution
of urban parks and the distribution of residents [41].

2.3. Limitations of Existing Research and Identified Gaps

Despite fruitful outcomes in domestic and international research, several limitations
continue to constrain their value for planning guidance. Table 1 systematically summarizes
the main research methods, typical cases, and their limitations.

Based on the above, the research gaps can be summarized by a lack of micro-scale
precision and policy alignment. Mainstream methods, constrained by data granularity,
struggle to precisely identify supply–demand mismatches at the neighborhood scale, while
their outputted relative indices prove difficult to align directly with policy benchmarks such
as per capita park area. Furthermore, behavioral simulations lack realism, as the assignment
of weights for different transport modes in multimodal analyses often relies on theoretical
assumptions rather than empirical data derived from local travel behavior, leading to
discrepancies between simulations and reality. To address these gaps, the aim of this
study is to construct a comprehensive assessment framework that integrates high-precision
data, empirically derived behavioral weights, and a spatiotemporal dynamic perspective,
building upon international cutting-edge research cases and methodologies. This work
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seeks to advance park supply–demand matching research toward greater precision, realism,
and policy relevance.

Table 1. Advantages, limitations, and improved strategy of current methods.

Research Method/Dimension Main Advantages Main Limitations Our Research Strategy

Macro-Indicator Approach Simple calculation, easy
macro-management

Ignores spatial and
behavioral heterogeneity

Use as a benchmark, not
the sole standard

Accessibility Analysis (Buffer) Simple model,
computationally efficient

Significantly deviates
from real travel paths

Employ network analysis
based on actual road

networks

Accessibility Analysis (2SFCA)
Integrates supply,

demand, and distance;
good for trend analysis

Coarse units, simplified
routes, relative results

Use high-resolution
population raster and
multimodal network

analysis

Equity Analysis
(Gini Coefficient)

Measures overall
distributional equality

Not spatially explicit;
masks local inequity

Spatialize equity via
location quotient and

grid-cell analysis

Multimodal Transport
Integration

More realistically reflects
travel behavior

Does not use empirical
mode weights

Incorporate localized travel
survey data to

determine weights

3. Materials and Methods
3.1. Study Area

Zhengzhou is the capital of Henan province and the national central city in China.
The built-up area of its central urban area reached 822.30 square kilometers in 2024. This
area covers core segments including Zhongyuan District, Erqi District, Jinshui District,
Guancheng Hui District, Huiji District, Zhengdong New District, Zhengzhou Economic
and Technological Development Zone, Zhengzhou High-Tech Industrial Development
Zone, and Zhengzhou Airport Economy Zone, which together constitute a key part of the
main urban area. According to data from the Zhengzhou Municipal Bureau of Statistics, as
of 2025, the permanent population of Zhengzhou was 13.008 million, with an urbanization
rate of 81%, placing it among China’s super-large cities. The population exhibits a typical
spatial gradient of “high-core, low-suburban” distribution, with the urban form undergoing
a critical transition from a “single-center” to a “multi-center, cluster-based” structure. In
response to the national “Park City” strategy, the city has opened a total of 267 shared
green spaces with a total area exceeding 9.22 million square meters. These green spaces are
widely distributed in parks, squares, corridors, and other regions, with a higher density in
the main urban area, providing basic space for residents’ leisure, recreation, sports, and
fitness activities [42]. However, amid rapid urbanization, Zhengzhou faces structural im-
balances in park supply and demand similar to those of other super-large cities nationwide:
“sufficient overall scale but mismatched tiered structures and spatial layouts” [43].

To ensure the accuracy of the park location, number and road network information,
we selected five major administrative regions (Zhongyuan District, Erqi District, Jinshui
District, Guancheng Hui District, and Huiji District) in Zhengzhou city, which has a dense
traffic network, mainly with 7 subway lines, 472 bus lines, and a perfect greenway system.
This study includes 173 parks (Figure 1). The complex spatial structure of the region and
the diversity of the park system provide a typical sample for an in-depth exploration of the
spatial differentiation pattern of park accessibility and its contradiction with urban demand.
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Figure 1. Location map of the study area.

3.2. Data Collecting and Preprocessing

This study integrates multi-source geospatial data (Table 2), including road network
information, Sentinel-2A satellite images, WorldPop population raster data, nighttime
lighting data, POI data, and park location information. To calculate the accessibility of
the park under different travel modes and multiple distance thresholds, the obtained road
network data were differentiated. After unified preprocessing and topology correction of
the filtered effective road data to ensure the integrity of the network topology, a multimode
road network model was constructed. The service areas of each park were then generated
for accessibility analysis.

Table 2. Data resources.

Data Year Source

Nighttime Light Data 2024 Sustainable Development Science Satellite 1 (SDGSAT-1)
https://www.sdgsat.ac.cn (accessed on 10 April 2025)

Mobile Signaling Data 2024 China Unicom

POI Data, Road Network Data, Boundary Data 2024

OpenStreetMap (OSM)
https:

//openstreetmap.maps.arcgis.com/home/index.html
(accessed on 11 April 2025)

Building Data 2024 Scientific Data

Sentinel-2A Imagery 2024
Google Earth Engine Platform

https://developers.google.cn/earth-engine (accessed on
26 April 2025)

Regional Population Data 2024 Zhengzhou Statistical Yearbook 2024
https://tjj.zhengzhou.gov.cn (accessed on 26 April 2025)

WorldPop Population Raster 2024
WorldPop Official Website https:

//hub.worldpop.org/geodata/summary?id=50680
(accessed on 23 April 2025)

Seventh National Population Census Data 2020 Zhengzhou Municipal Bureau of Statistics

https://www.sdgsat.ac.cn
https://openstreetmap.maps.arcgis.com/home/index.html
https://openstreetmap.maps.arcgis.com/home/index.html
https://developers.google.cn/earth-engine
https://tjj.zhengzhou.gov.cn
https://hub.worldpop.org/geodata/summary?id=50680
https://hub.worldpop.org/geodata/summary?id=50680
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Table 2. Cont.

Data Year Source

Rasterized Population Data from the Seventh
Census 2020

Research Team of Prof. Yuehong Chen
https://doi.org/10.6084/m9.figshare.24916140.v1

(accessed on 23 April 2025)
University Population Data 2024 Official University Statistics

Park Vector Boundaries 2025 Acquired via UAV Aerial Remote Sensing Imaging

Blue–Green Spaces within Parks 2025 Extracted using eCognition Software for Vegetation and
Recreational Water Bodies

3.3. Park Accessibility Calculation

Network analysis is used to quantitatively evaluate the spatial accessibility from
residential areas to urban parks. This study constructs an accessibility analysis framework
with multimode travel time resistance as the core evaluation factor. First, a total of 744 valid
questionnaires were collected through a questionnaire survey to obtain residents’ travel
times and modes. Based on this questionnaire survey data and empirical research, the
average speeds of walking, cycling, and motor vehicles were determined to be 1.30 m/s,
4.17 m/s, and 8.33 m/s, respectively. In addition, the service distance of different travel
modes under the specified time threshold was calculated. Based on the actual road network
data, the constraints are constructed, the entrance of each park is taken as the starting point,
and the selection ratios and corresponding weights of the three travel modes under different
time thresholds are calculated and determined (Table 3). By multiplying the weight of
each travel mode by its reachable distance within the corresponding time threshold and
performing a weighted summation, the weighted reachable distance of the park under each
time threshold is calculated (Table 4). This weighted distance was used as the search radius
to generate the park service range for the three time thresholds under the comprehensive
traffic mode.

Table 3. Questionnaire survey results of residents’ travel mode and time.

Time
Period

Number of
Respondents

Choosing Walking
Percentage

Number of
Respondents

Choosing Cycling
Percentage

Number of
Respondents

Choosing Motor
Vehicle

Percentage

5 min 589 73.90% 191 23.97% 17 2.13%
15 min 207 12.53% 1092 66.07% 354 21.40%
30 min 29 3.43% 273 32.32% 543 64.25%

Note: This questionnaire item is multiple-select.

Table 4. Search radius and weighted distance by travel mode.

Travel Mode 5 min 15 min 30 min

Walking 0.39 km 1.17 km 2.34 km
Cycling 1.25 km 3.75 km 7.51 km

Motor Vehicle 2.50 km 7.50 km 15 km
Weighted Distance 0.64 km 4.23 km 12.14 km

3.4. Calculation of Quantitative Index of Supply and Demand of Accessible Park Area

This study integrates high-precision population raster data and multimode traffic net-
work service areas to quantitatively evaluate the spatial accessibility of parks. According to
‘Zhengzhou City Park System Special Planning (2021-2035)’ and ‘GBT_51346-2019_Urban
Green Space Planning-Standard’, the per capita accessible park area standards correspond-

https://doi.org/10.6084/m9.figshare.24916140.v1
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ing to 5 min, 15 min, and 30 min travel time are set to 2.00 m2/person, 3.50 m2/person,
and 7.00 m2/person, respectively. In order to eliminate the problem of repeated calcu-
lation of area caused by the spatial overlap of multiple park service areas, the supply
distribution method (Formula (1)) is introduced to accurately quantify the park resources
actually achieved by each grid pixel. The population grid and park service vector surface
are spatially joined and summarized to calculate the effective population served by each
park and the park service area obtained by each pixel. Based on the per capita standards
and different travel modes, Formula (3) is used to calculate the supply–demand ratio of
each population grid pixel at different time thresholds and street scales. Formula 4 is then
used to evaluate the overall coverage at each time threshold, enabling an accurate and fair
evaluation of park service supply capacity in the spatial dimension.

(1) Calculate the park supply area of each pixel.

Si =
m

∑
k=1

(Ak ×
Popi

P_Popk
) (1)

Si is the park area obtained by pixel point I; Ak is the area of park k; Popi is the
population of pixel point i; P_Popk is the total population in the k service area of the park.

(2) Calculate the required area of each pixel.

Di = Popi × CT (2)

CT is the standard of park area per capita.
(3) Calculate the supply–demand ratio of each pixel.

RT
i =

Si
Di

(3)

(4) Calculate the coverage rate of the park service standard range under each
time threshold.

CT =
∑ RT

i ≥ 1
I

× 100% (4)

I is the total number of pixels; RT
i ≥ 1 is the evaluation index for the park supply to

meet or exceed the residents’ demand.

3.5. Park Space Equity Measurement Method

The location entropy can be used to measure the spatial distribution characteristics
of the elements in a specific region and reflect the difference between the development
degree of the elements in the area and the overall region. Among them, the per capita green
space location entropy represents the level of residents’ per capita access to park space
resources (Formula (5)), while the per capita green space service location entropy reflects
the level of per capita access to effective services in park space (Formula (6)). Together, they
characterize the spatial matching of park resources and the resident population.

Q1 =

(
Ad1
Pd

)
/
(

Aq1

Pq

)
(5)

Q2 =

(
Ad2
Pd

)
/
(

Aq2

Pq

)
(6)

Q1 is the per capita green space location entropy; Q2 is the per capita green space
service location entropy; Ad1 is the total area of a street park green space; Aq1 is the total
park area in the study area; Ad2 is the total area of the park service radius in the street;
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Aq2 is the total area of the park service radius in the study area; Pd is the number of
permanent residents in the street; Pq is the number of permanent residents in the study area.
A location entropy of 0, (0,0.8], (0.8,1.2], (1.2,8], and greater than or equal to 8 indicates
the level of access to park services is very low, relatively low, general, relatively high, and
high, respectively.

The Gini coefficient can effectively identify the equity status within a region and
facilitate horizontal comparisons between areas. Through the Gini coefficient (Formula (7)),
the macro equity pattern of the spatial distribution of park green space can be quantitatively
evaluated in the system.

G = 1 −
n

∑
k=1

(Pk − Pk−1)(Sk + Sk−1) (7)

G is the Gini coefficient; n is the number of streets; k is the area serial number sorted in
ascending order according to the total park space area of the street; Pk is the cumulative
percentage of the population of the kth street; Sk is the cumulative percentage of park space
resources in the kth street. The rank is shown in Table 5.

Table 5. Thresholds of the Gini coefficient.

Scope Rank

[0,0.2) Exact match
[0.2,0.3) Relative match
[0.3,0.4) Relatively reasonable match
[0.4,0.5) Relative mismatch
[0.5,1] Total mismatch

4. Results
4.1. Analysis of Multi-Scale Park Accessibility Results

The spatial distribution of parks in Zhengzhou is mostly closely adjacent to water
bodies, primarily along the Yellow River, Jialu River, and the main river basins in the
urban area. According to the service range of the park under different time thresholds
and various travel modes (Figure 2), it can be seen that the overall reachable range of the
study area under the walking mode is limited. The space is concentrated in the southwest
of Jinshui District, the southeast of Huiji District, the eastern part of Zhongyuan District,
the northwest of Guancheng District, and the northeast of Erqi District, while peripheral
villages and suburbs are relatively weak due to sparse population and lack of geographical
advantages of the park layout.

 

Figure 2. Park accessibility service areas under three time thresholds in multi-travel mode scenarios.
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Under the integrated transportation mode, park service areas at different time thresh-
olds demonstrate distinct gradient coverage characteristics. The 5 min service area primarily
covers the core zones surrounding the parks, with a coverage area of 112.96 km2, account-
ing for only 10.93% of the total study area. Its limited scope mainly fulfills the immediate
needs of residents in proximity to the parks (Figure 3a). As the time threshold increases,
the 15 min service area exhibits significantly enhanced connectivity, covering 5619.41 km2

(Note: this value exceeds the total study area due to overlapping service ranges of indi-
vidual parks). This 15 min service area substantially meets the demand for most residents
within the study area to reach a park within 15 min (Figure 3b). Further expanding to the
30 min threshold achieves near-complete coverage of the study area, with a coverage area
of 40,095.08 km2. This remarkable improvement effectively enhances park accessibility
for residents within an acceptable time frame, fully demonstrating the supporting role of
integrated transportation modes in the efficiency of public service coverage (Figure 3c).

 

Figure 3. The reachable service range of the park with multiple time thresholds under the integrated
traffic mode.

4.2. Evaluation of the Supply and Demand of Blue–Green Space in Park

The blue–green space pattern in Zhengzhou’s main urban area serves as a crucial
foundation for evaluating the supply and demand of park blue–green spaces (Figure 4).
As the core component of blue–green spaces, green space resources are characterized
by extensive distribution and large total scale, covering 413.57 km2. They are primarily
concentrated in the western mountainous areas adjacent to Dengfeng City, Gongyi City,
and Xinmi City, forming large contiguous green patches that constitute vital support
for the city’s ecological foundation. Water bodies, serving as the “blue veins” of blue–
green space, cover a total area of 59.75 km2. Their composition exhibits diversity and
functionality. Natural waterways (e.g., the Yellow River, Jialu River), artificial lakes (e.g.,
Xiliu Lake, Longhu Lake), and water conservancy facilities (e.g., Jian Gang Reservoir,
Changzhuang Reservoir) collectively form the core of the water space, acting as vital
connectors linking the urban ecosystem. Park spaces exhibit a highly correlated spatial
distribution with water bodies, showing relatively balanced coverage across the entire
region. Spatial correlation analysis reveals that 56 parks are directly connected to the river
network. When a 300-m buffer zone is defined, the number of parks spatially associated
with the river network increases to 114. Expanding the buffer zone to 500 m raises this
number to 133. This data pattern clearly validates Zhengzhou’s spatial planning logic
of “building parks along waterways.” Zhengzhou’s main urban area has established a
blue–green space pattern characterized by “green spaces as the foundation, water bodies as
the veins, and interconnected parks,” which remains in a continuous improvement phase.
This pattern not only advances the construction of an interwoven blue–green ecological
network but also provides crucial ecological support for forming a citywide safety and
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resilience foundation. It further lays a solid spatial analysis foundation for subsequent
evaluations of blue–green space supply and demand in parks.

Figure 4. Blue–green space pattern in Zhengzhou’s main urban area.

There are significant spatial differences between the supply of park services and the
demand from residents (Figures 5 and 6). In the 5 min service area, the area where the park
supply area is insufficient to meet the needs of residents accounts for the vast majority,
and the overall accessibility of the park is low. The number of pixels with supply and
demand balance or better is 25,596, accounting for only 14.68% of the total number of
pixels containing the population. Pixels with a high supply–demand ratio (value ≥ 1.2)
are mainly concentrated in the adjacent areas around the parks. When the time threshold
is extended to 15 min, the number of pixels with supply and demand balance or better
increases significantly to 125,063, accounting for 71.74%. The area meeting demand expands,
with high-value areas concentrated around large parks such as the National Forest Park,
Dongfengqu Riverside Park, Longzi Lake Park, and South-to-North Water Diversion Park.
In the 30 min service area, more than half of the population-containing pixel points can
obtain park services that meet the demand, and the number of pixels with supply and
demand balance or better has further increased to 150,514, accounting for 86.34%.

Figure 5. Distribution of park supply area.



Land 2025, 14, 2055 12 of 28

 

Figure 6. Area distribution of residents’ demand for parks.

Further analysis of the supply and demand ratio (Figure 7) at the street scale by
superimposing the administrative division boundary shows that there are service blind
streets with a supply and demand ratio of 0 in the 5 min service area, including San-
guanmiao Street in Zhongyuan District, Jianzhong Street and Yima Road Street in Erqi
District, and Putian Township Street in Guancheng District. These streets are completely
devoid of parks accessible within 5 min.

 

Figure 7. Distribution map of supply and demand ratio of park.

4.3. Equity of Park Space Layout

To systematically evaluate the equity of the spatial distribution of parks in Zhengzhou,
this study focuses on analyzing the fairness of resource allocation at the street scale
(Figure 8). The study area is characterized by high population density and intensive
commercial development, resulting in generally low levels of actual green space resources
within each sub-district. The analysis reveals a significant imbalance in the spatial distribu-
tion of park green space resources. Among the 80 sub-districts in the study area, 11 show a
location entropy value of zero for per capita green space, indicating that residents in these
areas are at a significant disadvantage in accessing park services. Furthermore, the number
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of streets with location entropy of less than one is 61, and the proportion of park area in
most streets is lower than that of the whole park area in the study area. The remaining
19 streets have an excessive concentration of park resources, and the polarization of spatial
distribution is profound.

 
Figure 8. Location entropy distribution.

To more intuitively reveal the equality of residents’ access to park resources, this study
takes the cumulative percentage of resident population in each street as the horizontal axis
and the cumulative percentage of park service area obtained in each street as the vertical
axis to draw the Lorenz curve (Figure 9). The analysis shows that the Lorentz curve under
the 15 min time threshold is closest to the absolute equality line, indicating that the supply
and demand matching of the park space is relatively balanced within this time range. The
Lorentz curve for the 5 min time threshold is far away from the absolute equity line. Its
distribution characteristics show that the streets accounting for 40.00% of the population
only cover about 10.00% of the park space resources, and the roads accounting for 65.00%
of the population enjoy about 25.00% of the park resources, indicating that a small number
of people concentrate most of the green space resources.

The Gini coefficients calculated from the Lorenz curve are 0.37, 0.25, and 0.27 for the
5 min, 15 min, and 30 min thresholds, respectively (Table 6). According to the defined
ranges of the Gini coefficient in Table 6, the values for all three travel times are within
a fair range overall. In detail, although the Gini coefficient for the 5 min threshold is
still in the relatively fair range, it is close to the critical value of the unfair range, which
warrants attention.
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Figure 9. Lorenz curve the service area of street park.

Table 6. The definition of the range of Gini Coefficient.

Time Threshold Gini Coefficients Fairness

5 min 0.37 Relatively reasonable match
15 min 0.25 Relative match
30 min 0.27 Relative match

4.4. Suggestions for Park Layout Optimization

The actual supply analysis results for the park service area show that the connectivity
of the 15 min service area is enhanced, which ensures that most residents in the study area
can reach the park within 15 min. However, there is also an extensive population but no
park, and the park supply area does not match the needs of residents. The 15 min travel
time was set as the core threshold in this study and followed the minimum cost principle.
First, the K-means clustering algorithm was used to cluster the pixels with no supply and
insufficient supply–demand balance, calculating the optimal number of new parks in the
15 min service area to be 16. Then, the PSO algorithm was used to determine the initial
park locations through multi-objective optimization.

Based on the preliminary results, land-use data, education facilities, green space, the
elderly population grid, building POI, land planning, and other factors were comprehen-
sively integrated to optimize the adjustment. This was to ensure that the final site selection
scheme could effectively meet the needs of residents and can be coordinated with urban
land-use planning to maximize the ecological and social value of the park. According to the
“Guidelines for the Implementation of Overall Urban Design in Zhengzhou City” issued
by the Natural Resources and Planning Bureau of Zhengzhou City in June 2024, “the new
planning community park green space, community service, leisure business and other
facilities are given priority in the street layout”; thus, the location information of 80 chronic
vitality streets was extracted to further guide the formulation of park layout optimization
strategies and provide scientific reference for future planning and construction. Based
on the above influencing factors, 11 park sites were finally selected, and satellite images
and field surveys were combined to draw the boundaries of new parks (Figure 10). The
specific park location is presented in the Appendix A. Finally, based on the resident need
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survey data (Table 7), a human-centered quality improvement strategy was implemented
to promote the coordinated development of park scale supply and service optimization
with the aim of building a full-age-friendly and fair urban park service system.

 

Figure 10. Location distribution of new parks.

Table 7. Residents’ opinions on park construction.

Category Main Suggestions

Park Quantity and Distribution
Increase the number of parks, especially small

community parks; optimize spatial distribution to
address coverage gaps

Hygiene and Facility Maintenance
Increase cleaning frequency of restrooms; perform regular

maintenance of fitness and recreational equipment;
ensure timely garbage removal

Lighting and Safety Increase number of light fixtures; extend lighting hours;
repair broken street lamps

Management of Square Dancing Designate dedicated areas for square dancing; establish
reasonable time slots to avoid noise disturbance

Recreational and Fitness Facilities Provide facilities suitable for all age groups; diversify
types of fitness equipment

Greening and Environment Expand green areas; increase plant diversity; enhance
vegetation maintenance

Others
Increase number of public restrooms; improve parking
conditions; set up resting areas; strengthen mosquito

control measures

To verify the actual effect of park layout optimization, it is necessary to further analyze
the supply-demand ratio of the 15-minute living service area after the addition of new
parks; meanwhile, overlaying the area of the new parks with the area where park supply
is insufficient enables a clearer judgment of the accuracy of the new parks’ site selection
Figure 11. The visualization results in Figure 12 show that the park service blind spots
in the study area are significantly reduced, and supply-demand matching is significantly
improved. Specifically, the number of pixels with supply and demand balance and above
supply-demand after adding the parks reached 140,113. Compared to before the new
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parks were added, the area with supply and demand balance or better in the populated
area increased from 71.74% to 80.38%. Spatially, areas with improved supply–demand are
concentrated in the middle of the study area, including the north of Erqi District, northwest
of Guancheng District, southwest of Jinshui District, and southeast of Zhongyuan District.
These areas with obviously insufficient supply and demand have basically eliminated the
demand gap after adding new parks, which can better meet the daily use needs of local
residential areas. Moreover, as shown in Table 8, areas with insufficient supply and demand
balance significantly reduced after the addition of parks, while those with sufficient supply
increased considerably.

 
Figure 11. The addition of new parks and areas with insufficient supply and demand.

Figure 12. Comparison of the supply and demand ratio before (a) and after (b) the addition of
new parks.
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Table 8. Comparison of supply and demand before and after park expansion.

Number of Pixels Number of Pixels
Before Optimization Proportion Number of Pixels

After Optimization Proportion

Insufficient supply–demand
(supply–demand ratio ≤ 0.8) 49,261 0.28 34,211 0.20

Balanced supply–demand
(0.8 < supply–demand ratio ≤ 1.2) 21,754 0.13 12,589 0.07

Adequate supply–demand
(supply–demand ratio > 1.2) 103,309 0.59 127,524 0.73

5. Discussion
Compared to existing studies conducted at the street scale using the two-step floating

catchment area (2SFCA) method [44], this research emphasizes the actual needs of residents,
employs network analysis to more realistically reflect travel route choices, and incorporates
residents’ feedback on park construction (such as sanitation, the maintenance of fitness facil-
ities, noise control, and greening improvements) obtained through questionnaires, thereby
enriching the dimensions of park service quality evaluation. During the park site selection
phase, in addition to determining the optimal number and general locations via K-means
clustering and PSO algorithms, key constraints such as territorial spatial planning, current
land use, distribution of universities and elderly populations, and building POIs were
comprehensively considered. Combined with field verification, this approach significantly
enhanced the rationality and implementability of site selection, partially alleviating low
supply–demand ratio issues. The temporal threshold effects revealed in this study support
Talen’s [45] core argument that park equity is essentially a dynamic matching of supply
and demand. Although the Gini coefficient for the 30 min service area in Zhengzhou (0.27)
is at a relatively equitable level, the coefficient for the 5 min service area (0.37) approaches
a warning value, exposing an imbalance in park supply and demand under different time
thresholds. This finding echoes those in [46], indicating that high-density urban areas
commonly face the spatial justice challenge of concurrent service shortages in core areas
and resource redundancy in the periphery. Further spatial analysis shows that the supply–
demand ratio of the streets with the highest commercial intensity in the 5 min service area
is zero, which is in line with the research conclusion of Ghertner et al. [47] that economic
development squeezes living space. This deprivation effect is particularly pronounced
in areas where the elderly population is concentrated, and quantitative equity may mask
differences between demographic groups [48].

By constructing an evaluation framework based on different travel modes and thresh-
olds, this study systematically reveals the supply–demand matching characteristics and
spatial equity patterns of park blue–green spaces in Zhengzhou across various spatiotempo-
ral scales. The findings indicate a clear hierarchical differentiation in park supply–demand
ratio in Zhengzhou: the 5 min service area only covers 14.68% of the population, exposing
a “last-mile” service gap; the 15 min service area coverage increases to 71.74%, emerging as
a critical threshold balancing service efficiency and spatial equity; while the 30 min service
area, despite achieving a coverage rate of 86.34%, somewhat masks structural supply–
demand contradictions within high-density built-up areas. This result aligns with findings
from studies by Wang et al. [49] in Shenzhen, China, who reported widespread service
blind spots in short-to-medium time thresholds, suggesting that “proximity deficiency”
in park services is a common issue in high-density cities. The primary causes lie in early-
stage planning that focuses on macro-scale green space layout and lacks responsiveness
to micro-scale community population distribution and travel behavior, resulting in a park
distribution characterized by “clustering along rivers and sparsity in centers,” that creates
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a service gap between old urban areas and emerging population agglomerations. For
the issue of the service gap in the “last mile”, the plan needs to be further refined and
updated. The first approach is to “fill in the gaps whenever there is a gap”. The system
screens idle spaces such as community corner plots and abandoned public facility land and
combines the needs of different groups such as children, the elderly, and office workers
to create pocket parks that are functionally compatible. At the same time, this approach
improves supporting facilities such as solar street lamps and classified trash cans, striving
to achieve at least one pocket park within every 500 m in high-density areas, precisely
filling the gap in green space services. The second is to activate idle activities to boost
vitality, carry out functional renovations on existing idle green spaces, optimize the zoning
layout, implant interactive facilities, and integrate local cultural elements, transforming
them into vibrant nodes that residents are willing to stay and use frequently. The third
approach is to open up the connection channels between the internal roads and the ex-
ternal park, expand the walking space, and enhance the clarity of signs and the safety of
passage. At the same time, idle spaces should be transformed into micro-service stations
to transform the walking paths for pedestrians to be more direct, safe, and comfortable.
To ensure the effective implementation of the strategy, we have further strengthened the
design of the long-term mechanism: promoting the collaborative participation of multiple
entities including the government, communities, enterprises, and residents, integrating
government special funds and social capital to broaden the sources of funds, leveraging
the technical strength of universities to conduct dynamic monitoring and evaluation, and
establishing community green space self-governance groups and smart feedback platforms
to ensure the continuous optimization of the plan.

Regarding spatial equity, this study shows that Zhengzhou’s overall Gini coefficient is
in a relatively reasonable range (0.25–0.37). However, compared to the results reported by
Huang et al. [50] (5 min Gini = 0.95) and Qiu et al. [51] (10 min Gini = 0.77), Zhengzhou’s
5 min Gini (0.37) is lower. Street-scale analysis further reveals that the per capita green
area entropy of 11 streets is zero, showing obvious micro-deprivation. This indicates that
although the total amount of park green space in the overall planning meets standards,
the highly uneven distribution of resources still leads to the exclusion of local residents
from basic ecological services. This phenomenon is related to the planning concept of too
much emphasis on construction in the process of urban expansion. Especially in areas with
high land development intensity and fast update speed, park-supporting facilities have not
been followed up simultaneously, resulting in a disconnection between service capacity
and population agglomeration. It is worth noting that the Gini coefficient of the 30 min
time threshold (0.27) is slightly higher than the 15 min threshold (0.25). This comparison
reveals a key mechanism that although residents theoretically have more park options
within 30 min, it is actually challenging to compete with residents in the 15 min service area.
Parks in the 15 min service area are given priority because of their close proximity and high
accessibility, while parks in the 30 min service area are not only used less frequently because
of their distance, but also their service scope often overlaps with closer parks, which puts
them at a competitive disadvantage. In view of the above problems, this study proposes a
park optimization location model based on K-means clustering and the PSO algorithm and
finally determines 11 new park locations. After optimization, the proportion of supply and
demand balance in the 15 min living service area increased to 80.38%, which significantly
alleviated the service pressure in Zhongyuan District, Erqi District, and Guancheng District.
This will help to reduce the consumption of cooling energy [52], alleviate the heat island
problem, increase the average cooling distance and cooling efficiency of parks [53], and
enhance the multi-dimensional diversity of plants in urban parks [54]. This method inherits
the advantages of the optimization model used by Wu et al. [55] in Shanghai, and integrates
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multi-source geographic data and behavior survey data to enhance the scientificity and
feasibility of decision-making.

Our findings reveal a distinct “clustering along rivers and sparsity in centers” pattern
in Zhengzhou’s park distribution, which is not merely a natural outcome of urban form
but a direct result of specific historical planning priorities. Unlike cities where parks are
evenly integrated into residential grids, Zhengzhou’s early planning emphasized large-
scale ecological corridors and scenic belts along major waterways such as the Yellow River
and Jialu River, prioritizing regional ecological services and landscape aesthetics over
neighborhood-level accessibility [56]. This approach, while enhancing city-wide green
connectivity and cultural ecosystem services such as aesthetic and recreational value,
inadvertently created service gaps in high-density central areas where land values are
high and retrofitting green space is challenging. Moreover, the predominance of large,
peri-urban theme parks and specialized parks, which exhibit higher carbon sequestration
density [57], further reflects a planning bias toward macro-ecological and tourism-oriented
functions rather than daily recreational equity. This legacy of “green spectacle” over “green
service” helps to explain the severe undersupply in the 5 min service area and the spatial
mismatch observed in central neighborhoods. Thus, the inequity in park accessibility in
Zhengzhou is not only a matter of quantity but also a structural outcome of a planning
paradigm that has historically favored ecological branding and riverfront development
over micro-scale, resident-oriented green space integration.

6. Limitations and Further Research
This study has several limitations. First, as a cross-sectional case study focused on

Zhengzhou, the generalizability of its findings is constrained by the specific urban context,
and its static design limits the ability to uncover the causal mechanisms and dynamic
evolution behind the observed spatial disparities. Second, the supply–demand evaluation
framework primarily concentrated on park area and spatial distribution, omitting “soft
service elements” such as facility quality, environmental comfort, and safety, which directly
influence user experience. The behavioral simulation also failed to distinguish travel
patterns between weekdays and weekends, potentially threatening the validity of the
accessibility conclusions. Third, the quantification of park accessibility and equity currently
relies heavily on subjective preference data collected via a platform algorithm push. This
method may inadequately represent populations who rarely use smartphones or have
limited time, thus affecting sample representativeness. Furthermore, the model does not
account for dynamic factors such as future urban renewal and population migration. Finally,
practical constraints, including the challenges in acquiring high-precision urban land-use
data and the associated high computational costs, were also present.

Based on the identified limitations, we propose the following future research direc-
tions to advance the field. First, to overcome the cross-sectional and static nature of the
current work, future efforts will integrate high-precision multi-temporal data with spatial
forecasting models (e.g., CA-Markov [58], FLUS [59]). This will enable the simulation of
dynamic supply–demand gaps for park blue–green spaces under various urban devel-
opment scenarios (e.g., population shifts, land expansion), facilitating the development
of spatiotemporally adaptive optimization schemes and a dynamic “park–population”
matching mechanism. Second, in response to the omission of “soft service elements,” the
evaluation framework will be expanded. This involves incorporating multi-dimensional
data—from questionnaires, field audits, and social media—on facility quality, safety, and
perceived accessibility, thereby shifting park planning from a purely “indicator-oriented”
approach to a more nuanced “demand-responsive” one. Particular emphasis will be placed
on the systematic integration of small and pocket parks within 5–15 min living service
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areas, leveraging urban renewal for micro-regeneration in key areas. Finally, to address the
limited generalizability of the single-city case study, future research will conduct multi-case
comparative analyses across cities of different scales (e.g., small–medium cities, super
cities) and development patterns (e.g., linear, cluster-based). This will involve calibrating
evaluation parameters based on distinct policy orientations and ultimately contributing
to establishing a cross-regional research database to support park layout optimization in
diverse urban contexts.

7. Conclusions
In this study, a park supply and demand assessment framework of multimode traffic–

multi-time threshold-refined population is constructed, and the supply and demand imbal-
ance of Zhengzhou parks is systematically evaluated. The main conclusions are as follows.
(1) The ratio of areas with a supply–demand balance or better is significantly differentiated:
the 5 min service area only covers 14.68% of the population, exposing a “last-mile” service
gap; the coverage rate of the 15 min service area is 71.74%, a key threshold to balance
efficiency and equity; and for the 30 min service area, 86.34% coverage is achieved, but
the structural contradictions in the local high-density area are masked. (2) Significant
spatial inequity is observed at the street scale, where 11 streets exhibit a per capita green
space location entropy of zero, indicating localized service deprivation amidst macro-level
fairness (Gini coefficient: 0.25–0.37). (3) Eleven new parks were added based on the K-
means–PSO algorithm and multi-factor combination results, which accurately identified
high-demand and low-supply areas; hence, the 15 min low supply–demand ratio areas
were significantly reduced, and the pixels with a supply–demand ratio greater than or
equal to one increased by 8.64%. The proposed addition of 11 new parks reflects a key shift
from “indicatory-oriented” to “demand-responsive” planning. The locations of these parks
are not designed to meet the general per capita area target, but are based on service blind
spot streets (with a supply–demand ratio of zero) and key gaps within a 15 min period,
directly alleviating the supply and demand imbalance in the most underserved central
areas. This presents a replicable model that can transform diagnostic analysis into precise
spatial intervention measures to enhance green space equity in high-density cities.
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Appendix A
The proposed new park 1 (Xuhui River Hat Park) is located on the northeast side

of the intersection of Qunan Road Expressway and Zhongyuan West Road (Figure A1),
covering an area of 50.9 hectares. This area is the location of Xushui River Hat Park planned
by the government. The interior of the site is mainly woodland and grassland, and the
South-to-North Water Diversion and Xushui River pass through it. Near the site, there is the
Xushui Resettlement Community, Jingxing Shengshi No.1 Courtyard, Yongweixi County,
and Zhengzhou Olympic Sports Center, which are convenient for transportation. The
shortest distance from the park to the slow vitality road Xintian Avenue is only 800 m. At
present, there are many plots in the area under development, and the population potential
is large. After the park is completed, it can support the construction of the blue chain
ecological leisure zone in Zhengzhou and form a continuous ring city park system.

 

Figure A1. Surroundings of the proposed new Xushui River Hat Park.

The proposed new park 2 (Jinghui River Hat Park) is located on the northwest side
of the intersection of Zhengmi Road and Huancui Road (Figure A2), covering an area of
64.2 hectares. This area is the location of Jinshui River Hat Park planned by the government.
The South-to-North Water Diversion Project and the Jinshui River converge here, and
the water resources are relatively abundant, which is suitable for creating a waterfront
play space. The interior of the site is mainly woodland and grassland, surrounded by
high-rise buildings and a large population density. After the completion of the park, it can
support the construction of the Zhengzhou ring blue chain ecological leisure area and form
a continuous ring park system.

The proposed new park 3 (Chaohe Cap Park) is located in the east of the intersection
of Central China Road and the South-to-North Water Diversion (Figure A3), covering
an area of 19.0 hectares. The interior of the site is woodland, grassland, and part of the
cultivated land, through which the tidal river passes. This area is the location of the tidal
river hat park and the tidal river country park planned by the government. There are many
neighborhoods with a large population base. The region has outstanding water resources
advantages, which can build riverside space, support the construction of a Zhengzhou blue
chain ecological leisure zone, and form a continuous ring city park system.
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Figure A2. Surroundings of the proposed new Jinshui River Hat Park.

 

Figure A3. Surroundings of Chaohe Cap Park to be built.

The proposed new park 4 (Bianhe Ruins Park), located on the northwest side of the
intersection of Dahe Road and Fengshuo Street (Figure A4), covers an area of 155.2 hectares.
This area is a green leisure area in the national spatial planning, and the south side is the
Suoxu River. Huiji Bridge Heritage Park is located here. The park is a small area, only 170 m
from north to south, and at the longest 55 m from east to west. The ancient bridge of the Sui
and Tang Grand Canal (Huiji Bridge), which has a history of thousands of years, is the core
landscape of the park. Huiji District, formerly known as Mangshan District, was officially
renamed Huiji District in May 2004 in order to enhance the regional image and investment
environment. The area has plans to expand into the Bianhe Site Park (Huijiqiao Village
Area). It is currently undergoing demolition and renovation. After completion, it can
improve the local environment, provide leisure and entertainment space for residents, and
build cultural resources superimposed on the Yellow River, the canal, and the ancient city.

 

Figure A4. Surroundings of the proposed new Bianhe Ruins Park.



Land 2025, 14, 2055 23 of 28

The proposed new park 5 is located on the east side of the intersection of Jiangshan
Road and Lianhuo Expressway (Figure A5), covering an area of 16.8 hectares. This area
is a green leisure area in the national spatial planning. The interior of the site is forest
land and grassland. The greening foundation is good, and many roads have been built
inside. It is surrounded by a number of residential quarters and commercial plots. At
1.5 km (road distance) is the sports center of Henan Province, 700 m away from Jiyuan
Road, a slow-moving street. The proposed new park is adjacent to the Jialu River, which
can optimize the local living environment and enrich the residents’ leisure life.

 

Figure A5. Surroundings of the proposed new park 5.

The proposed new park 6 is located on the east side of the intersection of Zhongzhou
Avenue and Jialu River Feng (Figure A6), covering an area of 24.1 hectares. The interior
of the site is woodland and grassland, which is a green leisure area in the national spatial
planning. The surrounding residential areas are dense, and there are also Sino-Australian
furniture cities, water companies, Zhengzhou No.4 Middle School, and Huiji District No.6
Middle School. The south side is adjacent to the Jialu River, and the three bridges cross
the river bank to connect the opposite bank. Relying on the advantages of location and
resources, we can consider building a theme park with water resources protection as the
core, linking sewage treatment plants; through the visual demonstration process of “sewage
into clean water,” it can not only make residents intuitively feel the actual effect of water
resources protection but also strengthen residents’ awareness of water conservation and
water protection and promote the integration of green life concepts into daily life.

 

Figure A6. Surroundings of the proposed new park 6.
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The proposed new park 7 is located on the east side of the intersection of the East
Third Ring Road and Lianhuo Expressway (Figure A7), covering an area of 72.0 hectares.
The interior of the site is mainly woodland and grassland, which is a green leisure area in
the national land space planning. There are many residential areas nearby, and Zhengzhou
Campus of Henan University is built 2 km away (road distance). The east side of the site
is the Jialu River, and the south side is the Wei River. The water resources are abundant,
and there are bridges connected to the opposite bank, and the transportation is convenient.
Several high-speed rail lines passing through Zhengzhou East Railway Station can create a
characteristic cultural landscape with the theme of high-speed rail, show the development
process and technical achievements of high-speed rail such that residents can deeply
understand the technology and culture behind high-speed rail, and create an intense
cultural atmosphere of high-speed rail.

 

Figure A7. Surroundings of the proposed new park 7.

The proposed new park 8 is located on the north side of Zhengzhou North Railway
Station (Railway Station) and the west side of Jingguang Expressway, which is connected
with Granary Road (Figure A8) and covers an area of 7.3 hectares. The interior of the site
is mainly grassland and woodland, and five pitches are built. There are many residential
areas and dense population in the vicinity. The proposed new park can make full use of
the existing infrastructure, quickly complete the park reconstruction, optimize the living
environment, and enrich the residents’ leisure life.

 

Figure A8. Surroundings of the proposed new park 8.

The proposed new park 9 is located on the north side of the intersection of the West
Fourth Ring Road and the Flower Road (Figure A9), covering an area of 10.2 hectares.
The interior of the site is mainly woodland and grassland, and two roads have been built,
one pedestrian and one plastic runway, with a beautiful environment. There are many
residential areas and industrial sites nearby, characterized by a significant large population
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density and convenient transportation. Through the construction of the street park through
the fragmentation of the green layout, the increase in fitness equipment and the protected
stadium can alleviate the shortage of parks in the region.

The proposed new park 10 is located on the northwest side of the intersection of
Gongming East Road and the South Fourth Ring Road (Figure A10), covering an area of
28.7 hectares. The inside of the site is woodland and grassland, and the Kong River passes
through it. Nearby, there are Rongqiao Yuecheng, Konghe Nursing Home, Huahuaniu
Company, Shuqing Medical College Rehabilitation Hospital, and Shuqing Medical College.
Many communities are under development and construction, with a large population base
and convenient transportation. The shortest distance from the northernmost side of the
park to the slow vitality road Tongxing Street is only 370 m.

 

Figure A9. Surroundings of the proposed new park 9.

 

Figure A10. Surroundings of the proposed new park 10.

The proposed new park 11 is located on the east side of the intersection of East
Hanghai Road and Luyimiao Street (Figure A11), covering an area of 14.3 hectares. The site
is mainly composed of grassland, woodland, and some waters. There is a pond with full
lotus inside. This area is the residential and living area in the national land space planning.
It is 770 m away from the planned slow vitality street through Kai 32nd Street. The
surrounding area is mainly industrial land, distributed with Shuanghui, Leanda auto parts,
international enterprise port, etc. After the completion of the park, the local environment
can be improved to attract more people to work and live.
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Figure A11. Surroundings of the proposed new park 11.
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