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ARCHITECTURAL HISTORY AND THEORY

The impact of city walls on urban expansion and structure of small historical 
cities: a Space Syntax analysis of Zhengding, China
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ABSTRACT
This study employs Space Syntax analysis to examine the urban expansion of Zhengding, 
a small historical city in northern China. Focusing on the impact of the city walls on urban form, 
spatial connectivity, and functional distribution, the research analyzes the city’s growth at four 
key stages (1966, 1992, 2008, and 2024). The findings reveal a complex and evolving impact by 
the city walls, beyond that of a simple constraint. First, the walls mediated a unique “overflow 
before filled” expansion pattern, where partial demolitions guided expansion outward before 
the inner city was fully developed. Second, contradicting existing research, the city’s Axial 
Synergy increased over time, revealing the walls’ previously unappreciated function as 
a “stabilizer”. Finally, the walls’ impact is highly differentiated, creating divergent development 
logics inside and outside the city, as evidenced by the varying correlation between syntactic 
measurements and the distribution of commercial POIs. This study offers a refined methodo
logical framework for analyzing the spatial structure of small historical cities and the impact of 
physical boundaries, providing insights for planning and heritage preservation policy, particu
larly on balancing development and heritage preservation.
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1. Introduction

Although city walls in historic cities have lost their 
defensive functions, they continue to influence urban 
form and development. This influence is particularly 
evident in Chinese historic cities, where city walls have 
been shown to shape the urban landscape (C. Wang 
et al. 2021) and affect the city’s microclimate (Song et al.  
2025). Most significantly, these physical boundaries con
strain urban expansion (S. Wang et al. 2019) in these 
cities. Existing research on urban expansion using urban 
modeling has rarely focused on the impact of city walls. 
These models are usually built up upon socio-economic 
(Poelmans and van Rompaey 2010; Q. Zhang and Su  
2016); and remote sensing data (Xiao et al. 2006; 
Z. Zhang et al. 2018), employing mathematical tools 
(e.g., logistic regression, cellular automata, etc.) to effec
tively explain past urban expansion and predict future 
trends (L. Li, Sato, and Zhu 2003; Poelmans and van 
Rompaey 2010). While they incorporate various driving 
and constraining forces of urban expansion, including 
the economy, demographic dynamics, topography, and 
policies, city walls have rarely been a primary considera
tion (L. Li, Sato, and Zhu 2003; Poelmans and van 
Rompaey 2010; Xiao et al. 2006; Q. Zhang and Su  
2016). This omission is understandable for two main 
reasons. First, few contemporary cities still possess intact 

ancient city walls. Second, in large cities with remaining 
city walls, such as Xi’an (F. Wang and Gu 2023; X. Wang 
et al. 2018) and Nanjing (Chen et al. 2016; Qiao et al.  
2019; C. Xu et al. 2007), the enclosed area has long been 
fully developed. The frontier of urban expansion has 
pushed far beyond these walls, diminishing their role 
as a significant constraining force and were thus not 
specifically focused in existing research on these 
metropolises.

However, in the context of small historic cities in 
China, city walls deserve particular attention, especially 
in cases where the built-up area did not fully occupy the 
space enclosed by the walls before the dramatic urban 
expansion in the latter half of the 20th century (Angel 
et al. 2011; S. Zhao et al. 2015). During this period, these 
small cities’ built-up areas first gradually grew to fill the 
area enclosed by the city walls at a relatively slow pace 
and then overflowed through openings in the walls. The 
interaction between urban expansion and the physical 
boundary of the walls in this “fill-and-overflow” process 
has not yet been fully observed or described. Moreover, 
with a growing awareness of the value of built heritage 
and the rapid growth of heritage tourism, city walls in 
these small cities are increasingly being preserved or 
even reconstructed (Xie and Gu 2011; Z. Zhang, Yang, 
and Zhao 2003; Zhen et al. 2025). In this context, the key 

CONTACT Kun Li kunli@xauat.edu.cn State Key Laboratory of Green Building, Xi’an University of Architecture and Technology, No.13 Yanta Road, 
Beilin District, Xi ‘An, Shaanxi 710055, China

JOURNAL OF ASIAN ARCHITECTURE AND BUILDING ENGINEERING 
https://doi.org/10.1080/13467581.2025.2591513

© 2025 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group on behalf of the Architectural Institute of Japan, Architectural Institute of Korea and 
Architectural Society of China.  
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been published allow the posting 
of the Accepted Manuscript in a repository by the author(s) or with their consent.

http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/13467581.2025.2591513&domain=pdf&date_stamp=2025-11-18


question remains unaddressed: how do city walls 
impact current and future urban expansion in these 
small cities? Therefore, understanding this unique inter
action process is not merely an academic investigation, 
but also holds significant practical value for sustainable 
urban planning and heritage conservation in small 
Chinese historic cities currently undergoing similar 
transformations.

The traditional Conzenian school of urban morphol
ogy offers methods to investigate these questions. This 
school introduced the concept of the “fixation line” 
and the “fringe belt” approach to examine the 
dynamics related to physical boundaries during 
urban expansion (M. R. G. Conzen 1960). These con
cepts have been applied to small Chinese historic cities 
like Pingyao, revealing the unique urban fabric adja
cent to city walls and its morphological evolution in 
history (M. P. Conzen, Gu, and Whitehand 2012; 
Whitehand and Gu 2017; Whitehand, Gu, and Susan  
2011). However, such studies rely primarily on graphi
cal and descriptive analyses and are therefore limited 
in their ability to explore how city walls impact spatial 
connectivity, traffic movement, and spatial functional 
patterns. A deeper analysis of these impacts therefore 
requires more precise spatial analysis tools.

Space Syntax, an analytical method based on spatial 
connectivity, is especially suitable for examining the 
urban expansion in small historic cities and the impact 
of city walls on spatial structures in this process. It can 
accurately describe the complexity of urban spatial con
figurations with physical boundaries, clearly identifying 
how these elements influence potential human move
ment, and quantitatively assessing aspects such as 
urban accessibility and connectivity (Hillier 1996; Hillier 
and Hanson 1984; van Nes and Yamu 2021). The method 
has been applied to reveal how spatial configurations 
evolved during urban expansion and how they influ
enced socioeconomic aspects, including pedestrian 
movements (Atakara and Allahmoradi 2021), commer
cial activities (Mara et al. 2024), tourist flows (Y. Li et al.  
2016), and general urban dynamics (Chen 2022; Xia et al.  
2019). Recent research on Chinese cases has demon
strated its effectiveness in describing how topography 
and water bodies have shaped urban street networks 
during their historical expansion (Huang, Shi, et al.  
2025). When combined with other tools like GIS, Space 
Syntax can further examine the influence of urban 
expansion on the distribution and evolution of urban 
functions (Huang, Huang, et al. 2025). On a smaller scale, 
the Space Syntax measurements can facilitate specific 
analyses of the interaction between the urban water 
system and urban gardens (Yun and Liu 2023). The 
structural characteristics and evolution patterns 
revealed by Space Syntax can also inform and support 
contemporary urban planning and design practices, 
especially for urban regeneration and revitalization 
(Lyu et al. 2023; Yunitsyna, Shtepani, and Hasa 2024). 

Beyond analyzing different temporal cross-sections of 
a single city, Space Syntax can also be used to compare 
similar cities to identify more universal mechanisms in 
urban structure and expansion. For instance, van Nes 
(2021b) compared multiple cities in the UK and 
Germany to examine the influence of ring roads on the 
urban street network and commercial locations based 
on Space Syntax analysis. Similarly, Ge, Hou, and Xiao 
(2023) applied Space Syntax to different historical stages 
of 21 city centers in the UK, analyzing the effectiveness 
of various urban regeneration models in pedestrianizing 
the city centers.

This research applies Space Syntax approaches to 
Zhengding (正定), a small historic city in northern 
China (Figure 1). The city’s urban evolution has been 
closely related to its city walls (Q. Liu 2024; Z. Liu, Ren, 
and Xie 2014; Ni 2016) and witnessed a typical “fill-and- 
overflow” process in the latter half of the 20th century. 
The objective is to examine this “fill-and-overflow” 
expansion in detail to achieve three goals: 1) to identify 
changes in the city’s spatial structure at different 
stages; 2) to reveal how the city walls impacted these 
changes; and 3) to understand how this impact dif
fered over time.

Specifically, this research selects four key stages in 
Zhengding’s urban expansion and applies Space 
Syntax to analyze urban connectivity, Integration, and 
potential for human movement during the city’s “fill- 
and-overflow” expansion. In addition, Points of Interest 
(POI) analysis (M Wang et al. 2021; L. Xu et al. 2024) is 
conducted to complement the Space Syntax analysis 
and provide a deeper understanding of the impact of 
city walls on the urban functions and activities.

2. Methods

This study adopts a comprehensive, three-step 
method. First, preliminary mapping and statistical ana
lysis are conducted to observe the expansion of the 
urban built-up area in Zhengding. Then, space syntax 
methods are applied to analyze the spatial structure of 
the city in selected years through the syntactic mea
surements, both inside and outside the city walls, to 
identify the impact of the walls on the spatial structure. 
Finally, a POI analysis is used to assess the distribution 
of functions and activities under the impact of the city 
walls, complementing the space syntax analysis.

The analysis process is illustrated in Figure 2. This 
section will provide a detailed explanation of the spe
cific methods, materials, and tools used in each step.

2.1. Case study and materials: the walled city of 
Zhengding

The walled city of Zhengding is an ideal case for this 
study’s objectives. First, its urban evolution has been 
closely related to its city walls and witnessed a typical 
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“fill-and-overflow” process in the latter half of the 20th 
century. Second, situated in the vast Huabei Plain in 
northern China, the city does not face significant topo
graphical constraints on its expansion, allowing its 
evolution to better highlight the potential impact of 
city walls as a constraining force. The city was initially 
established as a military fortress in the 4th century and 
later evolved into a prominent regional center for both 
military and trade activities. The walled enclosure was 
expanded in the 8th and 15th centuries to encompass 
the area we see today (X. Zhao 2017).

The city walls and the major avenues together 
define the city’s basic structure. The walls are approxi
mately 12 kilometers in circumference, 10 meters high, 
and 7 meters thick. They were constructed from 
tamped earth and encased in large gray bricks (Y. Liu 
and Yu 2020). As shown in Figure 1, the walls’ outline is 
roughly rectangular in the north with indented the 
southern corners. Four city gates are located on the 
east, west, north, and south sides. The positions of the 
east and west city gates align precisely and are con
nected by the east-west main avenue (now named 

Figure 1. The location of Zhengding and its main urban elements in 2024. Source: the authors, based on orthophotos from Google 
Earth, 2024.

Figure 2. Analysis process of this paper. Source: the authors, 2024.
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Zhongshan Road, see Figure 1); the north and south 
gates are offset and connected to the city center by 
two main north-south avenues (now named Yanzhao 
Avenue and Zhenzhou Street, respectively, see 
Figure 1). These three main avenues constitute the 
primary urban axes, which generally follow orthogonal 
directions. The three axes intersect at two crossroads in 
the city center, locally called the “Big Cross” and “Small 
Cross”, which have acted as the city center for centu
ries (Figure 1).

Zhengding’s city walls were partly demolished or 
collapsed during the industrialization and urbanization 
after the founding of the People’s Republic of China 
(PRC), when the walls lost their defensive functions and 
were left unmaintained. However, in 2013, the walls 
received special protection and restoration efforts after 
being listed as a “national priority protected site” by 
the State Council of PRC, and no further collapse or 
demolition has occurred since then. The municipal 
government initiated a large-scale restoration project 
on the walls that year, both for the purpose of heritage 
preservation and, more importantly, to establish them 
as an urban landmark to promote tourism (C. Xu 2018).

The city’s built-up area has never fully occupied the 
walled enclosure. It lost its status as a regional center in 
the early 20th century, resulting in the dramatic shrink
age of the built-up area. Nowadays, even though the 
built-up area has already pushed beyond the city walls, 
there are still some areas that are left vacant or used as 
farmland within the city walls (Q. Liu 2024).

This study selects four years, 1966, 1992, 2008, and 
2024, as key temporal cross-sections to investigate the 
“fill-and-overflow” expansion process of Zhengding 
since the mid-20th century and the impact of the city 
walls in this process. These selections reflect both 
Zhengding’s urban development and, of course, the 
broader economic and urbanization trends across 
China. Each of these years marks a critical stage:

(1) 1966: This year marks a key point in the early 
urban expansion of Zhengding. It reflects the 
results of the intense post-war recovery and 
early socialist industrialization after the found
ing of the PRC. It is also the last year before the 
complete stagnation of urbanization during the 
decade of the Cultural Revolution (Gao 2005). 
The base map used for 1966 in this paper comes 
from orthophotos in the database of the United 
States Geographic Survey (USGS) (Earth 
Resources Observation and Science (EROS) 
Center). To correct for potential distortion in 
this old data source, necessary georeferencing 
was conducted using QGIS.

(2) 1992: This year reflects the achievements of 
urban construction during the first decade of 
China’s economic reform initiated in 1978. It 
also marks the final year before the Chinese 
society entered the era of rapid economic 
growth and urbanization symbolized by the 
“socialist market economy.” For Zhengding, the 
urban situation in 1992 also reflects construc
tion driven by a tourism boom in the late 1980s. 
The 1992 base map used in this paper comes 
from the “Zhengding Gazetteer 1992” 
(Zhengding gazetteer editorial board 1992). 
Similarly, georeferencing was conducted to 
eliminate any potential distortions.

(3) 2008: This year marks the 30th anniversary of 
China’s economic reform. Additionally, it is also 
the last year before the “Three-Year Makeover”1 

policy accelerated Zhengding’s urbanization. 
The base map used for 2008 comes from the 
orthophotos available on Google Earth (Google 
LLC).

(4) 2024: This is the year of this study. After experien
cing significant development during the “Three- 
Year Makeover” and the urban tourism initiatives 
starting in 2013, Zhengding’s built-up area has 
expanded dramatically once again. The base 
map used for 2024 also comes from the orthopho
tos available on Google Earth (Google LLC).

Using these base maps, this study first maps the built- 
up area of Zhengding in the four selected years in 
AutoCAD and provides a brief statistical analysis of 
the area inside and outside the city walls. When map
ping the built-up area, villages surrounding the city 
walls but not directly connected to the central built- 
up areas were excluded, because they cannot be con
sidered part of the urban built-up area in terms of 
spatial perception and resident activities. Some of 
these villages were later incorporated into the urban 
built-up area during the expansions in 2008 and 2024.

2.2. Space Syntax analysis

Space Syntax, introduced by Hillier and Hanson (1984), 
provides a powerful framework for analyzing spatial 
configurations and their influence on movement pat
terns, accessibility, and socio-economic activity. 
Utilizing tools like axial and segment maps, alongside 
measures such as Integration and Choice, it offers 
quantitative insights into the interplay between spatial 
arrangements and urban dynamics (Bafna 2003; Hillier 
and Hanson 1984). This methodology has been widely 
applied to study the expansion and transformation of 

1In Chinese: “三年大变样”. This is the key word in the policy document “Several Opinions on Accelerating the Urbanization Process,” issued by the Hebei 
Provincial Government on December 10, 2007. This policy aimed to accelerate the urbanization process across the province. In the subsequent years, 
cities in Hebei Province initiated large-scale demolition of old buildings, development of new constructions, and urban expansion.
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historic cities (Atakara and Allahmoradi 2021; Chen  
2022; Mara et al. 2024; Xia et al. 2019).

2.2.1. Syntactic measurements
Space Syntax theory has developed various analysis 
modes and syntactic measurements. This study 
employs both Axial Analysis and Angular Segment 
Analysis modes to examine the spatial configuration 
of Zhengding. Axial Analysis, is the most traditional 
and widely applied analysis mode in Space Syntax 
(Meng and Zhang 2024). It represents the street net
work with axial maps (Hillier and Hanson 1984), where 
the calculation is performed on each axial line. Angular 
Segment Analysis is a relatively new mode that breaks 
the axial lines representing the street network at inter
sections into segments and incorporates segment 
length and angular weighting between segments 
into the calculation (Turner 2004; Ratti 2005). It more 
precisely captures the detailed variations in urban spa
tial structure, and therefore has been increasingly 
adopted in recent research (Meng and Zhang 2024).

Both Axial Analysis and Angular Segment Analysis 
yield various syntactic measurements, each describing 
different urban spatial features. Several measurements 
are selected in this research according to the research 
objectives, as detailed below:

In the Angular Segment Analysis mode:

● Normalized Angular Integration (NAIN): This is the 
normalized value of Angular Integration that 
measures how close each segment is to all others 
based on the sum of angular changes made on 
each route (Hillier and Iida 2005). It indicates the 
potential for “to-movement” within the system. 
The normalized value, NAIN, allows for better 
comparison across different systems (Hillier, 
Yang, and Turner 2012). This study uses global 
(R-n) NAIN to assess the overall accessibility of 
road segments throughout the city, both inside 
and outside the Zhengding city walls, which is 
a commonly approach for analyzing the overall 
structure of a city (Djenaihi et al. 2021; van Nes  
2021a; Şahin Körmeçli 2023).

● Normalized Angular Choice (NACH): This is the 
normalized value of Angular Choice that is calcu
lated by counting the number of times each street 
segment falls on the shortest path between all 
pairs of segments. It indicates the “through- 
movement” potential. The normalization of 
Angular Choice solves its paradox whereby seg
regated designs can yield higher values than inte
grated ones (Hillier and Iida 2005). Consequently, 
NACH is more effective and comparable across 
systems. This study uses global (R-n) NACH to 
examine the importance of road segments in 
terms of road network interconnections in the 
whole city, both inside and outside the city 

walls. Road segments with higher NACH are 
more important for traffic movement within the 
system (van Nes and Yamu 2021).

And, in Axial Analysis mode:

● Axial Synergy (AS): Axial Synergy measures the 
degree to which the internal structure of an area 
relates to the larger-scale system in which it is 
embedded (Hillier 1996). It is defined as the cor
relation between radius-3 and radius-n 
Integration in Axial Analysis. This study uses AS 
to examine whether the built-up areas inside and 
outside the Zhengding city walls are well inte
grated into the overall urban spatial structure. 
The stronger the AS in a given area, the better 
that area is integrated into the city’s overall struc
ture, exhibiting fewer structural distinctions from 
its surroundings (Chakraborty and Dey 2024).

2.2.2. Steps and tools of Space Syntax analysis
The Space Syntax analysis is carried out in two major 
phases: base map preparation and the calculation of 
syntactic measurements. The phases and steps are 
detailed below:

First, base map preparation:

(a) Mapping the street network from basemaps: 
Using AutoCAD, the road axes in the four years 
are mapped from their respective base maps. 
Prior to this, georeferencing is conducted in 
QGIS on the basemaps, particularly those from 
1966 and 1992, to eliminate any potential dis
tortions. Several types of inaccessible roads are 
excluded from the network: pathways that are 
too narrow for vehicular movement; internal 
roads that are not open to the general public; 
lanes within parks or greenways; and roads that 
are not open throughout the day, such as those 
within markets that are only accessible during 
operating hours.

(b) Generating axial and segment maps: The street 
network drawings are then imported into 
depthMapX (an open-source tool originally 
developed by the Space Syntax Laboratory 
from UCL (depthmapX development team  
2020)), where they are converted into axial 
maps and then segment maps that can be 
directly used for Space Syntax calculations.

Second, the calculation of syntactic measurements:

(a) Angular Segment Analysis calculations: In 
depthMapX, the segment maps generated in 
the previous step are used to calculate the 
NACH and NAIN values with the custom attri
bute column function. The results are then 
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represented on the segment maps using a color 
scale.

(b) Axial Analysis calculations: In depthMapX, the 
axial maps generated in the previous step are 
used to calculate the radius-3 and radius-n axial 
Integration values of each axis. The Integration 
value dataset and the axial map are then 
imported into QGIS (an open-source geographi
cal information system tool (QGIS.org 2023)), 
where the data for each year is divided into 
two subsets: one inside the walls and one out
side. Finally, open-source Python libraries 
(Pandas, SciPy, Matplotlib) are used for correla
tion analysis on the divided datasets to calculate 
the AS values of the built-up areas inside and 
outside the walls in each year and present the 
results in scatter plots.

2.2.3. Study areas selected for different 
measurements
This study selects a rectangular study area approxi
mately 7.5 km wide and 8.3 km long (Figure 1), which 
encompasses all built-up areas inside and outside the 
Zhengding city walls in 2024. This area also covers the 
built-up areas in 1966, 1992, and 2008, as these were 
all smaller than the 2024 built-up area.

For analyzing NAIN and NACH, all axial lines or 
segments within the study area are included in the 
calculation. Although the built-up area is much smaller 
than the overall study area, every axial line or segment 
from outside the built-up boundaries influences the 
overall NAIN or NACH values. In the real world, these 
roads indeed affect movement and activities, making it 
necessary to include them in the analysis. Furthermore, 
maintaining the same geographical range ensures 
comparability across the four selected years, which is 
a common practice in similar existing studies (Ge, Hou, 
and Xiao 2023; Y. Li et al. 2016; van Nes 2021b).

When examining AS, only the axial lines within the 
built-up areas (both inside and outside the city walls) 
are included, rather than all axial lines within the afore
mentioned rectangular study area. This aligns with the 
purpose of this measurement. AS is used to analyze the 
relationship between specific areas and the overall city, 
and using this measurement indiscriminately for the 
entire study area or for non-built-up areas is not 
meaningful.

2.3. GIS-based POIs analysis

This study employs Points of Interest (POIs) analysis to 
extend the investigation of the walled city from spatial 
configurations to functional dimensions, specifically 
examining the impact of city walls on the aggregation 
of urban functions and activities. POIs represent 

geographic entities such as schools, shops, and restau
rants, etc., offering precise data on names, coordinates, 
and attributes (M. C. Wang et al. 2021). POIs accurately 
reflect and predict the relationship between human 
activities and urban functions and spatial environ
ments (Zhai et al. 2019). They have been utilized to 
identify functional areas, delineate urban aggrega
tions, and plan tourism routes, highlighting their 
potential in mapping tourist preferences and optimiz
ing facility layouts (Han, Jiao, and Xu 2017; Pop, Coros, 
and Balint 2017; Wu et al. 2014).

Existing studies indicate that NAIN values are corre
lated with the aggregation of urban POIs and related 
daily activities. Streets and roads with high levels of 
“to-movement” potential tend to have retail shops 
located along them (Hillier 1999; Larraz and 
García-Gómez 2020; van Nes 2021b; Y. Xu et al. 2020). 
However, it remains unclear whether this correlation 
persists in the presence of city walls. If not, to what 
extent do city walls distort this correlation between 
urban activities and spatial syntax measurements? 
This study uses POI analysis to address these questions.

Furthermore, as Zhengding continues to expand, 
some newly constructed roads appearing on the 
2024 maps may exhibit high NAIN values, despite the 
absence of POIs along them. POI analysis thus serves as 
a critical validation tool to identify potential mis
matches between syntactic predictions and actual pat
terns of daily activity aggregation.

The POI data in this study was collected from amap. 
com,2 and then visualized as heatmap in QGIS based 
on kernel density estimation. POIs for several types of 
retail stores and restaurants in 2024 were selected as 
the primary focus, as they most directly reflect resi
dents’ everyday activities.

3. Analysis and discussion

3.1. Understanding the general urban expansion

3.1.1. Analysis and results
Figure 3 shows the built-up areas and the city walls in 
the four selected years. Table 1 presents a statistical 
analysis of the built-up area for each year, including 
the respective areas inside and outside the city walls, 
as well as the ratio of the built-up area inside the city 
walls to the total land area within the walls. This figure 
and table clearly demonstrate that the total built-up 
area of Zhengding has continuously expanded over 
the past six decades, increasing from 3.4 km2 in 1966 
by over seven times to 27.9 km2 in 2024. During this 
period, the built-up area inside the walls tripled, and 
the area outside grew over 20 times.

In 1966, following post-war reconstruction and 
initial socialist industrialization, urban expansion inside 

2In Chinese: 高德地图. Amap.com is the most popular web mapping service in mainland China, developed by AutoNavi Software Co., Ltd.
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the city walls was still centered on the main historical 
axes formed by several main roads, but it was far from 
filling the entire enclosure, with a “built-up ratio” of 
only about 30%. Subsequently, during periods of social 

turmoil such as the Great Leap Forward and the 
Cultural Revolution, Zhengding’s expansion almost 
completely stopped, as was the case for many other 
Chinese cities, until the economic reforms that started 

Figure 3. The results of NAIN analysis on Zhengding in 1966, 1992, 2008, and 2024, with the built-up area illustrated with gray in 
the background. Source: the authors, 2024.

Table 1. The built-up areas inside and outside the city walls in Zhengding, and the ratio of the built-up area inside 
the city walls relative to the total land area within the walls.

Year

Inside built-up areas

Outside built-up areas (km2) Total built-up areas (km2)Area (km2) Built-up ratio

1966 2.10 30.4% 1.27 3.37
1992 2.96 43.0% 3.67 6.64
2008 5.59 81.1% 13.34 18.94
2024 6.53 94.7% 21.39 27.93
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at the end of 1978 marked a new phase of urban 
expansion. More than a decade later, by 1992, 
Zhengding’s built-up area had expanded significantly 
compared to 1966. The most significant change was 
the partial demolition of the northern and western 
sections of the city walls, which allowed the built-up 
area within the walls to extensively “overflow” and 
directed the primary directions for subsequent urban 
expansion to the west and north. Following this, the 
rapid economic growth brought by the “socialist mar
ket economy” reforms further accelerated the city’s 
expansion. By 2008, the built-up area inside the walls 
had filled over 80% of the enclosure, while the outside 
built-up area was more than twice the size of that 
inside. In the following decade, urban policies such as 
the “Three-Year Makeover” and the urban tourism 
initiatives continued to drive expansion. By 2024, the 
area outside the walls constituted the majority of the 
city’s total built-up area. However, although the built- 
up area inside the walls in 2024 was more than three 
times its size in 1966, the enclosure was still not com
pletely filled, with a built-up ratio of about 94%, leav
ing some areas vacant or in use as farmland.

In the maps from 1966 and 1992, a dual-center 
pattern is observable in Zhengding’s built-up area, 
with the historical “Big Cross” and “Small Cross” as 
one center and the train station in the northwest out
side the city as the other. Between these two years, the 
expansion inside the city walls mainly occurred along 
several axial roads, with almost no significant growth 
in the four corners. Later, from 1992 to 2008, the north
west corner inside the city walls was gradually filled 
and merged with the areas of growth outside the city 
walls to the west. From 2008 to 2024, the built-up area 
in the northern part outside the city walls saw the most 
significant growth, further driving the overall expan
sion of the city. Meanwhile, the northeast and south
east corners inside the city walls still remain 
undeveloped.

3.1.2 Discussion
Zhengding’s expansion in the late 20th century pre
sents a complete, quantifiable, and diachronic case 
study of the “fill-and-overflow” process. However, 
Zhengding’s “fill-and-overflow” process also exhibits 
distinctive characteristics. While the city walls clearly 
acted as a typical fixation line, the fact that the area 
within this line was never completely filled, even after 
extensive overflows, differs from existing observations 
of fixation lines in other walled cities studied within the 
Conzenian framework, such as Alnwick, Como, 
Pingyao, and Nanjing (M. R. G. Conzen 1960; 
M. P. Conzen, Gu, and Whitehand 2012; Whitehand 
and Gu 2017). The expansion process after 1992 sug
gests that the primary reason for this difference lies in 
the preservation status of the city walls, which were 

breached early on, before large-scale overflow, yet 
were never entirely removed. With the partial demoli
tion of the walls, urban expansion overflowed 
smoothly to the west and north, leaving several cor
ners inside the walls behind. This contrast between 
Zhengding and other cases demonstrates not only 
the constraining effect of the city walls but also the 
potential effects of partially breaking through them. It 
suggests that once urban expansion finds an opportu
nity to overflow through the walls, the constraining 
effect of the remaining sections, particularly those far 
from the breaches, becomes even more pronounced. 
Thus, Zhengding’s city walls, characterized by partial 
demolition, the preservation of other sections, and the 
“overflow before filled” phenomenon, offer a unique 
case study for urban morphology research.

This dynamic is further illustrated by the formation 
and dissolution of the “dual-center” structure, which 
also reflects the constraining effect of the city walls. 
The outside center was initially established around the 
train station, which was built in the 1920s as a hub for 
trade and transportation and attracted numerous 
buildings and facilities. This phenomenon of transport- 
led urban expansion is well-documented in the litera
ture (Bertolini 2008; Long, Zheng, and Song 2018). 
However, the formation of this dual-center structure 
resulted from the physical disconnection between the 
train station and the old city center imposed by the city 
walls. Later, as the walls’ constraints were partially 
removed, the breaches in the wall surpassed the train 
station to become the new and strongest guiding force 
for expansion. Between 1992 and 2008, roads cutting 
through the western and northern walls were 
extended, enhancing their traffic capacity and promot
ing further expansion in these directions, rather than 
centering on the train station. Meanwhile, the railway 
line running west of the city walls became a new “fixa
tion line” constraining urban expansion. Its blocking 
effect was most evident between 2008 and 2024, dur
ing which it noticeably constrained further expansion 
towards the southwest.

In contrast, the eastern half of the city walls 
remained relatively intact and, together with the 
expressway to the east, constrained the city’s eastward 
expansion, resulting in little direct spatial connection 
between the inside and outside. The southeastern and 
northeastern corners inside the walls were most 
affected by this constraining and disconnecting 
impact. The northeastern corner, isolated by the city 
walls and far from major tourist attractions, remained 
farmland until 2024. In the southeastern corner, 
although there was some expansion between 2008 
and 2024, it was mainly driven by the policy agendas 
of tourism development, as this area contains key 
historical sites along Yanzhao Avenue and Zhongshan 
Road. Consequently, the southeastern corner was 
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mainly transformed into large parks, greenways, and 
recreational facilities serving tourists rather than being 
developed into buildings.

3.2. Syntactic measurements in and out of the city 
walls

3.2.1. Analysis and results on NAIN and NACH
Figure 3 shows the results of the NAIN analysis for 
Zhengding. Notably, in 1966, segments in the northern 
part inside the city walls generally had higher 
Integration values than those in the southern part. 
Outside the city walls, the roads connecting the train 
station to the area inside the walls, along with the 
north-south national road in front of the train station, 
constituted a second center of high Integration. This 
outside center corresponds to the previously men
tioned dual-center pattern of the built-up area. By 
1992, the northward extension of Yanzhao Avenue 
gave it Integration values surpassing most other seg
ments. As a result, the east-west roads crossing the city 
walls and intersecting this north-south axis also saw 
significant increases in their Integration values. At the 
same time, the Integration values of the roads outside 
the city walls and connecting the train station experi
enced a noticeable decline.

By 2008, the center of Integration had shifted 
further west and north, primarily due to the signifi
cant extension of Hengshan Road and the subse
quent increase in its Integration value, which 
strengthened the connection between the areas 
inside and outside the walls. Meanwhile, Hengzhou 
Street, newly built in the western area inside the city 
walls, connected several east-west roads and also 
exhibited high Integration values. By 2024, the cen
ter of urban Integration had shifted even further 
north, primarily due to the continued improvement 
of the road network in the northern part outside the 
city walls, enhancing overall spatial connectivity. At 
the same time, the Integration value of National 
Highway 107 to the west outside the city walls, 
which connects two highly integrated east-west 
axes, saw a significant increase.

Figure 4 shows the results of the NACH analysis. In 
1966, Yanzhao Avenue and Fuxi Street had very high 
Choice values, because they together formed the route 
connecting the two centers of the built-up area at the 
time, namely the train station and the “Big Cross”. 
Additionally, National Highway 107, running parallel 
to the railway on the west outside the city walls, also 
exhibited very high Choice values. Overall, a dual- 
center pattern was observed, similar to that found in 
the NAIN and the built-up area analyses. By 1992, the 
“Big Cross” became the only noticeable core of Choice, 
and the roads connecting to the four city gates from 
here had noticeably higher Choice values than other 

roads, while the Choice values around the train station 
dropped significantly.

From 1992 to 2008, the center of Choice shifted 
north. This shift was primarily caused by the substan
tial extension of Hengshan Road, which became a new 
high-Choice axis. Meanwhile, the Choice values of the 
roads near the train station continued to decline. From 
2008 to 2024, the center of Choice shifted further north 
as the Choice values of the road network in the north
ern part outside the city walls increased. Moreover, the 
Choice values of the roads in the south outside the city 
walls rose significantly due to new tourism-driven 
development.

3.2.2. Discussion on NAIN and NACH
NAIN (Normalized Angular Integration) and NACH 
(Normalized Angular Choice) are key measurements 
used to describe the accessibility and permeability of 
each segment in urban networks. Higher Integration 
values normally indicate that the area is more accessi
ble and central to the city; higher Choice values indi
cate that the segment is a major route carrying more 
traffic flow (van Nes and Yamu 2021). The normalized 
Integration and Choice values are suitable for compar
isons across different years (Ge, Hou, and Xiao 2023).

In 1966 and 1992, both NAIN and NACH analyses 
revealed a distinct dual-center structure, which, as pre
viously discussed, was a clear manifestation of the city 
walls’ disconnecting effect. In 1966, when the city walls 
were intact, the results showed two separate centers of 
high NAIN and NACH inside and outside the walls. The 
outside center, namely the train station area, stood out 
in the entire spatial structure at that time. This promi
nence stemmed from the constraining and disconnect
ing impact of the intact city walls, which rendered the 
area near the train station syntactically more accessible 
and convenient for traffic compared to the roads inside 
the city.

However, after 1992, the overall patterns of NAIN 
and NACH became significantly more dispersed. The 
structure shifted from distinct, cluster-like centers to 
a configuration centered on several linear arteries that 
breached the walls and connected the inside and out
side. Notably, major roads that were newly extended 
after the partial demolition of the northern and wes
tern walls exhibited the highest NAIN and NACH values 
in the entire urban network, such as Yanzhao Avenue 
extended north by 1992 and Hengshan Road extended 
to connect the east and west by 2008. This dramatic 
transition from a structure defined by the walls’ con
straint to one defined by breaches in the walls high
lights both the walls’ initial constraining power and the 
profound impact of breaching them.

This contrast between constraint and breach is 
further evident in the disparity between the eastern 
and western halves inside the walls: NAIN and NACH 
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values in the western half are notably higher than 
those in the east. This disparity can be attributed to 
the greater number of openings in the western semi
circle of the city walls, where many sections were 
demolished or collapsed. In contrast, the eastern 
half of the city walls remained largely intact with 
fewer openings, resulting in weaker connections 
between the inside and outside. Particularly, the 
southeast and northeast corners have consistently 
been the “lowlands” in terms of NAIN and NACH 
values, manifesting the persistent constraining and 
disconnecting impact of the walls in those locations. 

Nevertheless, the western half also manifests the 
constraining effect of the city walls in its corners 
despite the overall higher NAIN and NACH values. 
The NAIN values in the northwestern corner are rela
tively high, but its NACH values are lower than the 
neighboring areas, indicating that while the area is 
accessible, it experiences less through-traffic as 
a result of the relatively intact city walls at this 
corner.

The significant decline of the train station’s central
ity was a direct consequence of this structural shift. By 
1992, as parts of the western and northern city walls 

Figure 4. The results of NACH analysis on Zhengding in 1966, 1992, 2008, and 2024, with the built-up area illustrated with gray in 
the background. Source: the authors, 2024.
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were demolished and multiple roads were extended 
through them, the connection between the inside and 
outside was greatly strengthened. As a result, the syn
tactic core of the city, in terms of both NAIN and NACH, 
shifted back inside the city walls, surpassing the syn
tactic advantages of the area around the train station.

Beyond these historical shifts, the formation of 
a new NAIN and NACH “hollow” near the South Gate 
between 2008 and 2024 demonstrates a new and more 
complex impact of the walls when they are intertwined 
with tourism-oriented policies. Tourism development 
projects, which centered on the South Gate as a hub 
for tourist attractions, reorganized the traffic flow 
around it, leading to a series of changes. On the one 
hand, the NAIN values decreased in the immediate 
vicinity of the gate, which would seemingly hinder 
tourist accessibility. On the other hand, the NACH 
values rose significantly in the roads approaching the 
South Gate area from outside the walls and along the 
southern section of Yanzhao Avenue, indicating their 
crucial role as corridors for channeling tourists to the 
periphery of the area. The corresponding decrease in 
NACH values within the area indicates a reduction in 
through-traffic within the gate area. All these changes 
suggest that the South Gate area is becoming an inde
pendent urban unit segregated from the surrounding 
city context: tourists can easily reach its periphery, 
while circulation within it operates as a self-contained 
system. This finding corroborates previous research on 
the impact of tourism development on Zhengding’s 
urban structure (Q. Liu and Pezzetti 2022a, 2022b). 
Here, the roles of the city walls and the gate have 
transformed significantly. They are no longer 
a constraining factor but have become the core ele
ment of a touristic “city-within-a-city”, which, together 
with tourism policies, exerts a new and complex 
impact on the surrounding urban area.

3.2.3. Analysis and results on AS
AS (Axial Synergy) is measured by the correlation 
between the local and global Integration of a specific 
urban area, typically quantified using the coefficient of 
determination R2 (Hillier 1996). This measurement 
describes how well a given area is integrated into and 
synergizes with the overall spatial structure of the city. 
Specifically, an R2 value lower than 0.5 indicates poor 
synergy, and a value greater than 0.7 suggests strong 
synergy between the area in question and the city’s 
overall spatial structure (X. Li et al. 2017; Lyu et al. 2023).

This study calculates the Axial Synergy of the built- 
up areas inside and outside the city walls respectively, 
and their changes over the four years, which are illu
strated in Figure 5 and Table 2. These figures show that 
the R2 of the built-up area inside the city walls has 
consistently remained relatively high between 0.5 
and 0.7, indicating that the built-up area inside the 
city walls has maintained a good Synergy with the 

overall built-up area. This suggests that the built-up 
area inside the city walls has been a well-integrated 
unit in the spatial structure, and decades of urban 
growth did not alter this status. Nevertheless, from 
2008 to 2024, the inside R2 value slightly decreased, 
suggesting that the intense expansion of the built-up 
area outside the walls may lead to a potential fragmen
tation between the inner and outer city areas in the 
future, although this tendency requires further 
observation.

In contrast, the R2 value of the built-up area outside 
the city walls was only 0.074 in 1966, showing an 
extremely poor synergy. This indicates that the outside 
built-up area was almost an independent spatial unit, 
not well-integrated into the overall spatial structure. 
Between 1966 and 1992, the outside R2 value rapidly 
rose above 0.5, signifying that the outside built-up area 
started to synergize with the overall spatial structure of 
the city. Since then, the outside R2 value has continued 
to increase, but at a much slower rate.

3.2.4. Discussion on AS
The trend of Axial Synergy (AS) in Zhengding, both 
inside and outside the city walls, contrasts with find
ings from existing research. Previous studies have 
found that, as city size increases, the urban network 
tends to get more fragmented and the relationship 
between local areas and the global structure become 
less synergistic, leading to a decrease in the overall AS 
(Dalton 2011; Huang, Shi, et al. 2025). In Zhengding, 
however, the AS values for areas both inside and out
side the walls increased significantly between 1966 
and 2008, particularly for the outside area. This indi
cates that as Zhengding expanded, the relationship 
between its local parts and the overall urban structure 
became more, not less, coordinated. This unique trend 
is a key finding of this study.

The city walls played a crucial role in this unique 
process. The dramatic increase in AS for the built-up 
area outside the walls can be explained by a process of 
consolidation. In 1966, the outside built-up area was 
only a few scattered patches near the North Gate and 
the train station, with no clear morphological or func
tional connection among them, resulting in a naturally 
low AS value (R2). By 1992 and 2008, following the 
breaching of the walls, the expanding built-up area 
increased substantially and became interconnected, 
gradually forming a cohesive area and leading to 
a significant rise in AS. Finally, by 2024, the built-up 
areas outside the walls have consolidated into 
a complete urban district that surrounds the walled 
historic core, comprising the majority of the city’s area 
and featuring a well-connected internal structure and 
an AS level almost equal to that of the area inside the 
walls. However, it is worth noting that the growth rate 
of AS outside the walls significantly slowed after 2008, 
indicating a future trend consistent with existing 
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research, where AS decreases as the city continues to 
expand.

For the built-up area inside the walls, the consis
tently high AS can be attributed to the dual role of the 
city walls. From 1966 to 2008, although the inside 
built-up area expanded and its network became 

more complex, its growth did not become uncon
trolled or fragmented, thanks to the constraining effect 
of the walls and the anchoring role of the historical 
urban axes. Instead, its gradual expansion maintained 
adequate internal connectivity and coherence, which 
explains the slight increase in its AS during this period. 
This unique process clearly demonstrates that the city 
walls function not only as a constraint on urban expan
sion but also as a “stabilizer” for the core area’s mor
phological evolution in this walled city.

However, this increasing trend for the inner area 
showed a slight reversal between 2008 and 2024, 
which can be linked to the changes in the South Gate 
area due to tourism development, as discussed in 
Section 3.2.2. The formation of a relatively independent 

Figure 5. Scatter plots and regression analysis between radius-3 and radius-n Integration values of Zhengding across different 
years. Source: the authors, 2024.

Table 2. Axial Synergy (R2 values) for Zhengding across differ
ent years. Source: the authors, 2024.

Year

Axial Synergy (R2)

Inside Outside

1966 0.592 0.074
1992 0.654 0.510
2008 0.699 0.611
2024 0.670 0.659
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touristic “city-within-a-city” around the South Gate 
inevitably led to a decrease in the overall AS of the 
inner urban area compared to previous decades. This 
phenomenon that shifts in urban economic policy and 
new tourism-related developments lead to structural 
fragmentation deserves careful attention from planners 
and local policymakers.

3.3. Impact of city walls on the aggregation of 
POIs

3.3.1. Results
This study selects several types of retail and restaurant 
POIs, including supermarkets, convenience stores, per
sonal care stores, Chinese restaurants, fast food restau
rants, cold drink shops, and pastry shops. These POIs 
are closely related to residents’ daily activities and are 
highly sensitive to spatial accessibility. The collected 

POI data was imported into QGIS to visualize their 
aggregation as a heatmap based on kernel density 
estimation.

The heatmap reveals several aggregation cores, 
which are defined as contiguous areas with 
a density of at least 50% of the maximum value 
and are labeled A-H and J in Figure 6. Inside the 
city walls, a large number of POIs are located along 
Yanzhao Avenue, especially in its mid-to-north sec
tions (core C) and near the “Big Cross” (core D). Fuxi 
Street and Hengzhou Street form two relatively 
minor aggregation areas (core A and core B). 
Outside the walls, two significant aggregation 
cores are observed along the northern section of 
Chengde Street (core G and H).

The NAIN values of street segments associated 
with these cores are listed in Tables 3 and 4. Major 
aggregation cores, including A-D, G, H, and J, are 
located in areas with relatively high NAIN values. In 
contrast, areas with low NAIN values exhibit POI 
hollows, such as in the northwest and southeast 
corners inside the walls.

However, the POI aggregation did not present 
a universal correlation with NAIN values. There are 
several interesting exceptions worth noting in the 
heatmap: First, not all road segments with high NAIN 
values attract POI aggregation, especially along the 
extended northern section of Yanzhao Avenue and 
the western section of Hengshan Road. Second, the 
aggregation of POIs is more closely related to long
itudinal roads. For instance, Changshan Road and 
Hengshan Road have relatively high NAIN values, but 
there are no significant aggregation cores observed 
along them. Third, there are small aggregation cores 
near the eastern city gate inside the city walls (core E), 
and inside the south city gate (core F), even though 
these locations have relatively low NAIN values.

3.3.2. Discussion
As stated in the methodology section, the goal of the 
POI analysis in this paper is to complement the Space 
Syntax analysis, observing whether the city walls 

Figure 6. Heatmap of commercial POIs in the study area, 
overlaid with the 2024 NAIN map. Source: the authors, 2024.

Table 3. NAIN values related to the POI aggregation cores inside the city walls. Source: the authors, 2024.

NAIN Inside the city walls overall

Aggregation cores inside the city walls

Core A Core B Core C Core D Core E Core F

Maximum 1.552 1.331 1.374 1.516 1.494 1.115 1.007
Minimum 0.470 1.005 1.094 0.470 0.763 0.656 0.820
Mean 1.058 1.219 1.187 1.098 1.208 0.883 0.945

Table 4. NAIN values related to the poi aggregation cores outside the city walls. Source: the 
authors, 2024.

NAIN Outside the walls overall

Aggregation cores outside the walls

Core G Core H Core J

Maximum 1.552 1.323 1.549 1.131
Minimum 0.433 1.035 1.098 1.131
Mean 1.016 1.227 1.261 1.131
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impact the positive correlation between syntactic mea
surements (mainly NAIN) and POI aggregation, 
a phenomenon widely found in existing research 
(Han, Jiao, and Xu 2017; M. C. Wang et al. 2021, 
Colaço and Abreu e Silva 2022; Mara et al. 2024). The 
aggregation cores observed in Zhengding are mostly 
connected to locations with high NAIN values, which is 
in line with existing research findings. However, the 
results also indicate several unexpected exceptions.

First, not all street segments with high NAIN values 
have POIs aggregated around them, especially those 
outside the city walls. The reason for this non- 
correlation is multifaceted. It can be attributed to the 
“time-lag” of changes in commercial activity compared 
to those in spatial structure. Although newly extended 
roads possess high NAIN and NACH values due to their 
strong spatial connectivity, such as the northern sec
tion of Yanzhao Avenue and the western section of 
Hengshan Road, their adjacent land has not yet been 
developed sufficiently to form aggregations of com
mercial activity.

The sparse distribution of POIs around National 
Highway 107 outside the walls is also noteworthy. 
Based on existing research findings, an aggregation 
core beyond the west city walls is expected along 
this highway, which has the highest NAIN values in 
the area. However, several factors make it an unsuita
ble site for commercial development: its proximity to 
the railway leaves little space for construction, and as 
a national-level traffic artery, it primarily serves high- 
speed regional traffic. Consequently, commercial 
development outside the city walls has aggregated 
towards Chengde Street, which, despite having only 
moderate NAIN values, possesses a more suitable 
urban context for commercial activities.

The second unexpected phenomenon is the overall 
pattern that POIs are more aggregated along longitu
dinal avenues than latitudinal ones. This phenomenon 
aligns with the city’s overall development direction 
and the constraining impact of the city walls. First, 
the walled city’s outline is longer in the north-south 
direction and narrower in the east-west direction. 
Second, the openings in the northern wall and the 
strong connection through the main avenues have 
provided more opportunities for the city to develop 
northward. The distribution of POIs, along with the 
NAIN and NACH patterns, suggests that in the current 
spatial structure of Zhengding, north-south movement 
is more critical than east-west movement. More impor
tantly, this phenomenon manifests the new constraints 
of the railway on the west, the expressway on the east, 
and the river on the south, making the north the ideal 
direction for the city’s future expansion.

Third, some unexpected POI aggregations inside 
the walls reflect Zhengding’s increasing focus on tour
ism, a policy direction that is likely to persist in the 
foreseeable future. The minor POI aggregation cores in 

low-NAIN areas in the eastern and southern parts of 
the city are the results of tourism development (core 
E and F). The city’s tourist attractions are mostly 
located inside the city walls, particularly along the 
southern section of Yanzhao Avenue and near the 
East Gate. Consequently, numerous commercial and 
dining establishments serving tourists have formed 
additional POI cores here. These areas, however, 
experience less daily activity involving local residents 
due to the constraining and disconnecting impact of 
the city walls. This situation, where POI aggregation is 
driven mainly by tourism, may lead to segregation 
between residents and tourists and the over- 
commercialization of built heritage, potentially jeopar
dizing the sustainable development of the industry.

All the aforementioned unexpected POI distribu
tions that deviate from syntactic values demonstrate 
a methodological implication: although Space Syntax 
can accurately measure the physical connectivity of 
street spaces, the actual distribution of urban functions 
and activities is influenced by a multitude of factors. 
Top-down policy initiatives, the specific urban context 
of a street, and the distribution of other infrastructure 
can all impact the distribution of commercial and other 
urban functions. In a small but constantly expanding 
city like Zhengding, these factors can sometimes exert 
a more immediate and stronger influence than spatial 
configuration. This finding not only reveals the limita
tions of the Space Syntax method when used in isola
tion but also highlights the important complementary 
and validating role of POI analysis in this study.

4. Conclusion

This study employed a quantitative and diachronic 
approach that combines Space Syntax with POI analy
sis, to examine the dynamic impact of the city walls on 
Zhengding’s “fill-and-overflow” expansion in the late 
20th century. The findings reveal that the city wall is 
a dynamic urban element whose impact evolves and 
interacts with other urban forces. In addition to acting 
as a simple physical constraint, the city walls in 
Zhengding and their breaches have also functioned 
as a “stabilizer” preserving internal coherence, a force 
guiding new expansion, and a “catalyst” for contem
porary, policy-driven development.

The key findings of this study, and their underlying 
causes, can be synthesized as follows:

● First, Zhengding presents a unique “overflow 
before filled” model, where large-scale overflow 
expansion occurred long before the enclosed 
area within the walls was completely filled, 
a phenomenon driven by the early and partial 
demolition of the western and northern walls. 
These breaches created high-potential corridors 
for development, guiding urban expansion 
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outwards while leaving behind the inner corners 
constrained by the walls.

● Second, contrary to existing research, the city’s 
Axial Synergy increased as it expanded, both 
inside and outside the city walls. The underlying 
cause of this result, particularly within the city 
walls, reveals the walls’ previously underappre
ciated role as a morphological “stabilizer”. By con
taining the expansion of the inside built-up area 
inside the walls, the walls prevented fragmented 
sprawl and preserved its internal spatial 
coherence.

● Finally, the walls’ impact is highly differentiated 
and dynamic. This is demonstrated by the city’s 
changing syntactic structure and the differing 
patterns of correlation between accessibility 
(NAIN) and commercial activity (POIs) inside and 
outside the walls, revealing that the walls’ impact 
is contingent on their physical integrity and their 
complex interplay with top-down planning poli
cies and new economic forces like tourism.

Theoretically, this research enriches the Conzenian 
approach of the “fixation line” by providing a unique 
case of partial breach and “overflow before filled”. It 
also contributes the “stabilizer” concept as a new per
spective on the function of historic physical bound
aries. Methodologically, the proposed framework, 
combining Space Syntax with map and POI analysis, 
offers a more precise way to investigate the spatial 
structure of historic cities with physical boundaries. It 
extends traditional urban morphology studies that pri
marily rely on graphical and descriptive analysis and 
complements the limitations of Space Syntax when 
used in isolation.

The findings also offer several key policy implica
tions. First, cities with preserved historical city walls 
should fully consider the constraining and disconnect
ing effects of the walls. Rigidly preserving walls may 
lead to spatial disconnection, while uncontrolled 
breaches may lead to uncontrolled urban sprawl and 
fragmentation for decades. Planners must be highly 
strategic about preserving or creating openings in 
historic walls, to balance heritage protection with con
temporary connectivity needs. Furthermore, this study 
highlights the risks of development models that treat 
the walls solely as a tourism resource, as this can lead 
to the formation of isolated urban units, creating seg
regation between tourists and residents and poten
tially undermining urban vitality and sustainability.

The methodological framework and policy insights 
from this study can also be applied to cities facing 
other forms of spatial constraints imposed by physical 
boundaries, such as topographical barriers, rivers, or 
major transportation infrastructure. Particularly, in 
small cities like Zhengding, such constraints can sig
nificantly influence spatial configuration and the 

distribution of urban functions. The framework pro
posed in this study may therefore serve as a useful 
tool for identifying the impacts of these constraints 
and informing urban planners and policymakers.

Although this study provides valuable insights, it 
does have limitations. First, as a single case study, its 
findings are specific to Zhengding and may be influ
enced by local factors. Second, our POI analysis 
relies on data from a single year, 2024. While this 
provides a valuable contemporary snapshot of urban 
functions and commercial activities, it does not cap
ture their historical evolution, which may not fully 
align with the long-term development of the city’s 
spatial structure. Therefore, future research could 
expand the application of this framework to 
a broader range of small historical cities to test the 
generalizability of these findings. A particular direc
tion for future work would be a longitudinal study of 
the emerging “Zhengding New District” to the east, 
which is excluded from this study’s area because it is 
still in construction. It would be valuable to analyze 
how this large-scale top-down planned develop
ment interacts with the historical urban structure. 
Additionally, it would be beneficial to combine 
socio-economic data (e.g., land value, demo
graphics) with GIS and qualitative methods to dee
pen the understanding of the impact of city walls on 
the economic and social development of historic 
cities, ultimately promoting their sustainable 
development.
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