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Abstract

“Urban mines” are an important component of coal-resource-based cities formed by mining,
forming the spatial framework of the city. Measuring the spatial vitality of “urban mines”
is an effective means to enhance the vitality of urban residents, improve the quality of
living, and optimize the spatial structure. Current research on urban vitality predominantly
focuses on urban communities, with limited exploration of the vitality of this unique
unit—the “urban mines”. Guided by the practical needs of people, this study constructs
a vitality assessment system for “mine within the city” encompassing five dimensions:
environmental vitality, economic vitality, facility vitality, crowd vitality, and cultural vitality.
Using the Yaahp hierarchical analysis method and entropy weighting to calculate the
weights of internal influencing factors, a vitality measurement system for “urban mines”
in coal-resource-based cities is established. Combining Geographic Information System
(GIS) spatial data and the point of interest (POI), the vitality of eight “urban mines” within
Huaibei’s central district is measured. And based on the dominant factors, strategies
for the spatial transformation of specific units in resource-based cities were provided,
assisting in the quantitative research of urban space. This study provided scientific basis
and practical paths for achieving sustainable development of coal-resource-based cities

under the demand-oriented approach.

Keywords: demand-oriented; coal-resource-based city; “urban mines”; vitality measurement;
sustainable development

1. Introduction

Coal-resource-based cities are crucial carriers of the global industrialization process,
serving as the main force for regional economic growth and sustainable social development.
However, maintaining the vitality of these cities in the post-industrial era remains a major
global challenge, especially in traditional industrial regions that are under pressure from
resource depletion and a single industrial structure; for instance, the Ruhr area in Germany
once faced a severe predicament of continuous population decline and abandoned space
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resources due to the structural crisis of its coal industry [1]. How can a city achieve
sustainable development after the disappearance of its core industries? How can the
abandoned industrial spaces be reused? How can the diverse needs of residents be met in
the context of population loss? These have become key issues that similar cities worldwide
must solve.

A people-centered approach constitutes the fundamental strategy of China’s dis-
tinctive path of new urbanization [2]. Current research on the transformation of coal-
resource-based cities in China primarily focuses on spatial structure [3], ecological restora-
tion [4], and industrial transition [5]. Moreover, existing urban spatial transformation and
planning practices have long overlooked the impact of human needs on urban space [6].
Under the new urbanization paradigm, research on social dimensions—such as human-
space interactions, vitality creation, spatial functional organization, and collective memory
reconstruction—has gained increasing prominence [7]. The research on the correlation be-
tween urban space and real urban life and livelihood issues has become an urgent problem
to be solved in the spatial planning of coals-resource-based regions. Consequently, research
on spatial vitality in coal-resource-based cities dominated by “urban mines” is imperative.

Psychologist Abraham Maslow categorized human needs into five levels: physio-
logical, safety, love/belonging, esteem, and self-actualization. As the standard of living
improves, the demand levels of urban residents are also increasing. From this perspective,
evaluating the vitality of “urban mines” involves examining people’s needs for urban
spaces, which range from basic material space services to higher-level spiritual space
fulfillment (Figure 1).
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Figure 1. The correspondence between the human needs hierarchy and urban space.

Urban vitality reflects the diversity and suitability of the internal elements of urban
space, as well as the development potential and transformation direction of urban spatial
units. Through the analysis of the vitality of the people behind urban space, from the
perspective of “people”, the deep social-spatial patterns behind the urban form structure
were explored, and the traditional planning methods and research perspectives that use
space to explain space in planning were optimized [8]. Currently, the primary methods for
measuring vitality are mostly questionnaire surveys and qualitative research, with subjec-
tive conclusions and small sample sizes [9]. With the rapid development of the economy
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and society, the phenomenon of digital information interweaving in the complex urban
system has become increasingly obvious. The individual’s spatial silence has been broken,
and “people” have also become the output party of digital information and the marker
of geographical space, such as GPS mobile data, media check-in data, etc. Introducing
these types of real human activity trajectories into urban space research and establishing
a connection with spatial development has broken the time and space barriers between
social-economic activities and urban space, enabling people to explore the operating rules
of urban space more profoundly and precisely [10]. Carlo Ratti and others first proposed
the concept of “Mobile Landscapes” in cities in 2006, exploring the characteristics of urban
spaces by analyzing the intrinsic logic of residents’ living behaviors and urban spatial forms
through mobile phone data [11]. Following the research of Carlo Ratti and others, urban
areas have been identified and measured through POI data and mobile phone signaling
data, and dynamic characteristics of the population within the areas have been analyzed to
extract the real-time vitality status of the space, expanding the breadth and depth of urban
space research [12,13].

Since “urban mines” lie between the urban and community dimensions and include
spaces such as industrial squares, resource production sites, transportation routes, and
ecological wetlands, in addition to residential communities, “urban mines” constitute a
complex urban unit. In existing studies, there is still a gap in the measurement of the vitality
of spaces such as “urban mines” based on the demand-oriented meso-scale approach.
Therefore, this paper addresses the unique characteristics of coal-resource-based cities
by drawing on Maslow’s hierarchy of needs to identify influencing factors and establish
an evaluation system to measure the vitality of “urban mines.” Furthermore, this paper
uses multi-source data to conduct a measurement and analysis of the vitality of “urban
mines” in the central urban area of Huaibei, providing a theoretical basis for the spatial
transformation of coal-resource-based cities, and also offering theoretical references and
practical examples for the sustainable development of similar cities.

2. Materials and Methods

2.1. Research on the Vitality Evaluation of “Urban Mines” in Coal-Resource-Based Cities
2.1.1. Conceptual Definition

With the continuous expansion of coal-resource-based cities, the independent indus-
trial areas that were originally located on the outskirts of the city or outside the central
urban area have gradually been surrounded and integrated into the urban built-up area.
The internal functions have been constantly reorganized and reconfigured, forming a
special space known as “urban mines”.

Based on the concepts of independent mining zones and core urban areas, this study
defines “urban mines” as follows: “urban mines” refer to areas located within the urban
core constructed due to the extraction and processing of mineral resources. These include
closed mining areas, the urban functional areas that have gradually formed around them to
serve the mining industry, as well as the urban areas where economic and social functions
are closely integrated with the city and where mining and urban spaces develop in a
coordinated manner.

2.1.2. Evaluation Framework for Measuring the Vitality of “Urban Mines” in Coal
Resource Cities

This study starts from human needs and examines the “urban mines” vitality across
five dimensions: environmental, economic, facility, crowd, and cultural. It organizes the cor-
responding measurement methods and components to construct an assessment system for
the vitality of “urban mines” in coal-resource-based cities (Figure 2). By utilizing emerging
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data such as areas of interest (AOI) and points of interest (POI) obtained through web
crawling, the vitality of “urban mines” is evaluated in combination with the acquired con-

tent. The dominant factors are summarized, and the renewal strategies for “urban mines”
under the influence of different vitality measurement dominant factors are proposed.

Vitality Assessment Framework for "Mine-encapsulated
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Figure 2. A framework for measuring the vitality of “urban mines” in coal-resource-based cities.

2.2. Selection of Research Subjects and Influence Radius Analysis
2.2.1. Selection of Research Subjects

Based on the boundaries delineated in the Huaibei City Territorial Spatial Master
Plan (2021-2035), the scope of “urban mines” covered in this study includes: Daihe Mine,
Zhangzhuang Mine, Zhuzhuang Mine, Yangzhuang Mine, Lieshan Mine, Xiangcheng Mine,
Liudong Mine, and Zhaolou Mine (Figure 3).

2.2.2. Influence Radius Analysis

The greater the number and diversity of “points of interest” within an area, the stronger
its attraction to urban foot traffic. When these points of interest fall within a resident’s
comfortable walking distance, the frequency and willingness of residents to use them
increase. Therefore, starting from the original boundary of the “urban mines”, the area
that can be reached on foot by ordinary residents was determined as the research scope for
measuring the vitality of the “urban mines”.

Influenced by transportation conditions and travel purposes, the natural 5 min walk-
ing distance for residents is approximately 400 m, while the 10 min walking distance is
about 800 m [14,15]. Calculations indicate that the 10 min maximum walking distance
is approximately 950 m, a distance that can effectively guide project site selection and
transportation connectivity [16]. Therefore, this study delineates the research scope as a
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1000 m radius around the perimeter of the original mining area to explore the vitality of the
“urban mines”.
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Figure 3. Distribution of ‘urban mines’ in the central urban area of Huaibei.

2.2.3. Source of Research Data

The foundational data for this study comprises three categories: (1) POl-related data.
By scraping POI data within the central urban area of Huaibei City in January 2025, a total
of 57,311 point data and transportation station data were obtained and organized according
to the vitality measurement system for “urban mines”; (2) “urban mines” population
concentration: by using Baidu Maps, the heat distribution of the population during the
rest days and working days in May 2024 and January 2026 was extracted; (3) Geographic
Information System (GIS) data: Relevant GIS data for Huai’an City’s central urban area.

2.3. Establishing an Evaluation System for Measuring the Vitality of “Urban Mines” in
Coal-Resource-Based Cities

2.3.1. Selection of Evaluation Dimensions at the Objective Level

Based on Maslow’s hierarchy of needs theory and a review of the existing literature
and theories, we finally selected the following five evaluation dimensions to measure the
vitality of “urban mines”. (1) Physiological needs: focusing on people’s basic survival and
housing requirements, the delineation of the built environment and land conditions of
“urban mines” is regarded as the main content for measuring the vitality based on the living
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Maslow's Hierarchy
of Needs

environment. (2) Safety needs: Maslow’s definition of security includes the guarantee
of “freedom from scarcity” of resources. In the “urban mine” area, this need is directly
reflected in aspects such as housing prices and commercial support. (3) Social needs:
indicators encompass nutrition, housing, education, health, and employment, primarily
focusing on residents’ satisfaction, comfort, and job opportunities within the “urban mines.”
(4) Respecting needs: this pertains to the dignity of life, autonomy, and convenience, and is
one of the important indicators for measuring the vitality of “urban mines”. Once basic
survival needs are met, residents seek higher-quality public services, including public
service facilities and transportation networks, etc. (5) Self-actualization: refine cultural
symbols of the “urban mines” area, continue the artistic lineage of coal-resource-based
cities, and elevate residents’ spiritual pursuits (Figure 4).

Measurement
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Figure 4. The evaluation system for measuring the vitality of “urban mines” in the central urban area
of Huaibei City.

2.3.2. Selection of Measurement and Evaluation Indicators

The indicators at different dimensions reflect different levels of vitality of “urban
mines”. This paper, in combination with relevant vitality measurement literature from
China National Knowledge Infrastructure, selects relevant indicators and determines the
measurement content of “urban mines” vitality under the demand-oriented approach
(Table 1):

e  Environmental vitality: This refers to the measurement of the “urban mines” physical
space. The number of residential areas and building types is an essential factor influ-
encing the internal living environment of the “urban mines”. This paper, based on the
definition of urban physical space for the architectural environment, selects building
type and the number of residential areas as influencing factors [17]. Due to the special
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location of the mining area, the proportion of rural homesteads within the “urban
mines” range is taken as a special indicator for determining environmental vitality.
Infrastructure: Balanced and jointly shared infrastructure plays a role in promoting
the vitality of “urban mines”. This paper assesses the infrastructure of “urban mines”
using indicators such as service levels of facilities around “urban mines”, public
transportation, and facility diversity [18]. Due to the existence of special subsidence
areas within “urban mines”, the proportion of water systems in the subsidence area
serves as a special indicator.

Traffic conditions: Traffic is an important factor in determining the vitality of “urban
mines”. Good traffic conditions indicate that the area can attract external traffic and
are also an important manifestation of the fairness of different spaces within an urban
mine in the urban layout [19]. This paper selects road network density around the
“urban mines”, the number of transportation stations, and elevated road density as
indicators for measuring traffic conditions. Since mining activities are closely related
to railways and railways have a significant impact on urban space during urban spatial
evolution, the degree of spatial fragmentation is taken as a special indicator.
Economic Life: The economic life of residents is an important dimension for mea-
suring the vitality of “urban mines” from a demand-oriented perspective. Economic
indicators such as housing prices, employment, commercial activity, and sports venues
have significant impacts on urban spaces [20]. This paper selects the housing price
levels of “urban mines” and their internal communities, the number of employment
units within “urban mines”, and the number of various POIs (points of interest) as the
main measures of the “urban mines” economy.

Population vitality: The vitality of space cannot exist without human usage. The actual
number of residents in the “urban mines” and the population density represented by
the heat map on Baidu Maps were selected as measurement indicators [21].

Urban Identity: Coal-resource-based cities that have formed due to mining have
seen many residents move with the mines and be born as a result of mining. The
urban identity generated by “urban mines” is integral to the urban context. Therefore,
the integrity of the industrial square, the representativeness of the construction rem-
nants, and the development years of “urban mines” were selected as measurement
indicators [22].

Table 1. Measurement and influencing factors of vitality for the “urban mines” in the central urban
area of Huaibei.

Evaluation Direction

Measurement Indicator Quantitative Notes Specificity

Built Environment

Number of Residential

Number of Mining Communities in the City

Complexes
Building Type Number of Floors
Rural Homestead Land Proportion of rural homestead land within 1000 m of Special
Proportion “urban mines”. Indicators

Infrastructure

Green space accessibility

’

Green space area within 1000 m of the “urban mines”
and their surroundings, unit: m?2

Facility Accessibility

Number of Points of Interest (POIs) within 1000 m of
the “urban mines”, unit: number

Facility Diversity Number of functional types of POI points
Percentage of water systems Area of water systems within subsidence zones in Special
in subsidence areas the urban center/Total area of urban water systems Indicators
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Table 1. Cont.

Evaluation Direction Measurement Indicator Quantitative Notes Specificity

Number of transportation stations distributed
within 1000 m of the “urban mines” area and its
surroundings

Number of transportation
stations

Total road length within the “urban mines” /Total

Road network density area of the region. Unit: km /km?

Traffic Conditions
Total length of expressways and elevated roads

Highway Overpass Density within the “urban mines” /Total area of the region.

Total length of rail lines within the “urban
Spatial fragmentation mines” /Total transportation land area within the
urban mining area

Average housing prices in Average housing price in the “urban mines”
residential areas community.
Number of employers providing job opportunities
Number of Employers within 1000 m of the “urban mines” and their
surroundings

. . N b f t ist attracti ithin 1000 f th
Number of Tourist Attractions umber of tounst attractions within motthe

Economic Activity “urban mines”, unit: number
Number of healthcare A low number indicates fewer residents; a high Special
facilities number indicates a larger elderly population. Indicators

Weighted differently for maternity/childcare, repair

Number of Shopping Venues shops, supermarkets, and wet markets

Sports and fitness facilities Number of sports and fitness facilities within a

1000 m radius
Population density Weekday vs. non-weekday Baidu real-time heatmap
Population Activity Resident Population Population distribution md.lcator for a
Level 100 m x 100 m grid

Includes kindergartens, elementary schools, and

Education and Teaching middle schools

Industrial Plaza Integrity Comparison of Current Ste.ltus and Original Design Speaal
Drawings Indicators
City Identity Represen.tatlveness of Expert scor{ng: Higher representatllvenejss correlates Special Criteria
Construction Remnants with a stronger sense of identity.
Era of Construction and The earlier the development period, the clearer the
Development collective memory

2.3.3. Vitality Evaluation Methodology for “Urban Mines”

The vitality assessment of Huaibei City’s central urban “urban mines” integrates the
Yaahp Analytic Hierarchy Process (AHP) and Entropy Weighting Method to maximize
measurement precision. As a subjective weighting approach, AHP uses the Yaahp V10.3
software to perform calculations by constructing judgment matrices and combining expert
scoring. The Entropy Weighting Method, as an objective weighting approach, evaluates the
randomness and disorder of events through entropy values. At the same time, the entropy
value is used to determine the degree of dispersion of the influencing factors. The higher
the degree of dispersion, the greater the influence of this indicator in the comprehensive
evaluation [22]. Based on inter-factor correlations and referencing mainstream vitality
measurement methodologies, 23 evaluation items were identified across five dimensions.
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2.4. Analysis of Vitality Influencing Factors for “Urban Mines” in Huaibei City’s Central

Urban Area

2.4.1. Environmental Vitality Analysis

Environmental vitality comprises building types, residential complex counts, rural

homestead ratios, water coverage of subsidence areas, and spatial fragmentation within the

“urban mines” influence zone (Figure 5). Analysis of building types reveals that the primary

residential structures within the “urban mines” are multi-story buildings. In contrast,

low-rise buildings are predominantly found in aging coal-mining villages. Independent

mining areas on the periphery of the central urban area exhibit weaker environmental

vitality, whereas the Xiangcheng Mine—located near the city center with land rezoned for

residential use—demonstrates stronger ecological dynamism.
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Figure 5. Analysis of environmental vitality impact factors.

2.4.2. Economic Vitality Analysis

Economic vitality analysis encompasses housing prices, the number of shopping

venues, and the number of employment units within the “urban mines” (Figure 6). Com-

munities within the Xiangcheng Mine area exhibit higher housing prices due to proximity

to the urban economic center. Other communities within the “urban mines” generally

display lower socioeconomic indices.
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Figure 6. Analysis of economic vitality impact factors.

2.4.3. Analysis of Population Vitality

Population vitality analysis comprises population density, residential population,
and the number of educational institutions. The heat map, by analyzing the movement
data of people in the “urban mines” and those engaged in various activities, can visually
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represent the vitality of the “urban mines”. Analysis of Baidu heatmaps for weekdays and
non-working days reveals significantly higher population density in “urban mines” during
non-working hours (Figure 7). “Urban mines” with larger resident populations, locations of
public service facilities with clear appeal to residents, and proximity to commercial centers
exhibit stronger vitality (Figure 8).

Time Xiangcheng Mine, Zhangzhuang Mine, Yangzhuang Mine,
May 2024 Daihe Mine Zhuzhuang Mine Lieshan Mine

Liudong Mine Zhaolou Mine

Weekdays

Non-weekdays

Time Xiangcheng Mine, Zhangzhuang Mine, Yangzhuang Mine, ) ) )
. . . . . Liudong Mine Zhaolou Mine
January 2026 Daihe Mine Zhuzhuang Mine Lieshan Mine

(=)
Weekdays
Non-weekdays

Figure 7. Heatmap of population affected by “urban mines” in Huaibei City’s central urban area. The
color markings are all clearly shown on the picture. The red circles represent the research scope of
each mine.
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Figure 8. Analysis of population vitality impact factors.

2.4.4. Facility Vitality Analysis

The facility vitality of “urban mines” is composed of green space accessibility, the

number of transit stops, and road network density. It is generally recognized that the

supply of transportation resources is proportional to the number of roads, transit stops, and

the ease of walking. The greater the number of transportation service facilities, the more

accessible the “urban mines” become, leading to a higher vitality index. Research indicates

that Huaibei City has relatively well-configured public transportation stops, with extensive

coverage in “urban mines” and balanced proximity to various facilities; however, parking

facilities within “urban mines” near the city center are notably insufficient. While older

“urban mines” exhibit high vitality, they often become obstacles to urban development at

the facility level. Conversely, mining areas farther from the city center tend to have more

convenient urban transportation (Figure 9). For instance, Xiangcheng Mine and Zhuzhuang

Mine have relatively high facility density and strong vitality, yet they lag behind the average

level of their respective regions. Although Liu Dong Mine and Zhao Lou Mine are located

far from the city center, their facilities are more dynamic than those in the surrounding

areas. Instead, they exert a driving force on the development of urban space.

2.4.5. Analysis of Cultural Vitality

Coal mining has shaped the urban culture of Huaibei City. The industrial remains

of “urban mines” document many historical events from the city’s development and con-

struction. The cultural vitality of “urban mines” is a continuation of the city’s cultural

heritage. From the integrity of the industrial square, the representativeness of the construc-

tion remains, and the age of construction and development, it can effectively reflect that, as

industrial remains, “urban mines” play a significant role in enhancing the vitality of “the

mines” and continuing the city’s cultural heritage (Figure 10).
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3. Results
3.1. Vitality Assessment and Renewal Strategies for “Urban Mines” in Huaibei City’s Central
Urban Area
3.1.1. Weighted Combination Assignment
The individual influencing factors were normalized, the combined weights were
calculated, and, by combining the relevant indicator data for each “urban mine”, it can be
observed that the dominant factors of different levels of “urban mines” are different. Fixed
elements like architectural relics and industrial plazas within the study area are difficult
to alter, making vitality enhancement primarily dependent on the rational allocation of
population flows and socioeconomic factors. The population density of “urban mines” is
a key factor influencing their vitality. At the same time, the proportion of water systems
in the collapsed area has a negligible impact on the vitality of “urban mines”. Therefore,
in the process of enhancing the vitality of “urban mines”, the spatial transformation of
different types of “urban mines” should focus on considering the key factors that dominate
the dynamism of “urban mines” (Table 2).
Table 2. Combination weights of influencing factors for the “urban mines” in the central urban area
of Huaibei.
Intermediate Layer Analytic Hierarchy Process Entropy Weight Combination Rankin
Evaluation Factors Evaluation Layer Weighting Method Weight Weights a 8
Building Type 0.017. 8 0.042. 340 0.018. 166 16
) Number of Households 0.0417 0.075 403 0.075 792 04
Environmental
Vitality 0.074 5 Rural Homestead Land Ratio 0.007 8 0.048 431 0.009 106 22
Proportion of water systemsin 4 57 5 0.029 698 0.005 154 23
subsidence areas
Number of Shopping Venues 0.067 2 0.081 544 0.132 086 03
Number of employers 0.093 5 0.019 372 0.043 660 0
Economic Healthcare facilities 0.0309 0.025 849 0.019 253 15
o 0.3318
vitality Sports and fitness facilities 0.036 4 0.023 595 0.020 702 13
Number of Tourist Attractions 0.0422 0.024 957 0.025 386 11
Community housing price level 0.061 6 0.041 118 0.061 053 05
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Table 2. Cont.
Intermediate Layer Analytic Hierarchy Process Entropy Weight Combination Rankin
Evaluation Factors Evaluation Layer Weighting Method Weight Weights 8
Crowd Density 0.090 1 0.075 403 0.163 761 01
. Actual Number of Resi-dents 0.0850 0.024 343 0.049 876 06
Population
Vitality 0.3551 Community Engagement 0.104 8 0.053 231 0.134 469 02
Number of Educational Teaching 75 0.020 212 0.036 637 08
Points
Green Space Accessibility 0.0122 0.055 489 0.016 318 17
Number of Transit Stops 0.0217 0.027 548 0.014 409 19
Road network density 0.0231 0.069 189 0.038 525 07
Facilit

Vitalit}}/] 0.160 7 Road Accessibility 0.028 9 0.020 921 0.014 574 18
Highway Overpass Density 0.006 5 0.068 369 0.010 712 21
Facility Accessibility 0.0301 0.030 152 0.021 877 12
Facility Diversity 0.038 2 0.033 604 0.030 942 09
Industrial Square Integrity 0.0187 0.043851 0.019766 14

Cultural Representativeness of
Vitality 0.0779 Architectural Remains 0.0486 0.022892 0.026817 10
Development Era of Urban Mines 0.0107 0.042489 0.010959 20

3.1.2. Research Findings on the Vitality Assessment of “Urban Mines”

Using the natural breakpoint method in GIS, the “urban mines” within Huaibei’s
central urban area were classified into three vitality levels. In the central urban area of
Huainan City, there are three areas with low activity levels of “urban mines”, two areas
with medium activity levels of “urban mines”, and two areas with high activity levels of
“urban mines”. Research indicates that “urban mines” located near the main urban area
exhibit relatively higher vitality. Studies have shown that while “urban mines” integrated
into cities exhibit relatively high vitality, they themselves remain vitality-deprived zones
within urban areas. Despite the substantial quantity of infrastructure and public service
facilities they possess, their distribution across the urban landscape is marked by significant
disparities. As the distance from the core urban center increases, the vitality of “urban
mines” declines. While the absolute number of infrastructure and public service facilities is
limited, they are concentrated around these “urban mines,” making them distinct drivers
of urban development in their respective areas.

3.1.3. Vitality Measurement and Factor Influence Analysis of “Urban Mines”

After classifying and statistically analyzing 23 influencing factors, the overall results
show that higher-vitality “urban mines” in Huaibei’s central urban district exhibit a higher
proportion of factors categorized at advanced levels, with both economic and population
vitality showing relatively stronger performance. The spatial fragmentation of “urban
mines” within Huaibei’s central urban district is pronounced, indicating room for improve-
ment in urban spatial planning. Through graded analysis of these areas, this study aims
to summarize the advantages of high-vitality zones and identify development potential
in low-vitality regions, thereby providing theoretical support for enhancing vitality and
informing urban design strategies for mine-encapsulated urban areas in Huaibei.

e  The “urban mines” with low vitality levels (Daihe Mine, Liudong Mine, and Zhaolou
Mine) have relatively low economic and population vitality, and the degree of rural
land development is also low. There is limited room for improvement in the short term.
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e The “urban mines” with medium vitality levels (Zhangzhuang Mine, Zhuzhuang
Mine, Lieshan Mine) have relatively fragmented spaces, which have a significant
impact on the vitality of urban mines. They have a large number of residents and
considerable potential for enhancing economic vitality. However, they are severely
aging, which to some extent restricts the development of the tertiary industry.

e  The “urban mine” at the high-activity level (such as Xiangcheng Mine and Yangzhuang
Mine) integrates well with the city. Some of these urban mines even combine to form new
metropolitan areas, featuring high population density and community participation.

The vitality of each “urban mine” in the central urban area of Huaibei City varies
significantly, and there is considerable room for improvement in economic and population
vitality. During the development process, it is necessary to avoid excessive pursuit of the
renewal of physical space. At the same time, the shaping of cultural value in coal-resource-
based cities should be taken into account. Each “urban mine” must identify the key factors
influencing its vitality. In the subsequent transformation and development process, it is
essential to fully integrate these key influencing factors, adopt a strategy of leading by
example, and enhance the overall vitality of the city through different development paths,
thereby promoting the development of urban space.

4. Discussion

Based on the unique advantages and existing problems of different levels of “urban
mines”, and in combination with Maslow’s hierarchy of needs theory, a spatial adaptability
update strategy for “urban mines” is proposed to optimize space development methods
and rebuild residents” enthusiasm in their communities.

4.1. Improve the Functional and Business Characteristics of the Space, and Shape Urban
Cultural Landmarks

The high vitality characteristics of Xiangcheng Mine and Yangzhuang Mine are mainly
attributed to their advantageous location close to the urban center and the high-density
population base in the surrounding area, rather than the endogenous driving force of the
internal spatial quality of the mining area. Therefore, the spatial renewal strategies of the
two mines are different.

The production facilities within the “urban mines” of Xiangcheng Mine have been
largely dismantled, but the internal facilities lack vitality and do not have high-quality
nodes capable of hosting urban activities. The internal road network should be optimized
to truly integrate into the urban vitality nodes. Yangzhuang Mine, although retaining some
industrial remnants, faces geological constraints from large-scale coal mining subsidence
areas, severely limiting the incorporation of high-intensity urban functions. Therefore, the
renewal strategy for such “urban mines” should focus on the manifestation of cultural value.
Drawing on the governance experience of Pan’an Lake in Jiawan District of Xuzhou, efforts
should be made towards ecological restoration and cultural tourism development [23].
While avoiding geological risks, it aims to provide ecological recreational spaces in high-
density urban areas and enhance the region’s overall spatial livability.

4.2. Repair the Damaged Spatial Texture and Improve the Facilities for Elderly Care

The Zhuzhuang Mine, Zhangzhuang Mine, and Lieshan Mine, as mature mining
areas, have a large resident population, which ensures a basic level of community vitality.
However, these mining areas were built relatively early and are generally subject to dual
constraints: first, the internal space is severely fragmented due to dedicated railway lines
and coal mining subsidence areas, which hinders community interaction; second, the aging
population is prominent, and existing facilities are unable to meet the needs of the elderly.
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Therefore, the renewal strategy for such mining areas should focus on “social needs” and
“respect needs”. At the spatial repair level, in response to the fragmentation caused by rail-
ways and coal mining subsidence areas, large-scale demolition and reconstruction should
be avoided. Instead, acupuncture-style renewal methods should be adopted, transforming
linear leftover spaces into slow-moving greenways connecting communities and converting
fragmented and idle plots into pocket parks, thereby mending the broken community fabric
and rebuilding the neighborhood social network. At the level of facility improvement,
revitalizing idle mining area office buildings or underutilized land should be done, and the
living security and convenience of residents should be enhanced through adaptive aging
renovations, in order to maintain and sustain the community vitality of the mining areas.

4.3. Revitalize Underutilized Existing Spaces by Injecting Distinctive Industrial Functions

The Daihe Mine, Liudong Mine, and Zhaolou Mine are “urban mines” located far from
the urban core. They are unable to receive the resource radiation and functional expansion
from the core area of the city. Moreover, the surrounding areas are mostly low-developed
villages or farmlands, lacking industrial support. This has led to the loss of both population
and resources in both directions. The core issue of their development lies in the low
efficiency of resource allocation due to their remote location. Therefore, their regeneration
strategy should refocus on addressing “physiological needs” and “safety needs.” On the
one hand, specialized functions should be introduced. Leveraging the advantage of ample
idle land in the mining areas, tertiary industries that have low dependency on the city
center but require substantial space can be implanted. On the other hand, considering that
such “urban mines” still retain certain foundational facilities, it is essential to maintain and
optimize basic living amenities to ensure residents’ fundamental quality of life and prevent
further decline in regional vitality.

In conclusion, the renewal of “urban mines” should be carried out in a dynamic and
flexible manner. Each “urban mine” and other special units have their own corresponding
renewal methods compatible with their dominant factors. The development of urban
space should adhere to the principle of “people-centered”, and through strengthening the
participation of residents in urban governance and planning implementation, the quality
of people’s lives can be effectively improved.

5. Conclusions

This study used multi-source data to conduct an in-depth analysis of the five
dimensions—environmental vitality, cultural vitality, facility vitality, economic vitality,
and population vitality of the “urban mine” in the central urban area of Huaibei. By
combining the Analytic Hierarchy Process (AHP) and the Entropy Weighting Method, a
vitality measurement and evaluation system for the “urban mine” in the central urban
area of Huaibei was constructed, and quantitative analysis was carried out. Based on the
classification of vitality levels, the dominant factors for the development of different “urban
mines” in terms of vitality were extracted, and adaptive spatial optimization strategies
were proposed around these dominant factors, providing a quantitative research approach
for the detailed spatial design of special units in coal-resource-based cities.

The research has found that the “urban mine” located close to the urban core exhibits
relatively high vitality, but its support for urban spatial development is still insufficient.
“Urban mines” in peripheral areas, although less vibrant, have a more obvious driving
effect on the surrounding areas, becoming the spatial support points for the multi-centered
and cluster development of the city. Furthermore, the density of people flow is positively
correlated with the activity level of “urban mine”. That is, the more dense the flow of
people, the higher the activity level of “urban mine”. To enhance the activity level of “urban
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mine”, it is necessary to fully consider the uniqueness of the spatial unit where the “urban
mine” is located, pay attention to enhancing the economic vitality of the corresponding
area, and also base it on the overall spatial planning of the city. At the same time, it is
necessary to base the city’s overall spatial planning on introducing new business forms
into the “urban mine” to attract more people and make it a potential core area for future
urban spatial development.

The research further enriched and improved the assessment and analysis framework
for measuring vitality during the renewal process of coal-resource-based cities. The ob-
tained research results have significant guiding and reference value for enhancing the
urban vitality of special urban units. Given that the analysis of spatial fragmentation in-
volves various urban land types, future research can further focus on the matching degree
between urban spatial structure and spatial functions, especially conducting specialized
optimization studies targeting the “urban mine” spaces with higher fragmentation levels,
and conducting multi-scenario simulations of spatial evolution within a certain range,
thereby promoting the realization of higher-quality urban development.

This study enriches and refines the assessment framework for measuring vitality
during the renewal of coal-resource-based cities. The findings provide significant guidance
and reference value for enhancing the urban dynamism of special urban units. Given
that spatial fragmentation analysis involves multiple urban land types, future research
could focus more intently on the alignment between urban spatial structure and spatial
functions. Specifically, specialized optimization studies should target highly fragmented
“urban mine” spaces, potentially conducting multi-scenario simulations of spatial evolution
within defined parameters to drive higher-quality development of urban spaces.
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