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Abstract: Utilizing underground space has become a means to address urban issues, however, 
heritage protection in underground development has become an unavoidable challenge. Whether to 
proceed with underground development in a heritage site requires a suitability study that considers 
various influencing factors to guide comprehensive protection planning. Therefore, conducting a 
suitability study for underground development in heritage sites is a critical issue that must be 
addressed before policy and planning decisions. Based on preliminary research, this study identifies 
and summarizes the influencing factors of underground heritage development suitability, 
innovatively constructs “Underground Resource Development Suitability Index System of Cultural 
Heritage, URDSIS-CH”, and employs the “Dependency Analytic Process, DAP” method for 
evaluation. It explores spatial development issues arising from underground heritage development 
and clarifies the relationship mechanisms between relevant influencing factors. The study seeks to 
resolve the contradiction between underground space development and cultural heritage protection 
through technological and methodological approaches, providing insights for a more scientific 
approach to underground heritage preservation and utilization. 

Keywords: underground development; cultural heritage protection; evaluation; influencing factors 
 

1. Introduction 

Globally, the trend of utilizing underground space has evolved from early-stage spatial 
utilization to a means of solving urban problems. This has become an inevitable path for urban 
renewal [1]. However, urban heritage is inherently vulnerable in the face of large-scale development 
and construction. The historical value of urban heritage is accumulated over time, with much of it 
buried underground and irreplaceable. A lack of attention during underground development may 
lead to irreversible destruction. 

Heritage protection in underground resource development is an unavoidable issue, as it is about 
not just preserving the past for the past’s sake, but respecting the past for the present [2]. In European 
countries such as the UK, France, and Germany, the purpose of underground space utilization is to 
protect the urban environment, natural landscapes, and historical sites. Hence, a fundamental 
principle of urban infrastructure construction in Europe is to place facilities that would otherwise 
obstruct cityscapes underground [3]. Scholars have conducted extensive research in this field, which 
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can be categorized into four areas: 1). Comprehensive Underground Resource Development in 
Historic Cities: Archer argues that if underground heritage is neither fully utilized nor well 
understood, even a cultural metropolis like Paris cannot effectively manage its vast underground 
space [4]. Varriale emphasizes the importance of strengthening underground cultural spaces as 
valuable resources for urban identity and tourism development [5]. 2). Underground Development 
and Protection of Individual and Clustered Heritage Sites: Salvarani states that urban underground 
spaces are often symbolically used for rituals and memorial ceremonies and are closely linked to local 
community culture [6]. Hiroi systematically analyzed the integrated and multifunctional 
underground development of historic Japanese cities [7]. 3). Heritage Protection Near 
Underground Rail Transit: Giuseppe suggests that underground transport development should be 
designed to minimize its impact on heritage buildings in historic city centers [8]. 4). Underground 
Archaeological Site Protection: Bayraktar and Ayşe propose that developing archaeological parks can 
preserve ancient landscapes in open spaces while promoting heritage conservation and tourism, 
thereby driving economic growth [9]. Varriale notes that reconstructing underground building 
heritage (UBH) for sustainable reuse is becoming increasingly popular and is a key focus of several 
internationally funded projects [10]. He also highlights that underground archaeology can utilize and 
repurpose abandoned underground cultural heritage, contributing to cultural, social, and urban 
renewal [5]. These studies demonstrate that from a holistic urban perspective, cultural heritage 
remains inseparable from urban underground development. Ultimately, the issue revolves around 
the efficient and integrated use of underground space while balancing development and preservation 
concerns. 

The suitability of underground resource development is a highly complex and interdisciplinary 
issue, involving not only geological factors such as geological structures but also economic, social, 
transportation, and locational factors [11]. Many scholars have already studied and constructed 
various evaluation systems for the suitability of urban underground space development [12–15]. 
However, there is an inherent contradiction between the practical needs of urban underground 
development and the objective necessity of cultural heritage protection. A lack of respect and 
understanding for historical preservation, local cultural context, and the spirit of place often arises 
[16]. Compared to regular urban land, cultural heritage areas are more fragile and possess unique 
heritage value. Therefore, underground resource development in heritage sites must consider not 
only the factors typically involved in underground development but also the intrinsic value of the 
heritage itself and the impact of development on it. Many heritage sites are located in old urban 
districts, where underground development could potentially alleviate urban issues such as traffic 
congestion, parking shortages, and inadequate infrastructure—problems that otherwise threaten the 
historical landscape.Existing research on heritage underground resource development evaluation 
[17,18] has mainly focused on heritage impact assessment [19,20]. For example, Wang Qian argues 
that a rapid and accurate risk assessment of the impact of China’s rapidly developing urban rail 
transit systems on surrounding architectural heritage is crucial [21]. 

Clearly, there is an inherent contradiction between the demand for urban underground 
development and the protection of cultural heritage areas. Overemphasizing underground 
development at the cost of urban heritage or excessively prioritizing heritage preservation at the 
expense of urban comfort and ecological balance can both hinder the harmonious and organic growth 
of a city. However, underground resource development in heritage sites does not necessarily lead to 
destruction; it can be transformed into a means of protecting heritage and utilizing its value. Whether 
a heritage site should undergo underground development requires an understanding of the 
influencing factors affecting both development and preservation. A comprehensive approach that 
integrates all relevant factors must be taken to formulate a protection plan for the entire heritage site. 
Therefore, evaluating the suitability of underground development in heritage areas is a crucial issue 
that must be addressed before making policy and planning decisions. 

A scientific and comprehensive feasibility assessment of underground cultural heritage resource 
development will provide a strong basis for guiding such projects. This study examines the factors 
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influencing the suitability of underground heritage development and analyzes their impact on 
decision-making. By constructing an indicator system and using the authors’ “Dependency Analytic 
Process, DAP” [22] to determine factor weights, the study explores heritage underground 
development and protection. The contributions of this research, compared to previous studies, are as 
follows: First, it conducts an in-depth analysis of the factors influencing the suitability of heritage 
underground development and constructs an evaluation index system along with scoring standards. 
Second, it carries out an on-site investigation of heritage sites in the old city of Xuzhou, incorporating 
the current state of heritage, discussions with local government officials and experts, and identified 
heritage protection issues to prepare for subsequent evaluation work. 3. Two typical case studies are 
selected, evaluated using the author’s previously developed DAP, and analyzed for factor 
interrelationships. These case studies further demonstrate the practicality, superiority, and 
innovation of the method. 4. Based on the evaluation results, the study discusses the interconnections 
between factors influencing underground heritage development and provides targeted policy 
recommendations. In summary, this research aims to provide technical guidance for underground 
heritage resource development while also showcasing the applicability and comprehensiveness of 
the DAP in holistic evaluations. 

2. Methods 
2.1. Establishment of Evaluation System 

Through a comprehensive analysis of domestic and international research on heritage protection 
and utilization in underground development, it is evident that cultural heritage areas possess unique 
heritage value. Therefore, the suitability of underground development for heritage sites should not 
only consider conventional underground development factors but also the intrinsic value of the 
heritage, its feasibility for development, indirect impact factors, and the spatial needs of local 
residents. Many heritage sites are located in old urban districts, where underground development 
could help alleviate urban issues such as traffic congestion, parking shortages, and inadequate 
infrastructure, which threaten the historical landscape. Feasibility and indirect impact factors 
primarily refer to the systematic evaluation of development resistance and potential benefits, all of 
which affect development suitability. This study asserts that the influencing factors should not be 
evaluated in isolation but rather in terms of their interdependencies and mutual support, forming the 
principles of this evaluation system. 

Based on the “Principles for the Conservation of Heritage Sites in China”, and respecting existing 
research [17,23–26], an initial framework for assessing the suitability of underground resources 
development of cultural heritage has been established, as shown in Figure 1. This framework consists 
of four core values: intrinsic value, current status value, reuse value, and impact value. The intrinsic 
value means that the higher the heritage protection level, the less suitable it is for underground 
development. The current status value means whether the current function of the heritage site is 
reasonable, whether it has already been developed, whether it is above or underground, the 
preservation status, quality, and scale of the remains. The reuse value refers to the location, 
transportation, development potential, environmental, and ecological values, which influence future 
protection and utilization. The impact value is the future development value of the heritage, 
including its economic and commercial value, public recognition, transportation development, and 
urban planning significance. 
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Figure 1. Framework of the Suitability Assessment System for Underground Resource Development of Cultural 
Heritage. 

To refine the evaluation system, field surveys were conducted, and discussions were held with 
experts, scholars, and planners on aspects such as the current state of heritage sites, heritage 
protection status, and future development plans. As a result, a three-tier evaluation index for 
underground resources development of cultural heritage suitability was formulated, as shown in 
Table 1. These indicators determine the methods and strategies for future heritage protection and 
utilization. Successful examples, such as Rome and Paris, highlight the economic and cultural tourism 
benefits generated by architectural heritage conservation. 

Table 1. Underground Resource Development Suitability Index System of Cultural Heritage (URDSIS-CH). 

Objective 

Layer 

First-Level 

Indicator 

Indicator Code Second-Level Indicator 

Suitability of 

Underground 

Resource 

Development 

of Cultural 

Heritage  

Heritage Value 

（A） 

A1 Heritage Protection Level 

A2 Historical Value 

A3 Archaeological Value 

Heritage 

Development 

Characteristics（B） 

B1 Heritage Building Density 

B2 Heritage Control Zone 

B3 Heritage Protection Method 

B4 Heritage Quality 

Heritage 

Environmental 

Condition（C） 

 

C1 Spatial Location 

C2 Current Function of Underground 

Space 

C3 Accessibility of Underground 

Transportation 

C4 Ground Transportation Condition 

C5 Infrastructure facilities 

D1 Height of Ground Buildings  
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Existing 

Construction Status 

of Heritage（D） 

D2 Scale of Heritage Site 

D3 Depth of Underground Development 

D4 Condition of Underground Remains 

D5 Underground Rail Transit Lines 

Natural 

Conditions（E） 

E1 Geological Disasters 

E2 Water Quality Conditions 

E3 Engineering Geological Conditions 

Future 

Development 

Value（F） 

F1 Economic Status 

F2 Commercial Economic Value 

F3 Sense of Identity Among User Groups 

F4 Rationality of Current Use of Heritage 

F5 Transportation Development (Urban 

Planning) Value 

2.2. Establishment of Scoring Criteria 

The URDSIS-CH comprehensive evaluation system proposed in this study includes many 
indicators that can be accurately scored, such as heritage protection level, zoning control, building 
density, and construction status. However, some indicators are difficult to quantify precisely and can 
only be represented within a fuzzy range, such as the commercial economic value of heritage 
conservation and transportation (urban planning) value. To standardize evaluation, this study adopts 
a direct quantitative scoring approach, using quantifiable indicators as the benchmark for defining 
scoring standards. According to China’s Cultural Relics Protection Law, Chapter 1, Article 3, heritage 
protection levels in China are divided into National Key Cultural Relics Protection Units, Provincial-
Level Cultural Relics Protection Units, Municipal and County-Level Cultural Relics Protection Units. 
Heritage zoning control areas are categorized as strict construction restriction zones, limited 
construction zones, appropriate construction zones, and developed zones. Protection methods are 
classified into preservation, restoration, renovation, and reconstruction. Based on the characteristics 
of the evaluation system, the assessment levels are divided into five grades using a five-point scale 
(5, 4, 3, 2, 1). The URDSIS-CH evaluation system takes heritage value as its foundation and the 
feasibility of underground development as its objective, assigning scores to different factors based on 
the characteristics of each heritage site, thus establishing the corresponding scoring standard, as 
shown in Table 2. Using this standard, data is collected through field surveys, random interviews, 
and structured discussions, providing a foundation for data calculation and result analysis. 

Table 2. Scoring Criteria for Suitability Evaluation of Underground Resource Development of Cultural 
Heritage. 

Evaluation 
Sub-Item 
Indicators 

Scoring Criteria 

5 4 3 2 1 

A1 

Heritage 
Protection 
Level 

Cultural 
Relics 
Protection 
Site 

Municipal/Cou
nty Level 

Provincial 
Level 

National 
Level 

World Level 

A2 Above-Ground Sites 
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Historical 
Value 

No significant 
commemorati
ve value and 
historical 
value is 
common 
nationwide 

Minor historical 
research value 

Certain 
historical 
value 

Commemorat
es significant 
historical 
events and 
figures, with 
high 
historical 
value 

Strongly 
associated 
with 
significant 
historical 
events and 
figures, high 
historical 
value 

Underground Sites 

Strongly 
associated 
with 
significant 
historical 
events and 
figures, high 
historical 
value 

Commemorates 
significant 
historical events 
and figures, 
with Relatively 
high historical 
value 

Certain 
historical 
value 

Minor 
historical 
research 
value 

No significant 
commemorati
ve value and 
historical 
value is 
common 
nationwide 

A3 
Archaeologi
cal Value 

Highly 
related to 
significant 
historical 
information, 
high 
archaeologica
l value 

Relatively 
Highly related 
to significant 
historical 
information 

Somewhat 
related to 
significant 
historical 
information 

Low 
archaeologica
l value 

No significant 
archaeologica
l value and 
common 
nationwide 

B1 

Heritage 
Building 
Density 

High density, 
requires 
underground 
space to 
supplement 
ground 
functions 

Relatively high 
density 

Moderate 
density 

Low density Square or 
open space 

B2 

Heritage 
Control 
Zone 

No zoning Built-up area Suitable 
construction 
area 

Restricted 
construction 
area 

Cautious 
construction 
area 
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B3 

Heritage 
Protection 
Method 

No protection 
needed 

Reconstruction 
category 

Renovation 
category 

Restoration 
category 

Protection 
category 

B4 

Heritage 
Quality 

Abandoned, 
unusable 

Dilapidated 
buildings 

Average Basically 
intact 

Well-
preserved 

C1 

Spatial 
Location 

City center Sub-center Some 
distance 
from city 
center 

Deviates 
from city 
center 

Far from city 
center 

C2 

Current 
Function of 
Undergroun
d Space 

Fully 
functional 

Many functions 
but incomplete 

Some 
functional 
spaces, with 
civil defense 
facilities 

Sparse point-
like 
underground 
spaces 

None 

C3 

Accessibility 
of 
Undergroun
d 
Transportati
on 

Complete 
pedestrian, 
vehicular, 
and rail 
transit 

Rail transit 
available 

Pedestrian 
and 
vehicular 
undergroun
d transport 
available 

Pedestrian 
underground 
transport 
available 

None 

C4 

Ground 
Transportati
on 
Conditions 

High traffic 
volume, 
parking 
difficulties 

Relatively high 
traffic volume, 
parking 
relatively 
difficulties 

Moderate 
traffic 
volume and 
average 
parking 

Low traffic 
volume, 
parking 
easier 

Low traffic 
volume, easy 
parking 

C5 
Infrastructur
e Support 
for Heritage 

No 
supporting 
facilities, 
requires 
underground 
space to 
compensate 
for functional 
deficiencies 

Few supporting 
facilities 

Moderate 
supporting 
facilities, 
some impact 
on historical 
appearance 

Many 
supporting 
facilities, 
some impact 
on historical 
appearance 

Complete 
supporting 
facilities, no 
impact on 
ground 
historical 
appearance 
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D1 

Height of 
Ground 
Buildings 

bungalow
（<4.5m） 

Low-rise
（<9m） 

Multi-story
（9-18m） 

Mid-rise（18-
27m） 

High-rise
（>27m） 

D2 

Scale of 
Heritage Site 

Tomb 
clusters, city 
sites, etc. 

Large sites Historical 
and cultural 
districts 

Individual 
historical 
buildings 

Cultural relics 
protection 
sites 

D3 

Depth of 
Undergroun
d 
Developmen
t 

Shallow Sub-shallow Medium Sub-deep Deep 

D4 

Condition of 
Undergroun
d Remains 

None Identified, with 
general 
historical value 

Identified, 
with 
significant 
historical 
value 

Unidentified 
but 
confirmed 
historical 
value 

Unidentified 
but confirmed 
minor 
historical 
value 

D5 

Undergroun
d Rail 
Transit 
Lines 

Three or more 
subway 
transfer 
stations 

Two subway 
transfer stations 

Normal 
transfer 
station 

No subway 
station 

No subway 

E1 

Geological 
Disasters 

Almost no 
disasters 

Rare disasters, 
earthquake 
magnitude <5 

Few 
disasters, 
earthquake 
magnitude 
5-6 

Prone to 
disasters, 
earthquake 
magnitude 6-
7 

Frequent 
disasters, 
earthquake 
magnitude >7 

E2 

Water 
Quality 
Conditions 

Non-erosion 
zone 

Weak 
decomposition 
zone 

Weak 
decompositi
on erosion 
zone 

Weak 
crystalline 
erosion zone 

Weak 
crystalline 
decompositio
n composite 
zone 

E3 
Engineering 
Geological 
Conditions 

High soil 
bearing 
capacity, low 
compression 

Relatively high 
soil bearing 
capacity 

Moderate 
soil bearing 
capacity 

Low soil 
bearing 
capacity 

Soil does not 
meet 
development 
requirements 
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F1 

Economic 
Status 

Good 
economic 
status, 
supports 
development 

Relatively good 
economic 
status, supports 
development 

Moderate 
economic 
status, 
supports 
limited 
developmen
t 

Poor 
economic 
status, 
supports 
minimal 
development 

Poor 
economic 
status, does 
not support 
development 

F2 
Commercial 
Economic 
Value 

Enhances 
commercial 
value of the 
entire area 

Significant 
impact on 
surrounding 
commercial 
value 

Moderate 
impact on 
surrounding 
commercial 
value 

Minor impact 
on 
surrounding 
commercial 
value 

No impact 

F3 

Sense of 
Identity 
Among User 
Groups 

Significantly 
improves 
production 
and living 
environment 

Relatively 
improves 
production and 
living 
environment 

Improves 
basic 
production 
and living 
environment 

Partially 
meets 
production 
and living 
needs 

No impact 

F4 

Rationality 
of Current 
Use of 
Heritage 

Deteriorated 
appearance, 
requires 
overall 
improvement 

Somewhat 
unreasonable 
use 

Average 
functional 
utilization 

Utilized but 
needs 
improvement 

Reasonable 
function, 
harmonizes 
with 
surrounding 
appearance 

F5 
Transportati
on 
Developmen
t (Urban 
Planning) 
Value 

Enhances 
overall city 
image and 
reputation, 
solves traffic 
congestion 

Improves 
overall traffic 
and appearance 
of the area 

Improves 
traffic and 
appearance 
of the 
heritage site 

Solves traffic 
congestion at 
the heritage 
site 

No significant 
improvement 

Evaluation results are classified into four levels—excellent, good, medium, and poor—following 
previous research [17]. Development suitability is categorized into four levels are presented in Table 
3. 

Table 3. Grading Criteria for Suitability Evaluation of Underground Resource Development of Cultural 
Heritage. 

Development Suitability Score Range 

Suitable for Development 𝑌 > 4 
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Developable 3  𝑌 < 4 

Cautious Development 2  𝑌 < 3 

Not Suitable for Development 1  𝑌 < 2  

2.3. Comprehensive Evaluation 

Once the URDSIS-CH evaluation system and scoring standards are established, a 
comprehensive assessment can be conducted to determine whether a cultural heritage site is suitable 
for underground development. This study investigates the current use of underground space in 
Xuzhou’s cultural heritage areas, organizes findings from field research [27], and applies the DAP, 
which developed by the author to refine the heritage protection and utilization evaluation. Given the 
interdependencies and interactions between evaluation indicators, the DAP method is well-suited for 
optimizing decision-making in heritage conservation and utilization. 

3. Research Area 

Xuzhou City has a large number of heritage sites, making it essential to conduct development 
suitability assessments to prevent irreversible damage to cultural heritage. However, not all heritage 
sites require underground development, as decisions should consider factors such as heritage 
protection level, physical condition, transportation accessibility, economic value, and urban planning 
significance. 

Heritage site investigation and evaluation involve a multidisciplinary approach. During the 
initial assessment, detailed records of heritage attributes, natural environment, and social 
environment in detail according to Table 4 were compiled. To enhance research and analysis, 
multiple structured meetings were held with local authorities to supplement and refine survey 
records, as shown in Figure 2. These discussions provided insights into local protection policies, 
management conditions, socio-economic conditions, and planning developments, ensuring that the 
evaluation was scientifically robust and free from future controversies that could arise in heritage 
protection and utilization decisions. 

Table 4. Content of cultural Heritage Status Survey Records. 

Survey Item Record Content 

Heritage Overview Protection level, heritage type, heritage quality, current use 

Heritage Ownership Control zones, protection methods, restrictions 

Heritage Features Heritage scale, spatial layout, feature characteristics 

Historical Information Heritage history, regional history, historical events 

Location Urban location, transportation conditions, infrastructure 

Environmental 

Landscape 

Surrounding environment, cultural characteristics, geographical 

conditions 

Social Attributes Economic status, commercial status, popularity, cultural sentiment 
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Figure 2. Conduct multiple meetings with local relevant departments. 

During the investigation, it was found that the Pengcheng Subterranean Ruins, located in the 
city center, lie beneath the intersection of two subway lines. It is a municipal-level cultural relics 
protection unit, well known locally, and a key project in Xuzhou’s 14th Five-Year Plan for Cultural 
and Tourism Development. Given the government’s interest in its underground development, 
assessing its suitability for underground development is crucial for its future protection, cultural 
education initiatives, and urban ecological landscape improvement. 

The Hubu Mountain Ancient Architecture Complex (1624), located in Hubu Mountain, Xuzhou, 
was designated as a National Key Cultural Relics Protection Unit in 2006 (6th batch). The site consists 
of 13 well-preserved ancient residential courtyards and over 500 traditional dwellings, offering high 
historical and cultural research value. 

Based on on-site investigations and comprehensive analyses of Xuzhou’s old city heritage sites, 
these two sites were selected for underground development suitability evaluation using the DAP. 

4. Results 
4.1. Underground Development of Pengcheng Subterranean Ruins 

After conducting on-site investigations and data collection for the Pengcheng Subterranean 
Ruins, discussions were held with the project team to refine the original evaluation materials and 
scoring. On this basis, six professionals (including two heritage protection experts, two architectural 
designers, and two urban planners) assessed the heritage value and feasibility of underground 
development, as well as the indirect impact factors. Based on their evaluations, a suitability 
assessment score for underground development of the Pengcheng Subterranean Ruins was obtained 
as shown in Table 5. 

Table 5. Suitability score of underground development of Pengcheng Subterranean Ruins, Xuzhou City. 

Objective 

Layer 

First-Level 

Indicator 

Indicator 

Code 

Second-Level Indicator score 

Suitability of 

Underground 

Resource 

Development 

of Pengcheng 

Subterranean 

Ruins, 

Xuzhou City  

Heritage Value  

（A） 

A1 Heritage Protection Level 4 

A2 Historical Value 3 

A3 Archaeological Value 5 

Heritage 

Development 

Characteristics（B） 

B1 Heritage Building Density 5 

B2 Heritage Control Zone 1 
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B3 Heritage Protection Method 1 

B4 Heritage Quality 3 

Heritage 

Environmental 

Condition 

（C） 

 

C1 Spatial Location 5 

C2 Current Function of Underground 

Space 
5 

C3 Accessibility of Underground 

Transportation 
4 

C4 Ground Transportation Condition 4 

C5 Infrastructure facilities 3 

Existing 

Construction Status 

of Heritage 

（D） 

D1 Height of Ground Buildings  5 

D2 Scale of Heritage Site 4 

D3 Depth of Underground Development 5 

D4 Condition of Underground Remains 3 

D5 Underground Rail Transit Lines 4 

Natural 

Conditions（E） 

E1 Geological Disasters 3 

E2 Water Quality Conditions 3 

E3 Engineering Geological Conditions 4 

Future 

Development Value 

（F） 

F1 Economic Status 4 

F2 Commercial Economic Value 5 

F3 Sense of Identity Among User Groups 5 

F4 Rationality of Current Use of Heritage 2 

F5 Transportation Development (Urban 

Planning) Value 
5 

Following the support evaluation for underground development of cultural heritage, the six 
professionals analyzed and rated the interdependencies among evaluation indicators. The DAP 
method was applied to calculate the weighting of these dependencies. For example, within the first-
level indicator Heritage Value (A), the second-level indicator Heritage Protection Level (A1) has a 
self-dependency score of 1. Additionally, 30% of A1’s value is derived from its Historical Value (A2), 
meaning A1’s dependency on A2 is 0.3. The Heritage Protection Level (A1) contributes 10% due to 
its Archaeological Value (A3), so the dependency degree of indicator A1 on A3 is 0.1. Similarly, the 
dependency degree of indicator A2 on A1 is 0.3, A2 on A2 is 1, and A2 on A3 is 0.2. The dependency 
degree of A3 on A1 is 0.3, A3 on A2 is 0.3, and A3 on A3 is 1. This results in the mutual dependency 
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scores among the Second-Level Indicators within the First-Level Indicator of Heritage Value (A), as 
shown in Table 6. 

Table 6. The mutual dependency degree among the Second-Level Indicators within Heritage Value (A). 

 A1 A2 A3 

A1 1 0.3 0.1 

A2 0.3 1 0.2 

A3 0.3 0.3 1 

Using the DAP algorithm, within First-Level Indicator A, Heritage Protection Level (A1) 
depends on Archaeological Value (A3) with a dependency score of 0.1. Archaeological Value (A3) 
depends on Heritage Protection Level (A1) with a dependency score of 0.3. Thus, the correlation score 
between A1 and A3 is 0.2. Through this method, the Second-Level correlation matrix for the First-
Level Indicator Heritage Value (A) is established. 

𝐴 = ൭
1 0.3 0.2
0.3 1 0.25
0.2 0.25 1

൱ 

The sum of the correlation degrees of indicators 𝑎ଵ，𝑎ଶ，𝑎ଷwith other indicators are: 𝑏ଵ =
0.5, 𝑏ଶ = 0.55, 𝑏ଷ = 0.45, Since 𝑏ଶ = 0.55 is the largest, so 𝑐ଵ=𝑏ଶ corresponds to indicator 𝑎ଶ . The 
second largest is 𝑏ଵ = 0.5 , so 𝑐ଶ=𝑏ଵ  corresponds to indicator 𝑎ଵ , ……,Following this logic, the 
indicators ranked by descending correlation degrees are: 𝑎ଶ,𝑎ଵ,𝑎ଷ,. 

The eigenvalue of A calculated by Matlap is: 

ଵ = 1.5022，ଶ = 0.8066，ଷ = 0.6912， 

The sum of the eigenvalues of a matrix is equal to the sum of its diagonal elements, and the 
weight vector of the Second-Level Indicators is: 

5007.0
3

5022.1
3

1

1
1 


i

i

 ，𝛽ଶ = 0.2689，𝛽ଷ = 0.2304， 

Calculate the score of indicator A: 

 3312211 a aaY 
3 × 0.5007 + 4 × 0.2689 + 5 × 0.2304 = 3.7297 

By analyzing the dependency degrees of the Second-Level Indicators within other First-Level 
Indicators, the correlation matrix of the Second-Level Indicators is calculated as follows: 

𝐵 = ൮

1 0 0 0.05
0 1 0.15 0.05
0 0.15 1 0.35

0.05 0.05 0.35 1

൲ 

𝐶 =

⎝

⎜
⎛

1 0.05 0.2 0.2 0.1
0.05 1 0.1 0.05 0.1
0.2 0.1 1 0.25 0.1
0.2 0.05 0.25 1 0.1
0.1 0.1 0.1 0.1 1 ⎠

⎟
⎞
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𝐷 =

⎝

⎜
⎛

1 0 0.15 0 0
0 1 0 0 0

0.15 0 1 0.05 0.2
0 0 0.05 1 0.15
0 0 0.2 0.15 1 ⎠

⎟
⎞

 

𝐸 = ൭
1 0.1 0.15
0.1 1 0.15
0.15 0.15 1

൱ 

𝐹 =

⎝

⎜
⎛

1 0.2 0 0.05 0.2
0.2 1 0.15 0.15 0.3
0 0.15 1 0.15 0.2

0.05 0.15 0.15 1 0.2
0.2 0.3 0.2 0.2 1 ⎠

⎟
⎞

 

Using the same method, the evaluation scores for other First-Level Indicators are calculated as 
follows: 

𝑌ଶ = 2.1364，𝑌ଷ = 4.1655， 𝑌ସ = 4.24， 𝑌ହ = 2.8226， 𝑌଺ = 4.3519 

The interdependence among the factors in the first-level index layer is shown in Table 7. 

Table 7. The mutual dependency degrees of factors within the First-Level Indicators. 

 A B C D E F 

A 1 0 0 0 0 0 

B 0.3 1 0.1 0 0 0.1 

C 0 0.1 1 0.2 0.2 0.2 

D 0 0 0.2 1 0.2 0.1 

E 0 0 0 0.1 1 0 

F 0.3 0.2 0.1 0.2 0.1 1 

The correlation matrix of each factor in the First-Level Indicators is calculated: 

𝐺 =

⎝

⎜
⎜
⎛

1 0.15 0 0 0 0.15
0.15 1 0.1 0 0 0.15
0 0.1 1 0.2 0.1 0.15
0 0 0.2 1 0.15 0.15
0 0 0.1 0.15 1 0.05

0.15 0.15 0.15 0.15 0.05 1 ⎠

⎟
⎟
⎞

 

Using the same method for the First-Level Indicators, the eigenvalues of 𝐺  calculated with 
Matlab are: 

ଵ = 1.4805，ଶ = 1.1864，ଷ = 0.9222，ସ = 0.8729，ହ = 0.7821，଺ = 0.7558 

The weight vector of the underground development suitability index of the Pengcheng 
Subterranean Ruins in Xuzhou City is calculated as follows: 

𝛽ଵ = 0.2468，𝛽ଶ = 0.1977，𝛽ଷ = 0.1537，𝛽ସ = 0.1455，𝛽ହ = 0.1304，𝛽଺ = 0.1260 

The sum of the correlation degrees of each indicator is 0.3, 0.4, 0.55, 0.5, 0.3 and 0.65 respectively, 
and the corresponding indicators are ranked as 𝑎଺, 𝑎ଷ, 𝑎ସ, 𝑎ଶ, 𝑎ଵ, 𝑎ହ , the indicator score values are 
𝑌଺, 𝑌ଷ, 𝑌ସ, 𝑌ଶ, 𝑌ଵ, 𝑌ହ. 
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Total score：   561524433261Y YYYYYY 0.2468 × 4.3519 + 0.1977 × 4.1655 +

0.1537 × 4.24 + 0.1455 × 2.1364 + 0.1304 × 3.7297 + 0.1260 × 2.8226+ 0 = 3.7021 

In special circumstances (e.g., policy shifts, technical constraints, or extreme outliers), control 
variables  are used to adjust the evaluation. Generally, these control variables receive a score of 0, 
unless a critical issue arises. For instance, if a geological hazard is severe enough to make 
underground development entirely unfeasible, a negative score is assigned (a veto factor). However, 
in most cases where underground cultural relics exist, geological conditions are not severe enough 
to make development impossible. 

The final evaluation score for Pengcheng Subterranean Ruins exceeds 3. According to the 
grading criteria in Table 3, underground development is recommended for the Pengcheng 
Subterranean Ruins in Xuzhou, and formulate development strategies. Integrate the underground 
museum, subway system, underground commerce spaces, and pedestrian pathways into a cohesive 
structure, creating a “Hub + Landmark + Museum” complex. This will enable the entire underground 
space to ensure efficient pedestrian flow and transit connections in the city center while protecting 
and showcasing the underground heritage. 

4.2. Underground Development of Hubu Mountain Ancient Architecture Complex 

Similarly, relevant data on the Hubu Mountain Ancient Architecture Complex was collected, 
and on-site investigations and analysis were conducted. The same six professionals evaluated the 
suitability of underground development, and the evaluation scores for the Hubu Mountain Ancient 
Architecture Complex were obtained, as shown in Table 8. 

Table 8. Suitability score of underground development of Hubu Mountain Ancient Architecture Complex, 
Xuzhou City. 

Objective 

Layer 

First-Level 

Indicator 

Indicator 

Code 

Second-Level Indicator score 

Suitability of 

Underground 

Resource 

Development 

of Hubu 

Mountain 

Ancient 

Architecture 

Complex, 

Xuzhou City  

Heritage Value  

（A） 

A1 Heritage Protection Level 2 

A2 Historical Value 2 

A3 Archaeological Value 3 

Heritage 

Development 

Characteristics（B） 

B1 Heritage Building Density 3 

B2 Heritage Control Zone 1 

B3 Heritage Protection Method 2 

B4 Heritage Quality 1 

Heritage 

Environmental 

Condition 

（C） 

 

C1 Spatial Location 4 

C2 Current Function of Underground 

Space 
2 

C3 Accessibility of Underground 

Transportation 
1 


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C4 Ground Transportation Condition 4 

C5 Infrastructure facilities 3 

Existing 

Construction Status 

of Heritage 

（D） 

D1 Height of Ground Buildings  4 

D2 Scale of Heritage Site 3 

D3 Depth of Underground Development 5 

D4 Condition of Underground Remains 5 

D5 Underground Rail Transit Lines 3 

Natural 

Conditions（E） 

E1 Geological Disasters 3 

E2 Water Quality Conditions 3 

E3 Engineering Geological Conditions 4 

Future 

Development Value 

（F） 

F1 Economic Status 4 

F2 Commercial Economic Value 4 

F3 Sense of Identity Among User Groups 2 

F4 Rationality of Current Use of Heritage 2 

F5 Transportation Development (Urban 

Planning) Value 
3 

In the same way as above, we can calculate: 

𝑌ଵ = 2.2304,𝑌ଶ = 1.6668, 𝑌ଷ = 2.6201, 𝑌ସ = 4.1006, 𝑌ହ = 3.4226, 𝑌଺ = 2.4017 

 561524433261Y YYYYYY  0.2468 × 2.4017 + 0.1977 × 2.6201 +

0.1537 × 4.1006 + 0.1455 × 1.6668 + 0.1304 × 2.2304 + 0.1260 × 3.4226 = 2.7056 

According to the evaluation results, the necessity for underground resource development in the 
Hubu Mountain Ancient Architecture Complex is relatively low, and development should be 
approached with caution. The primary consideration could be the addition of underground parking 
facilities to alleviate ground-level parking congestion without disrupting the heritage site’s structure. 

5. Discussion 

The results of the underground development suitability evaluation for the Pengcheng 
Subterranean Ruins and Hubu Mountain Ancient Architecture Complex reveal several key insights. 
First, Heritage protection level does not determine the necessity of underground resource 
development, and not all National-Level Protected Sites require underground development. Second, 
the Urban and commercial centers influence the economic value and clustering effect of an area. 
Heritage sites located in city centers are often considered landmarks, enhancing urban image and 
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attracting attention from governments and the public. Third, existing underground spaces should be 
integrated and improved as part of heritage conservation planning. Fourth, the demand for 
underground development is proportional to surface-level functional needs and deficiencies. Last, 
the decision to develop underground resources is linked to the current state of heritage preservation. 
These conclusions underscore the holistic nature of comprehensive evaluations, where multiple 
interdependent factors must be considered. 

When applying the evaluation system established in this research, the following points should 
be noted: 1) The evaluation criteria should adopt a broad perspective, integrating historical 
landscapes, ecological environment, urban planning, and cultural continuity, ensuring a 
comprehensive assessment of heritage protection and utilization. 2) This evaluation system is not a 
conventional assessment of heritage intrinsic value. Instead, it is focuses on non-use values, with 
multiple indicators aimed at protection and utilization, such as environmental value and economic 
use value, which are closely tied to the use value derived from heritage conservation efforts. 3) 
Whenever possible, evaluation criteria should be quantified as much as possible. For instance, 
heritage protection level and current condition should have clear quantifiable standards. For less 
tangible indicators (e.g., natural conditions, future development potential), evaluations should be 
based on research, field surveys, and expert consultation to approximate reality. 4) The three-tier 
indicator system presented in this study includes representative indicators, but it can be refined and 
expanded in actual evaluations. 5) If the project involves factors such as geological hazards, water 
quality conditions, and engineering site conditions that are unsuitable for underground 
development, a “one-vote veto” decision-making power can be applied, preventing underground 
development in unsuitable locations. 6) The final evaluation score should not be the sole determinant 
of underground development feasibility. Instead, it should serve as a scientific reference for cultural 
heritage underground development and related protection strategies. In practice, multidisciplinary 
research and analysis will be involved, requiring collaborative efforts from various fields. 

Through the analysis of the indicator system, some indicators, such as Height of Ground 
Buildings, Scale of Heritage Site, and Depth of Underground Development, pose challenges in 
determining their relative importance. Many indicators are interdependent, requiring a structured 
analysis. For instance, Heritage Protection Level is closely related to Historical Value and 
Archaeological Value significance. Higher historical and archaeological value often leads to higher 
heritage protection level.Therefore, when evaluating such an indicator system, To address such 
interdependencies,the author’s created DAP addresses the theoretical challenge of determining the 
importance of indicators. 

Heritage protection is a highly specialized field, and any underground development must 
comply with local laws and regulations. Currently, in China, national and local planning standards 
rarely mention heritage site underground development explicitly. Only the Cultural Relics Protection 
Law and related cultural relics protection plans include legal references for the protection of 
underground sites. However, this study goes beyond underground archaeological site protection to 
discuss comprehensive underground development, including old city underground developments, 
subsurface development of individual and clustered heritage sites and heritage protection around 
underground transit system.To guide underground space development in historic districts, 
restrictive policy frameworks should be established. The protection planning should prioritize: 
integrating underground development with heritage protection, coordinating above-ground and 
underground design, ensuring authenticity protection for immovable cultural relics, defining 
underground archaeological zones based on archaeological findings, creating systematic plans for 
dispersed heritage sites, and strengthening connectivity between underground and surface heritage 
sites to preserve urban cultural continuity, and Ultimately promote the restoration of heritage 
landscape in historical areas. 

Several limitations in this study warrant discussion. Firstly, this research is based on the context 
of China’s heritage protection laws, planning regulations, and policy environment. The strategies 
proposed are China-specific and may not be directly applicable to other countries. Heritage status, 
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geographic conditions, conservation experience, policy frameworks, and cultural beliefs vary 
globally, affecting underground development feasibility. Developing nations, in particular, face 
unique challenges in this regard. Secondly, our analysis of Xuzhou’s heritage sites combines field 
investigations, government-published information, Research institution findings, media 
observations, and data obtained from consultations with institutions such as the Natural Planning 
Bureau. However, time constraints may have led to gaps in observation, potentially affecting the 
accuracy of our judgment on heritage information. Further research should incorporate more 
objective data sources to enhance accuracy.Lastly, while this study focuses on the Suitability factors 
underground development at heritage sites in Xuzhou, but results indicate that heritage 
underground development is a multidimensional issue involving social, economic, environmental, 
and cultural factors. These factors include: current function of underground space, accessibility of 
underground transportation, commercial economic value, the sense of identity among user groups, 
and the rationality of current use of heritage. These aspects are critical in deciding underground 
development feasibility and should be explored in future research. 

6. Conclusions 

The author believes that the social value of underground development in cultural heritage sites 
is not only an opportunity for urban spatial development but also a means to ensure the preservation 
of urban cultural heritage while providing cultural and educational value to society. This study 
organizes, selects, expands, and refines evaluation factors based on the research objectives, initially 
constructing a relatively comprehensive URDSIS-CH framework for assessing the suitability of 
underground development of cultural heritage. By applying this evaluation system to empirical 
analysis, Using the DAP method created by the author before, the study aims to resolve the conflict 
between underground space development and cultural heritage protection through technical and 
methodological approaches, ensuring a more scientific approach to heritage Protection and 
utilization. 

The research findings of this paper are expected to contribute to the future development of 
underground resources by integrating feasibility assessments into heritage Protection strategies. This 
would help address many challenges faced in cultural heritage protection, balancing modern urban 
development with historical and cultural preservation. Moreover, it is hoped that these findings will 
provide valuable planning insights for the overall protection of the cultural landscape in Xuzhou’s 
old town, which characterized by large-scale heritage sites and historical relics, as well as for other 
similar historic urban areas striving to achieve urban renewal and sustainable development through 
heritage Protection and utilization. 
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