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URBAN PLANNING AND DESIGN

Enhancing cultural heritage accessibility through space syntax: a case study of 
the archaeological site of the wooden water gate of southern Yue State
Dingran Chena, Runqi Wangb and Yang Xiaoc

aDepartment of Architecture and Design, Politecnico di Torino, Torino, Italy; bDepartment of Computer Science, University of Liverpool, 
Liverpool, UK; cFaculty of Economics, Saitama University, Saitama, Japan

ABSTRACT
The accessibility of heritage sites is essential for sustaining cultural vitality in urban environ
ments. This study investigates the Wooden Water Gate of the Southern Yue State in 
Guangzhou, China, with the goal of improving its spatial accessibility and integration within 
the historic district. Using an integrated framework combining Space Syntax analysis, field 
surveys, and urban design strategies, spatial metrics such as connectivity, integration, choice, 
and total depth were evaluated to diagnose accessibility challenges. The analysis revealed 
fragmented spatial structures, weak topological connections, and excessive spatial depth that 
hinder visitor movement and disrupt historical continuity. Based on these findings, targeted 
interventions were proposed, including enhancing pedestrian linkages, activating public 
spaces, and creating a cultural heritage experience loop. The results demonstrate that combin
ing spatial analysis with urban design offers an effective approach to optimizing heritage 
accessibility. While grounded in a case, the insights contribute to broader applications for 
heritage revitalization globally.
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1. Introduction

Accessibility plays a pivotal role in achieving sustain
able urban development (Liu et al. 2025; Moreno et al.  
2025), notably aligning with Sustainable Development 
Goal 11 (SDG 11), which emphasizes creating inclusive, 
safe, resilient, and sustainable cities and human settle
ments. As a key determinant of how people interact 
with the urban environment, accessibility serves as 
a bridge between spatial planning objectives and the 
lived urban experience. Urban design fundamentally 
shapes the functionality, inclusiveness, and spatial 
equity of cities through the dimension of accessibility. 
Ashrafi, Kloos, and Neugebauer (2021) emphasize that 
cultural heritage, as a vital part of urban areas, is crucial 
for reflecting historical evolution and sustaining the 
connection between past and future generations. 
Specifically, the accessibility of cultural heritage sites 
significantly influences their viability and societal rele
vance, thus directly affecting urban sustainability and 
cultural continuity. Therefore, optimizing the accessi
bility of heritage sites through urban design interven
tions not only enhances physical connectivity but also 
strengthens their integration into contemporary urban 
fabric, promoting both cultural preservation and 
dynamic urban development.

Furthermore, Twumasi-Ampofo, Oppong, and 
Quagraine (2023) argue that integrating historic 

buildings and sites into urban planning is essential 
for achieving sustainable development goals and pre
serving the identity of communities. Building on this 
perspective, enhancing urban design strategies for 
historic districts not only strengthens the sense of 
place among residents and visitors but also plays 
a critical role in effective placemaking, thereby contri
buting to the sustainable revitalization of heritage 
environments (D. Chen 2024). However, Tweed and 
Sutherland (2007) argue that while traditional heritage 
protection focuses on individual monuments and con
servation areas, it often overlooks less tangible fea
tures such as street patterns, which are crucial in 
shaping a city’s unique character and fostering 
a sense of belonging integral to cultural identity. 
Thus, optimizing the spatial configuration of historic 
districts becomes crucial for bridging tangible and 
intangible dimensions of heritage conservation.

As Yang et al. (2025) highlight, spatial accessibil
ity is increasingly recognized as a critical compo
nent in urban landscape planning, reflecting its 
significance in urban heritage management. 
Heritage sites represent an integral component of 
the urban landscape, contributing not only to the 
spatial structure but also to the cultural identity 
and historical continuity of cities. Their preservation 
and integration within the broader urban fabric are 
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essential for sustaining the social, cultural, and eco
nomic vitality of contemporary urban environments. 
Nevertheless, current accessibility to heritage sites 
faces numerous barriers, including traffic congestion 
(Moreno et al. 2025; Yang et al. 2025), inadequate 
infrastructure (Liu et al. 2025), and the inconveni
ence of pedestrian and cycling pathways (Moreno 
et al. 2025). These barriers not only restrict visitor 
mobility but also compromise the overall vitality 
and connectivity of heritage sites. Y. Chen et al. 
(2025) further emphasize that enhancing spatial 
connectivity and vitality within historical districts is 
essential for maintaining the authenticity and con
tinuity of cultural heritage.

The archaeological site of the Wooden Water Gate 
of Southern Yue State (WWGSYS), located in 
Guangzhou, China, embodies these challenges 
vividly, facing pressing issues related to limited visi
tor accessibility and fragmented spatial connectivity, 
thereby underscoring the urgent need for informed 
spatial planning and design interventions to enhance 
its integration into the urban fabric and ensure its 
sustainable revitalization. This study aims to system
atically evaluate and optimize accessibility at the 
archaeological site of WWGSYS through the applica
tion of Space Syntax methods. By quantitatively ana
lyzing spatial configurations and their impacts on 
pedestrian movement and connectivity, the research 
intends to propose specific, actionable urban design 
strategies for enhancing heritage accessibility. The 
ultimate objective is not only to facilitate visitor 
access but also to activate and revitalize the site 
sustainably, ensuring its integration into broader 
urban contexts while preserving its cultural signifi
cance and authenticity.

Despite the recognized importance of enhancing 
accessibility in historical districts, there remains 
a notable research gap concerning the application of 
Space Syntax specifically aimed at optimizing the 
accessibility and activation of heritage sites within 
the Chinese context. This study hypothesizes that the 
current spatial configuration of the WWGSYS site criti
cally impacts its accessibility within the surrounding 
urban context, and that spatial factors such as integra
tion, connectivity, and visibility play a decisive role in 
shaping visitor access and movement patterns. It 
further posits that targeted spatial interventions, 
informed by space syntax analysis, can substantially 
enhance visitor accessibility, improve the experiential 
quality, and ultimately strengthen the site’s vitality and 
sustainable development. Addressing this gap, the 
current research poses the following questions:

● How does the current spatial configuration of the 
WWGSYS site, as revealed through space syntax 
analysis, impact its accessibility and integration 
within the surrounding urban fabric?

● How can targeted space syntax-based interven
tions enhance the site’s spatial accessibility and 
improve the visitor experience?

This study differs from previous research in three 
respects. First, rather than describing spatial patterns 
only, it operationalizes Space Syntax within a Chinese 
historic-district context to directly optimize heritage 
accessibility. Second, it triangulates syntactic indica
tors (connectivity, integration, choice, total depth) 
with on-site field observations and translates the diag
nosis into implementable urban-design interventions. 
Third, it extends the analysis to policy-relevant recom
mendations within a transparent, stepwise procedure 
that enhances methodological replicability. By 
employing an integrated methodological approach 
combining space syntax analysis, field survey and the 
development of targeted urban design strategies, this 
study offers new insights and methodological frame
works for heritage accessibility enhancement and revi
talization planning in China, thereby addressing an 
existing gap in current research.

2. Literature review

2.1. Accessibility and urban design

Accessibility, as conceptualized by Hansen (1959), is gen
erally defined as the ease with which individuals can 
reach destinations or access services within a given spa
tial area. Building on this foundation, Garau, Annunziata, 
and Yamu (2020) refine the definition by emphasizing 
accessibility as the ability to benefit from opportunities in 
public spaces. It is closely tied to urban spatial configura
tion and land-use patterns. Yildiz Ozkan and Cekmis 
(2024) emphasize that spatial connectivity, especially 
through street networks, plays a critical role in regional 
spatial integrity. Street length and direction strongly 
influence accessibility performance. Additionally, Tian 
and Jiang (2025) underscore the importance of evaluat
ing urban landscape accessibility to optimize public ser
vice facility distribution, thereby promoting spatial equity 
and contributing to more inclusive urban environments.

In heritage contexts, Aftabi and Bahramjerdi (2023) 
argue that sustainable urban planning should inte
grate strategies such as pedestrian-friendly routes 
and adaptive reuse of historic buildings. These mea
sures improve accessibility, enhance resilience, and 
support cultural tourism. Moreover, Y. Chen, Zheng, 
and Yan (2023) propose that the application of para
metric methods offers scientific and innovative frame
works for urban planning, effectively balancing spatial 
configuration optimization with historical and cultural 
preservation needs. These studies suggest that enhan
cing accessibility in heritage sites should be both ana
lytical and context-sensitive, balancing cultural 
significance with functional integration.
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From a practical urban design perspective, Deng 
et al. (2021) emphasize that urban design strategies, 
including the creation of permeable and legible urban 
forms and the provision of high-quality public spaces, 
are vital for enhancing spatial accessibility and sup
porting the sustainable revitalization of historic quar
ters. Similarly, Huang et al. (2023) demonstrate that 
improving accessibility to public amenities and devel
oping pedestrian-oriented street networks signifi
cantly boosts street vitality and overall urban 
integration, leading to improved quality of urban life. 
Furthermore, Gospodini (2007) highlights that urban 
conservation enhances place identity by both preser
ving a city’s historical and cultural heritage and creat
ing distinct environmental images that attract and 
engage visitors. Taken together, these findings suggest 
that strategic interventions focusing on spatial acces
sibility not only strengthen heritage preservation but 
also foster dynamic and sustainable urban environ
ments. To further support such spatial strategies with 
analytical precision, the following section introduces 
Space Syntax as a methodological framework for quan
tifying and optimizing urban accessibility. In summary, 
previous studies establish accessibility as a core com
ponent of sustainable urban design, yet few have sys
tematically examined its role within heritage 
conservation.

2.2. Space syntax

Space Syntax, developed by Bill Hillier and Julienne 
Hanson at University College London in the late 
1970s, is a powerful analytical method for interpreting 
urban space objectively (Önder and Gigi 2010). This 
method inherently recognizes a strong correlation 
between physical spatial arrangements and social 
structures. The analytical framework provided by 
Hillier and Hanson (1989), utilizing graph theory for 
street network analysis, has firmly established Space 
Syntax as an indispensable tool for urban spatial 
research. It translates complex urban networks into 
quantifiable and visual forms, providing a scientific 
basis for evaluating spatial accessibility in both con
temporary and historical contexts. Du (2025) explicitly 
acknowledges the utility of Space Syntax in assessing 
the accessibility of urban landscapes, demonstrating 
its applicability in urban planning processes. This 
aligns with the growing recognition, as highlighted in 
Section 2.1, that accessibility is central to both spatial 
equity and urban vitality.

Building on this foundation, Space Syntax offers 
a set of spatial indicators that are particularly useful 
for evaluating street network structure and pedestrian 
behavior. Moreno et al. (2025) identify key metrics like 
integration and connectivity as essential for under
standing the performance of urban street systems. 
These metrics are instrumental in identifying how 

easily different parts of a city can be reached and 
how movement flows through a given spatial config
uration. Integration, for instance, quantifies how acces
sible space is within the whole system, reflecting its 
centrality and attractiveness to pedestrians. As another 
important Space Syntax metric, choice assesses the 
extent to which a particular segment is likely to be 
used as a route between all possible origin- 
destination pairs, resembling the concept of between
ness in graph theory. Depth, also recognized as a core 
syntactic indicator, measures the number of steps or 
topological transitions required to reach a given space 
from all others in the network; higher depth values 
typically reflect more segregated or peripheral spaces, 
whereas lower values suggest greater accessibility and 
centrality. Yunitsyna and Shtepani (2023) further 
demonstrate that these indicators not only help pre
dict pedestrian movement patterns but also support 
spatial interventions to enhance social and commercial 
interactions. Thus, Space Syntax serves as a critical link 
between spatial morphology and behavioral dynamics 
in urban environments.

Recent applications of Space Syntax further empha
size its utility in heritage revitalization and urban 
design. Xu et al. (2020) argue that Space Syntax analy
sis can inform urban design concepts that enhance 
sustainable heritage tourism, highlighting its capacity 
to guide culturally sensitive interventions. Celik and 
Yildirim (2025) apply Space Syntax specifically within 
historic urban districts, showing how spatial integra
tion patterns can reflect and reshape the dynamics of 
heritage spaces. Similarly, Garau, Annunziata, and 
Yamu (2020) assert that incorporating Space Syntax 
into planning processes facilitates the identification 
of walkability barriers and enables targeted interven
tions to improve inclusivity and spatial usability. 
Moreover, Salah Ouf (2001) emphasizes that the histor
ical identity of urban areas is often encoded in their 
spatial structures, particularly streets and built forms, 
suggesting that spatial coherence in historical districts 
can be enhanced by focusing on street network 
configuration.

Fan et al. (2024) further demonstrate the effective
ness of combining Space Syntax with GIS-based pedes
trian analysis and urban design adjustments in George 
Town, Penang. Their study proposed micro-scale inter
ventions such as the creation of pedestrian zones, 
addition of zebra crossings, and regulation of “five- 
foot ways” along traditional shophouses to enhance 
both accessibility and safety in a UNESCO-listed heri
tage city. This approach shares conceptual proximity 
with the present study, as both emphasize translating 
syntactic analysis into practical, culturally adaptive 
design strategies. However, while they focus primarily 
on safety and movement efficiency in George Town, 
the present research extends the method toward heri
tage accessibility and spatial integration in the Chinese 
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context, highlighting how syntactic metrics can guide 
design interventions for improving visitor experience 
and cultural continuity.

Taken together, these perspectives support the 
notion that Space Syntax not only deepens our under
standing of urban form but also provides a robust 
analytical foundation for designing inclusive, walkable, 
and culturally resonant heritage spaces. In summary, 
Space Syntax provides measurable indicators that link 
spatial structure with social and behavioural patterns, 
forming a solid foundation for urban design research.

2.3. Study site

Guangzhou, located in southern China, is recognized 
today as one of the world’s major megacities (Figure 1). 
Historically, however, it served as the capital of the 
Southern Yue State, reflecting its profound political 
and cultural significance. In 1982, the Chinese govern
ment established the “State-list Famous Historical and 
Cultural Cities” (Guojia Lishi Wenhua Mingcheng) 
mechanism, which marked a critical shift from the 
preservation of isolated monuments to the compre
hensive conservation of larger urban historical spaces. 
Guangzhou was among the first cities to be designated 
under this new framework, emphasizing its importance 
as a cultural and historical hub. Benefiting from this 
policy, several historic districts within the ancient city 
boundaries of Guangzhou were identified for priority 
protection, among which the Beijing Road Historic 
District stands as a prominent example. This designa
tion laid the groundwork for integrating heritage pro
tection into broader urban renewal efforts, especially 
in relation to enhancing spatial accessibility and func
tional integration.

Recent urban planning and policy developments 
further underscore the importance of accessibility 
and spatial cohesion within Guangzhou’s historic 
core. Lei and Xu (2024) highlight that Guangzhou, as 
a national central city, actively promotes high-quality 
urban renewal initiatives aimed at enhancing livability, 
resilience, and governance efficiency, thereby acceler
ating the transformation towards a more sustainable 
and inclusive urban development model. Fang and Wu 

(2025) emphasize that while the city has proactively 
engaged in top-level cultural heritage protection 
through legislative frameworks, it continues to face 
challenges in revitalizing heritage buildings. These 
issues highlight the urgent need for more effective 
spatial and urban design strategies to enhance the 
accessibility and functional integration of heritage 
sites into the surrounding urban fabric. Xie et al. 
(2024) also point out that the Beijing Road commercial 
street has been recognized as a critical site for balan
cing heritage resource preservation with economic 
transition, stressing the value of integrated design 
approaches. Collectively, these insights underscore 
the importance of analytical tools such as Space 
Syntax in diagnosing spatial barriers and informing 
evidence-based design strategies for the revitalization 
of heritage environments.

The Beijing Road Historic District is a vibrant com
mercial zone layered with rich historical and cultural 
significance. In 2000, during urban development 
activities beneath Guangming Plaza on Beijing 
Road, archaeologists uncovered the archaeological 
site of WWGSYS (Figure 2). This site, dating back 
over 2000 years, is the earliest, largest, and best- 
preserved wooden sluice gate known globally. 
Functioning as part of the southern city wall of the 
Southern Yue capital, the water gate played critical 
roles in flood control, tidal defense, drainage, and 
military fortification. The discovery provides invalu
able insights into ancient Chinese architecture, 
urban planning, and hydraulic engineering, shed
ding light on the political, economic, and cultural 
development of the Lingnan region during 
a formative period in Chinese history. In 2006, the 
site was designated as a national key cultural relics 
protection unit and was simultaneously included in 
UNESCO’s Tentative List of China’s World Cultural 
Heritage. Given the site’s exceptional historical 
value and its current challenges in spatial integra
tion, it offers an ideal case for applying the analytical 
and design frameworks discussed in Sections 2.1 
and 2.2. The chosen research boundary encom
passes a square area extending 1 kilometer in radius 
centred on Guangming Square. This clearly defined 

Figure 1. Location of the Beijing Road Historic District in Guangzhou. (Resource: authors).
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spatial scope facilitates an in-depth exploration of 
the factors influencing heritage accessibility and 
supports the detailed application of Space Syntax 
analysis to propose targeted urban design interven
tions. Overall, the Beijing Road Historic District 
exemplifies how historical heritage and modern 
urban systems intersect, providing a valuable foun
dation for testing accessibility-oriented design 
strategies.

3. Methodology

This research employs Space Syntax methodology, 
integrating it with field surveys to systematically eval
uate and optimize the accessibility of heritage sites 
from an urban design perspective. According to Liu 
et al. (2025), pedestrian accessibility constitutes 
a fundamental component of urban design, emphasiz
ing its crucial role in urban space planning and heri
tage site management. The methodological 
framework adopted herein specifically addresses how 
spatial configurations impact pedestrian movement, 
visitor interaction, and overall accessibility within heri
tage areas. Space Syntax, fundamentally grounded in 
topological analysis, provides a robust theoretical basis 
for examining spatial structures and their influence on 
pedestrian mobility and site accessibility. Tian and 
Jiang (2025) highlight that topological relationships 
underpin the analytical capabilities of Space Syntax, 
facilitating precise delineation of area boundaries and 

internal spatial structures. Consequently, these analy
tical capacities are particularly useful in assessing heri
tage site layouts and their implications for visitor 
accessibility. Furthermore, Önder and Gigi (2010) vali
date the utility of Space Syntax as a method for eval
uating the effectiveness of specific urban design 
interventions, underscoring its applicability in practical 
heritage planning contexts.

Space Syntax serves as an analytical tool aimed at 
uncovering underlying economic, cultural, and social 
logics embedded within urban spatial networks. Its 
analytical strength lies in providing an objective, quan
tifiable, and intuitive representation of spatial arrange
ments, beneficial for comprehensively addressing 
urban renewal and revitalization challenges. 
Specifically, its capacity to harmonize multi-functional 
assessments and unify local and global spatial analyses 
renders it highly suitable for evaluating and optimizing 
heritage site configurations. This comprehensive ana
lytical capability enables detailed assessment and pre
cise intervention planning to enhance the spatial 
integration, connectivity, and overall accessibility of 
heritage sites.

Complementing the Space Syntax analytical 
approach, field surveys are employed to gather empiri
cal data on current pedestrian movement patterns, 
visitor behaviours, and site conditions at WWGSYS 
archaeological site. These observations facilitate vali
dation and refinement of the Space Syntax analysis, 
providing nuanced insights into real-world 

Figure 2. The archaeological site of the Wooden Water gate of southern Yue State. (Resource: photograph by the authors, 
September 2024).
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accessibility challenges and visitor interaction 
dynamics. In addition to quantitative analysis and 
field observation, this research also develops targeted 
urban design optimization strategies based on analy
tical findings. These strategies aim to address identi
fied spatial shortcomings and propose actionable 
interventions to enhance the accessibility, connectiv
ity, and experiential quality of the heritage site. The 
combination of rigorous quantitative analyses and 
detailed qualitative observations enables the formula
tion of targeted, context-sensitive urban design strate
gies aimed at optimizing heritage accessibility.

To enhance methodological transparency and 
replicability, the research process follows a systematic 
multi-stage procedure integrating quantitative spatial 
analysis with empirical fieldwork. The procedure con
sists of: (1) defining research problems and objectives 
related to accessibility and integration challenges at 
WWGSYS; (2) collecting baseline data, including the 
street network obtained from Tianditu (National 
Platform for Common Geo-Spatial Information 
Services) and base maps of the study area, as well as 
empirical information collected through on-site field 
surveys regarding pedestrian movement patterns, visi
tor behaviour, and physical spatial conditions; (3) pre
processing the Tianditu-derived street network 
through projection harmonization and topology clean
ing, and generating an axial map using DepthmapX 
(version 0.8.0) to represent the topological configura
tion of the site; (4) computing key syntactic indicators 
to evaluate both local and global accessibility. The 
conceptual definitions and analytical interpretations 
of these four indicators are further elaborated in 
Section 4 (Results), where each metric is discussed in 
relation to its spatial implications and analytical out
comes; (5) validating syntactic results through cross- 
referencing with field observations to identify poten
tial mismatches between predicted and observed 
accessibility; (6) interpreting integrated findings to 
diagnose spatial constraints and propose targeted 
urban design interventions to enhance connectivity, 
legibility, and overall accessibility; and (7) formulating 
policy recommendations derived from the analytical 
findings to guide heritage management and urban 
planning practices, encouraging the integration of spa
tial accessibility assessment into evidence-based deci
sion-making frameworks. While the proposed 
interventions are conceptual and not yet simulated 
through a secondary syntactic analysis, their formula
tion and policy implications are informed by the quan
tified accessibility patterns revealed in previous steps. 
This systematic procedure ensures the methodological 
clarity, reproducibility, and practical applicability of the 
study.

To visually clarify the analytical process and demon
strate how quantitative spatial analysis and empirical 
validation are integrated, Figure 3 presents the 

methodological framework adopted in this research. 
The diagram summarizes the three major stage, input, 
analytical & validation, and interpretation & output, 
highlighting the logical flow from data collection and 
preprocessing to the generation of accessibility maps 
and design recommendations.

4. Result

This section presents the combined analytical and 
empirical results of the study, organized into two com
plementary parts. The first part reports the results of 
the Space Syntax analysis, conducted using 
DepthmapX v0.8.0 based on the TianDitu street- 
network dataset, which quantifies key spatial indica
tors – connectivity, integration, choice, and total 
depth – to evaluate accessibility patterns within the 
Beijing Road Historic District and the WWGSYS site. 
The second part introduces the field study results, 
which include systematic on-site observations and 
photographic documentation, serving to validate and 
interpret the syntactic findings in relation to real-world 
pedestrian behaviour and environmental conditions.

4.1. Space syntax analysis results

4.1.1. Connectivity
Connectivity quantifies the immediate accessibility of 
a spatial unit, typically represented as street segments 
or axial lines, by counting the number of directly adja
cent spatial units reachable within a single step. It 
serves as a direct measure of local accessibility. High 
connectivity values indicate that a spatial segment 
possesses numerous direct linkages within the local 
network, suggesting superior immediate accessibility. 
Streets exhibiting higher connectivity typically occupy 
densely arranged street networks or key intersections, 
allowing access to multiple potential routes within 
a short distance. Consequently, streets with high con
nectivity play a pivotal role in spatial cohesion and can 
enhance regional spatial integration by acting as cen
tral nodes within the urban fabric, thereby facilitating 
visitor accessibility.

The analysis indicates that the connectivity of 
Zhongshan Road and Jiefang Road within the research 
scope is the highest, followed by Beijing Road. Overall, 
the north-south road connectivity is higher, while the 
east-west road connectivity needs improvement, and 
the analysis results align with the actual situation 
(Figure 4).

4.1.2. Integration
Integration assesses the relative depth or accessibility 
of spatial units within the broader network. It com
prises global integration and local integration, where 
global integration measures the centrality of a site 
within the entire urban network, indicating its ease of 
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Figure 4. Connectivity analysis of the Beijing Road historic district. (Resource: produced by the authors using DepthmapX v0.8.0, 
based on street network data from Tianditu in 2024).

Figure 3. Methodological framework. (Resource: authors).
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reach from the broader urban context. Conversely, 
local integration evaluates accessibility within limited 
radio, providing insights into the intermediate or 
micro-scale advantages of the heritage site’s immedi
ate surroundings. According to Önder and Gigi (2010), 
buildings and areas of significant cultural-historical 
value often exhibit low integration within their 
immediate network contexts. Integration values are 
crucial not just numerically but in interpreting the 
strategic position of heritage sites, informing urban 
design interventions aimed at increasing their spatial 
centrality and accessibility.

The integration map generated from the analysis illus
trates that Zhongshan Road is the main axis of regional 
development. The northern area enclosed by the three 
transportation corridors of Jiefang Road-Zhongshan 
Road-Beijing Road serves as the primary commercial cen
tre for the district, with a significantly higher level of 
integration compared to the southern area (Figure 5).

4.1.3. Choice
Choice, analogous to betweenness centrality, quanti
fies the frequency with which a spatial unit lies on the 
shortest paths connecting pairs of origin-destination 
nodes within a network. Streets or locations exhibiting 
high choice values represent critical passageways or 
essential routes, indicating significant potential for 
pedestrian or vehicular flow. For heritage sites, high 
choice values suggest enhanced visibility and visitor 

attractiveness within the broader urban network, 
underscoring their strategic placement and potential 
for attracting spontaneous visitation or integrated 
movement patterns.

The analysis results of the Choice indicate that the 
road distribution within the research scope is relatively 
even, which can balance the traffic flow in the area 
(Figure 6).

4.1.4. Total depth
Total depth measures the cumulative steps or dis
tances from a particular node or a set of nodes to all 
other nodes within the network. Typically expressed 
through metrics like average or maximum depth, it 
indicates the overall accessibility or remoteness of 
the site from essential urban nodes such as transit 
hubs, commercial centres, and metro stations. High 
total depth values suggest relative isolation or diffi
culty in accessibility, indicating peripheral positioning 
within the urban spatial system. In contrast, lower total 
depth values reflect central positioning and superior 
overall network accessibility, emphasizing efficient 
connectivity and proximity to major urban infrastruc
ture and amenities.

The total depth analysis results indicate that the 
connectivity and convenience in the northern part of 
the study area are generally higher than in the south
ern part, centred around Zhongshan Road, showing 
a radial distribution trend (Figure 7).

Figure 5. Integration analysis of the Beijing Road Historic District. (Resource: produced by the authors using DepthmapX v0.8.0, 
based on street network data from Tianditu, 2024).
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Figure 6. Choice analysis of the Beijing Road Historic District. (Resource: produced by the authors using DepthmapX v0.8.0, based 
on street network data from Tianditu, 2024).

Figure 7. Total depth analysis of the Beijing Road historic district. (Resource: produced by the authors using DepthmapX v0.8.0, 
based on street network data from Tianditu, 2024).
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4.1.5. Summary of spatial indicators
The findings from this spatial syntax analysis clearly 
demonstrate specific strengths and weaknesses of 
WWGSYS’s current spatial configuration. 
Connectivity and integration analyses revealed that 
enhancing local linkages and global accessibility 
can significantly increase visitor flow and heritage 
site vitality. Choice and total depth metrics empha
sized the need for strategic infrastructural enhance
ments, such as better pedestrian pathways and 
clearly defined access routes, to elevate the site’s 
visibility and attractiveness within the urban net
work. These insights collectively provide a detailed 
framework for targeted design interventions aimed 
at optimizing heritage accessibility and sustaining 
cultural vitality.

To synthesize the results of the Space Syntax ana
lysis, Table 1 summarizes the comparative outcomes 
of the four key spatial indicators across the main 
corridors and nodes within the Beijing Road Historic 
District. This synthesis clarifies the relative spatial 
roles and accessibility hierarchies of each area, pro
viding a concise basis for subsequent design 
discussion.

4.2. Field study results

Complementing the Space Syntax analysis, the field 
study involved direct on-site observations and photo
graphic documentation to validate syntactic findings 
and assess real-world accessibility conditions. The sur
vey confirmed several analytical findings, for instance, 
segments with low integration and connectivity values 
corresponded to underutilized alleyways, poorly main
tained pavements, and visual obstructions (Figure 8). 
Conversely, areas with high syntactic centrality dis
played greater pedestrian activity, active street fron
tage, and commercial density (Figure 9). A notable 
finding concerns the entrance to the WWGSYS site, 
which is located on the basement level of 
Guangming Square, a large commercial complex. This 

vertical separation between the street-level urban fab
ric and the underground heritage entrance contributes 
to its poor visibility and weak spatial integration 
(Figure 10). Despite its cultural importance, the 
entrance is neither intuitively located nor clearly 
marked from surrounding public spaces, resulting in 
limited pedestrian flow and missed opportunities for 
engagement. These field observations highlight the 
importance of combining structural and perceptual 
design interventions to improve accessibility and site 
vitality.

5. Discussions

The connectivity values along the north-south streets 
adjacent to Guangming Square are lower than the 
average for the district, indicating a weaker topolo
gical structure within the alleyway network and 
a limited capacity to support effective pedestrian 
dispersal. Furthermore, the gradual decline in inte
gration values from north to south suggests poor 
accessibility in the northern sectors and an over- 
concentration of pedestrian flow in the southern 
areas, hindering efficient dispersal and reducing the 
overall visitor experience.

While Beijing Road exhibits the highest integration 
and choice values within the district, acting as a strong 
attractor of pedestrian flow, the adjacent Xihu Road 
shows a significant drop in both integration and choice 
values. This sharp contrast results in a “trunk siphon 
effect”, weakening the attractiveness and accessibility 
of Xihu Road’s public facilities.

Additionally, the streets surrounding Guangming 
Square and Dafosi Temple exhibit significantly 
higher total depth values compared to neighboring 
areas, indicating weaker spatial linkages and 
a degree of spatial fragmentation relative to the 
surrounding Beijing Road Historic District. This frag
mentation undermines the continuity and integrity 
of the district’s overall historical and cultural 
narrative.

Table 1. Comparative summary of space syntax indicators and spatial characteristics of key corridors in the Beijing road historic 
district. (Resource: authors).

Corridor/Area Connectivity Integration Choice
Total 

Depth Key spatial characteristics

Beijing Road High Very High Very High Low Main pedestrian and commercial corridor
Zhongshan Road Very High Very High Very High Low Major east-west transport corridor enhancing 

regional accessibility and integration
Wenming Road Moderate Moderate Moderate Moderate Transitional street linking core and periphery; 

moderate accessibility and mixed land use
Xihu Road Moderate Moderate Moderate Moderate Limited public attraction and lower integration with 

main pedestrian flows
Guangming 

Square Area
Low Moderate Low Moderate Fragmented alley network

Gongyuanqian 
Station Area

High High Very High Low Major transport hub with strong spatial integration 
and movement potential

Beijing Road 
Station Area

Moderate High Very High Low Interchange node enhancing accessibility along the 
southern axis
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To spatially project the proposed design procedures 
derived from the spatial analysis, a series of schematic 
maps (Figures 11–13) illustrate how analytical findings 
are translated into site-specific urban design strategies. 

These visual representations link the analytical results 
with the proposed interventions, ensuring spatial 
clarity and practical applicability. In response to the 
identified issues, a comprehensive strategy based on 

Figure 9. The segment with high connectivity value. (Resource: photograph by the authors, December 2023).

Figure 8. The segment with low connectivity value. (Resource: photograph by the authors, December 2023).
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cultural leadership, organic renewal, and integrated 
enhancement is proposed.

5.1. Activating the historic commercial axis and 
enhancing spatial permeability

Beijing Road functions as the district’s primary pedes
trian corridor, connecting Zhongshan Road to the 
north and the Pearl River waterfront to the south. In 
contrast, the surrounding roads near Guangming 
Square are of lower hierarchy, with the northern 
Shuyuan Street block yet to be developed, and the 
southern edge terminating at Wenming Road with 
only minor alleyways.

Thus, optimization strategies are proposed in two 
directions centred around Guangming Square 
(Figure 11):

(1) Northward: Enhance direct pedestrian connec
tions to the undeveloped Shuyuan Street block 
and optimize the exit connections to the under
ground space, thereby strengthening links to 
major transportation nodes. This intervention 
would increase Guangming Square’s attractive
ness as a destination, boost the axial permeabil
ity of Beijing Road, and reinforce its role in 
concentrating cultural and commercial activ
ities. In addressing similar issues, Önder and 
Gigi (2010) suggest that providing direct pedes
trian entries from adjacent sub-regions into the 

target area can significantly enhance pedestrian 
connectivity and accessibility, particularly by 
linking entrances to urban open spaces.

(2) Southward: Improve the eastern frontage of 
Guangming Square by integrating paving 
designs that embed cultural imprints of the 
WWGSYS, creating a shaded historical walkway. 
Incorporate rest areas, artistic displays, and sce
nic spots into the design to immerse visitors in 
the history and culture as they stroll. According 
to (Yildiz Ozkan and Cekmis 2024), direct pedes
trian connections are vital for urban vitality and 
appeal. By upgrading the existing corridors, con
sidering pedestrian needs and walking safety, 
designing a clear road signage system, and 
establishing a direct walking connection with 
Wenming Road, this aims to enhance the per
meability of the streets and the vitality of the 
city, promote communication and interaction 
between Guangming Square and the southern 
area, and provide more space and opportunities 
for commercial and cultural activities in the area.

5.2. Creating a public service vitality corridor and 
restructuring spatial nodes

Strengthening key nodes is crucial for enhancing 
their competitiveness and significance within the 
urban network (Y. Chen et al. 2025). Although Xihu 
Road is positioned as a major public space along 

Figure 10. The entrance of the Wooden Water gate of southern Yue State. (Resource: photograph by the authors, 
September 2024).
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Beijing Road, it currently lacks strong pedestrian 
attraction. Enhancing the emotional ambiance of 
public spaces can significantly boost user participa
tion, visitation frequency, and social interaction (Zou 
et al. 2023).

It is proposed to deploy 3D projection systems 
under the arcade structures along Xihu Road to pro
ject “Southern Yue State Splendor” light shows dur
ing the night, complemented by interactive 
information screens in public spaces to diversify 

Figure 11. Strategy 1: multi-directional activation of the historical commercial axis to enhance spatial permeability. (Resource: 
authors).
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cultural activities. Additionally, a “Southern Yue 
Impressions” sculpture embedded with LED displays 
showcasing archaeological documentaries should be 
installed at the northern entrance of Guangming 
Square on Xihu Road to strengthen place identity 
and enhance the attractiveness of the WWGSYS site 
(Figure 12).

In the broader context of promoting spatial equity, 
Moreno et al. (2025) highlight that the concentration 
of cultural and heritage sites in central urban areas 
exacerbates spatial access inequalities. They advocate 
establishing satellite cultural centres and repurposing 
vacant spaces in peripheral areas to promote a fairer 
distribution of cultural resources. Incorporating such 

Figure 12. Strategy 2: creating a public service vitality corridor to restructure spatial nodes. (Resource: authors).
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decentralized strategies into the Beijing Road Historic 
District holds practical significance. On the one hand, it 
can break the excessive concentration of cultural 
resources at the Nanyue King Museum central axis 
area of Beijing Road, radiating and spreading cultural 

vitality to the surrounding areas. On the other hand, by 
optimizing the overall layout of the heritage land
scape, it further enhances accessibility, allowing more 
visitors to conveniently access and experience the rich 
historical culture.

Figure 13. Strategy 3: developing a cultural experience route around Beijing Road to establish an integrated experiential network. 
(Resource: authors).
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5.3. Establishing a Beijing Road heritage 
experience loop and a comprehensive interaction 
network

Leveraging the distribution of surrounding historical 
landmarks and transport hubs, paths with deeper 
total depth values are selected to form a cultural 
heritage experience loop encircling Beijing Road. 
Buragohain et al. (2024) highlight that enhancing 
accessibility is fundamental to democratizing cul
tural heritage experiences, ensuring that heritage 
sites are no longer limited to those with physical or 
economic means to travel, but can be accessed 
widely through strategic technological or spatial 
interventions.

Integrating public transportation with urban devel
opment (Li et al. 2024), this experiential loop connects 
docks, metro stations, and bus terminals to facilitate 
seamless, multi-modal access for citizens and visitors.

The route (Figure 13) will feature distinctive paving, 
iconic signage, and navigation aids to improve way
finding efficiency and spatial recognition, enhancing 
overall accessibility and visitor experience (Celik and 
Yildirim 2025). Furthermore, recognizing that excessive 
spatial depth can diminish accessibility, it is recom
mended to eliminate “dead-end” alleyways and link 
them to streets with lower topological depth, thereby 
reducing unnecessary turns and lowering spatial depth 
across key sectors. Such measures align to improve 
overall network integration and reinforce visitor mobi
lity throughout the heritage district. Additionally, by 
integrating historical and cultural elements to narrate 
the Nanyue story, creating distinctive themed activ
ities. By assigning visitors historical identities and 
embedding role-playing characters, check-in missions 
and narrative-driven activities can be strategically 
designed along heritage experience loops. This 
approach not only enhances visitors’ engagement 
and enriches the visitation experience (Campos, 
Guerreiro, and Beevor 2025). but also elevates the 
recognizability, utilization efficiency, and global visibi
lity of the WWGSYS site.

6. Conclusions

This study investigated the accessibility challenges of 
the WWGSYS site within the Beijing Road Historic 
District, employing Space Syntax analysis, field surveys, 
and urban design strategies. Through this research, the 
questions raised in the introduction regarding the 
site’s spatial configuration, accessibility, and potential 
for design-based improvement were systematically 
addressed. The results reveal that fragmented connec
tivity, uneven integration patterns, and excessive spa
tial depth significantly hinder visitor accessibility and 
weaken the site’s integration with the surrounding 
urban fabric.

Based on these findings, targeted urban design 
interventions were proposed, including enhancing 
pedestrian linkages, activating key public spaces, and 
establishing a cultural heritage experience loop. These 
strategies aim to improve spatial permeability, rein
force site vitality, and restore the continuity of the 
historical and cultural landscape.

Although this study focuses on a single heritage site 
in China, the integrated methodological framework 
and findings offer broader insights applicable to heri
tage sites worldwide. Many historical urban areas 
across different countries face similar challenges of 
fragmented spatial structures, limited accessibility, 
and declining cultural vitality. The approach of com
bining quantitative spatial analysis with context- 
sensitive urban design interventions can serve as 
a replicable model for improving accessibility, enhan
cing visitor experience, and fostering the sustainable 
revitalization of heritage environments globally.

Moreover, the findings provide policy-relevant 
insights, suggesting that spatial accessibility analysis 
should be incorporated into heritage management 
and urban planning processes to support evidence- 
based decision-making and ensure more inclusive, sus
tainable revitalization practices.

Distinctive findings of this study include 
a pronounced “trunk-siphon effect”, where Beijing 
Road’s very high integration and choice values sup
press pedestrian flow on adjacent Xihu Road; fragmen
ted connectivity and high total depth around 
Guangming Square indicating spatial segmentation; 
and an accessibility deficit caused by the underground 
entrance to the WWGSYS site. Scientifically, the study 
contributes:

● a transparent, stepwise analytical-to-design pro
cedure linking syntactic diagnosis to practical 
interventions and policy guidance.

● an indicator-to-intervention mapping that can be 
adapted to other heritage districts.

● empirical cross-validation of Space Syntax predic
tions with field observations in a Chinese historic- 
district context.

However, this research has certain limitations. It pri
marily analyses static spatial configurations without 
incorporating dynamic pedestrian flow simulations or 
long-term behavioural data, which could further 
enrich the understanding of temporal movement 
patterns and visitor behaviours. Future research 
should integrate dynamic simulation models to vali
date and extend the accessibility framework pro
posed in this study, complementing the static 
analysis with behavioural dynamics. Moreover, as 
a case-specific study, contextual differences across 
global heritage sites may influence the direct applic
ability of the proposed strategies. To further verify 
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the practicality of the proposed urban design strate
gies, future research could conduct a secondary 
Space Syntax analysis after simulated or implemen
ted street adjustments, thereby testing their effec
tiveness in improving accessibility and spatial 
integration. Practically, these limitations can be 
addressed by post-intervention syntactic re-analysis, 
agent-based pedestrian simulations, and comparative 
multi-case benchmarking to test transferability and 
long-term effectiveness.
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