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ABSTRACT  

Heritage conservation is an important topic in China. Due to the country’s extensive history, vast and 
diverse territory Chinese historic towns have evolved with unique geometric, cultural, social, and 
spatial differences. More recently, new sites such as Kulangsu were added to the World Heritage 
(WH) list, which has accelerated the demand by local governments across China to add their own sites 
to the WH list. However, in this process conflicts can occur often due to poorly managed heritage 
tourism development, which in some cases impacts upon the original and intended spatial properties 
of historic towns. In addition, the criteria by which historic towns in China are identified and valued, 
in terms of their unique spatial patterns, has not been extensively discussed or analysed in academic 
literature. Therefore, it is an urgent necessity to explore the innate spatial patterns of Chinese historic 
towns, providing evidence-based guidelines on heritage conservation, especially regarding various 
spatial properties. In this paper, four typical Chinese historic towns are selected to capture their 
similarities and differences, each of which reflects a typical set of spatial properties. These cases are 
the Ancient City of Pingyao (WH site, 1997), Old Town of Lijiang (WH site, 1997), Kulangsu (WH 
site, 2017), and Wuzhen Waterfront Town (tentative WH list, 2008). Five spatial features – axiality, 
curvature, intelligibility, synergy, and organic spatial layout – are examined and evaluated at both an 
overall (of the entire town) and a smaller (of specific areas) scale. A set of space syntax techniques are 
selected as mathematical means for analysing spatial configuration and its connection to social effects 
on historic towns. The results of space syntax analyses of various properties are then mapped on a 
computational model to reveal and compare their spatial patterns. This model interprets the spatial 
relationships among these heritage towns in a mathematical sense and will be further associated with 
their functional patterns from a heritage tourism perspective. This paper demonstrates that the 
computational model can provide an insightful evidence-based approach to optimising heritage 
conservation in Chinese historic town.                     
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1. INTRODUCTION  

Heritage conservation is an ongoing topic among international researchers. With the announcement of 
several key international charters, such as the Venice Charter and the Washington Charter, increasing 
attention has been drawn, shifted from individual monuments to urban areas (ICOMOS 1964; 1987). 
Historic town conservation is addressed in terms of the authenticity and identity of these towns that 
were formed in the past are integral to contemporary life and will be passed onto future generations 
(Wang et al. 2015). Therefore, the conservation and regeneration of historic towns is an important 
topic in the modern context. 

China, with a long history, has more than 2000 historic towns (Wang et al. 1999). With different 
spatial layouts and characteristics, these historic towns reflect a brilliant Chinese history and culture 
and thus show high values for conservation (Ruan 1993). Different spatial layouts have shaped 
various spatial patterns. For instance, a typical Chinese city built by the Han people, the largest ethnic 
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group of China, is often characterised by urban and architectural forms such as walled enclosures, 
orthogonal spatial layouts, and an ordinal spatial hierarchy (Gu 2001; Whitehand & Gu 2006; Wu 
1986). This spatial pattern represents the building ideology of the ancient Chinese, called an ‘ideal 
city’. In contrast, other spatial patterns represent different geometric, cultural and social 
characteristics. To analyse and protect the spatial patterns of Chinese historic towns is one of the 
aspects of historic town conservation in China. 

More recently, heritage tourism is proposed as the way to conserve historic towns. This is partly 
because heritage tourism can boost the economic development of historic towns and can be beneficial 
for educating communities and influencing policies through efficient management (ICOMOS 1999; Li 
et al. 2008). In China, the trend is also apparent. One of the efforts by the Chinese government is to 
inscribe historic towns to the World Heritage (WH) list, which increases public awareness of heritage 
significance on the one hand and promotes heritage tourism through the WH title on the other hand. 
However, in this process conflicts can occur due to poorly managed heritage tourism development, 
which in some cases impacts upon the original and intended spatial properties of historic towns. 
Negative impact appears in some historic towns such as traffic pressures, functional changes, spatial 
segregation and the loss of authenticity (Engelhardt & Rogers 2009; Galdini 2007; Orbaşli 2000; 
Wang 2012; Xie & Gu 2011; Yang et al. 2014). Moreover, the criteria by which historic towns in 
China are identified and valued, in terms of their unique spatial patterns, have not been extensively 
discussed or analysed in academic literature. Therefore, it is an urgent necessity to explore the innate 
spatial patterns of Chinese historic towns, providing evidence-based guidelines on heritage 
conservation, especially on various spatial properties. 

In this paper, a quantitative approach is used to discover the spatial properties of Chinese historic 
towns. Space syntax is one of the powerful techniques to analyse spatial configuration quantitatively. 
Initially proposed by Hillier and Hanson in their publication The social logic of Space (Hillier & 
Hanson 1984), space syntax has been developed for over 30 years. With normalised measures, for 
instance, integration HH and Normalised Angular Choice (NACH), it makes the comparison of spatial 
configuration among different cities possible. Space syntax shows advantages in analysing spatial 
patterns of urban spaces through mathematical means. A large number of  papers have thus used these 
evidence-based approaches to analysing spatial patterns of cities/towns in different contexts,  such as 
England and Iran (Karimi 2000; Karimi & Vaughan 2014), Turkey (Asami et al. 2001), and Israel 
(Omer & Zafrir-Reuven 2015). This paper extends such applications to the Chinese context 
addressing the spatial patterns of Chinese heritage towns.  

To discover the spatial patterns of Chinese historic towns, comprehensive spatial patterns need to be 
considered. Five measures are examined in this research: axiality, curvature, intelligibility, synergy, 
and organic spatial layout. Three measures, axiality, curvature, and organic spatial layout, are used to 
represent the ‘ideal city’ pattern of Chinese cities, which is expected to be more axial, less curved, and 
less organic. Two measures, intelligibility and synergy, are from space syntax terminology describing 
the relationship between the parts and the whole, which can be used for directing design and planning.  

Four cases: Pingyao (WH site, 1997), Lijiang (WH site, 1997), Kulangsu (WH site, 2017), and 
Wuzhen (tentative WH list, 2008) are selected to conduct computational analyses, and each of them 
represents a typical spatial type of Chinese historic towns. Among them, Pingyao is a typical town 
built by the Han people with clear axiality, used for interpreting the ‘ideal city’ pattern. Lijiang is 
mainly built by a minority ethnic group called Naxi showing a different ideology. Kulangsu is under 
the influence of modern development where a curved street pattern is visible. Wuzhen is one of the 
representative waterfront towns in China in which organic elements are addressed. The patterns of the 
four towns are discussed and compared in which a formal mathematical model is used to describe 
their relationships between each other. Finally, this paper demonstrates that the computational model 
can provide an insightful evidence-based approach to understanding and evaluating heritage 
conservation in Chinese historic town. 

2. REVIEW OF CHINESE HISTORIC TOWNS
Heritage conservation is an important topic in China. Since 1985 when China joined the Convention 
Concerning the Protection of the World Cultural and Natural Heritage, the significance of protecting 
heritage has been largely emphasised. One part of the endeavours by the Chinese government is to 
inscribe heritage sites to the World Heritage (WH) list. When Kulangsu was added to the WH list in 
2017, China so far has 53 heritage properties, 36 of which are cultural properties, 13 of which are 
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natural properties, and 4 of which are mixed properties (WHC 2018). Among the cultural properties, a 
few are human settlements, such as the Ancient City of Pingyao, Old Town of Lijiang, Kulangsu, and 
Xidi and Hongcun Ancient Village.  

In addition to paying attention to the WH applications, China puts forward the proposal of protecting 
the national famous historical and cultural cities, towns and villages. In 1982, 24 were firstly 
announced on the protection list including Beijing, Suzhou, and Xi’an. Since then, a second and third 
list was published in 1986 and 1994 with 38 and 37 cities announced, respectively. By 2018, there are 
134 national famous historical and cultural cities, towns and villages in China (see the Wikipedia on 
“国家历史文化名城”). In 2008, Regulations on Protecting Famous Historical and Cultural Cities, 
Towns and Villages (Lishi wenhua mingcheng baohu tiaoli) were enacted to further protect these 
heritage sites. Through this process, the Chinese government aim to enhance the values of historic 
towns and increase public awareness of historic town conservation significance. 

Although increasing attention has been drawn to historic town conservation, it is nevertheless a broad 
and complex topic consisting of a wide spectrum of areas such as social, cultural, historical, spatial 
and geometric perspectives. In addition, the uncontrolled heritage tourism development has severely 
impacted upon many heritage towns in China (Li et al. 2008). The intention of the paper is to focus 
the scope of research to the spatial properties where their role in heritage conservation was highlighted 
by Engelhardt & Rogers (2009) in the Hoi An Protocols, which states:  “Detailed documentation of 
urban morphology is a fundamental task. It must include recording and analysis of both the area’s 
physical structure and its patterns of use, taking special care to distinguish both the palimpsest of 
historical patterns which make it significant and the current pattern”. 

Spatial patterns of Chinese historic towns have shown their unique characteristics since in the ancient 
time. The spatial layouts of Chinese historic towns often incorporate patterns that reflect the 
philosophical and ideological characteristics of previous cultural groups who lived on the site and 
their cultural traditions. The accord of heaven and man (tianrenheyi) and geomantic principles and 
ideas (fengshui) have long influenced the planning and design of traditional urban forms and the 
organisation of architectural space in China. The first known Chinese urban planning publication The 
Craftsmen's Record (kaogongji, ca. 475 - 221 B.C.E), describes the spatial and functional design for 
an ‘ideal city’. The ‘ideal city’ includes several noticeable features such as a walled enclosure, 
axiality, orientation, arteries, and hierarchy of the spatial layout (Gu 2001; Wu 1986). The Book of 
Master Guan (guanzi, ca. 500 - 100 B.C.E) extends the principles introduced in The Craftsmen's 
Record by responding to the specificity of a site and determining a city’s size based on its unique 
characteristics (Wu 1986).  

However, not all Chinese cities follow the ‘ideal city’ pattern. Different types of Chinese towns can 
display different spatial patterns reflecting their geometric, cultural, social, and historical 
characteristics. Wang et al. (1999) categorise Chinese cities into seven types: ancient capital, 
traditional city, scenic spot, local ethnic culture, modern historical spot, special functionality, and 
general historical spot. Different types of Chinese cities have therefore displayed different spatial 
patterns reflecting their own characteristics. For example, the spatial layouts of historic towns in 
northern China are different from those in the south. The urban planning of the ancient Chinese 
capital Beijing contains a 7.8 km long axis through the Forbidden City. It describes within its streets 
and buildings a strict spatial order that represents its imperial authority as a capital city during the 
Ming until the end of the Qing dynasties (1420 - 1912).  While in the south of China, there are 
numerous waterfront towns which are organised around river delta systems such as in the Pearl River 
Delta region of Guangzhou. Unlike the Forbidden City, these traditional settlements are more organic, 
with free-flowing curved streets that respond to the undulating topography. The typical spatial 
properties of the waterfront towns along the Yangtze River can be described as “bridges, rivers and 
dwellings (xiaoqiao, liushui, renjia)” (Zhang 2002). In addition, although some ethnic minority 
groups follow the building ideology of the northern Han people, their towns can have their own 
unique characteristics, including a number of them that are also influenced by modern development.  

3. METHODOLOGY 
In space syntax research, spatial configuration plays a crucial role in predicting important urban 
factors such as the pedestrian flow (Hillier et al. 1993), retail distribution (Omer & Goldblatt 2015), 
and crime rate (Van Nes et al. 2013). Consistent with the mainstream of space syntax research, a 
number of space syntax studies of the Chinese context focus on street centrality using closeness and 
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betweenness (Lin et al. 2018; Xiao et al. 2017), spatial transformation (Yang 2004), and identify the 
relationship between typology/morphology and others, such as block density (Ye et al. 2018), accident 
prevention (Guo et al. 2017), function (Shen & Karimi 2016; Yang et al. 2015), and tourist space (Li 
et al. 2016).  

Although a number of domestic Masters research theses explore the spatial configuration of Chinese 
historic towns such as Fenghuang Ancient Town and the Old Town of Lijiang, there nevertheless 
lacks a systematic approach to understanding the overall spatial pattern in which many formal spatial 
properties have not been formally categorised and quantitatively analysed. Moreover, by building a 
systematic model that interprets the spatial characteristics of towns in a mathematical manner, it has 
the potential to formalise the methodological approach that can be applied to other cases in the 
broader Chinese context.  

3.1 Mapping the spatial properties 

Five spatial features are examined in this research and discussed below: axiality, curvature, 
intelligibility, synergy, and organic spatial layout. Among them, axiality focuses on the grids of a 
street network while curvature describes the curviness of streets. In contrast, organic spatial layout 
focuses on the overall geometric elements. These three measures are used to summarise the ‘ideal 
city’ pattern. In other words, an ‘ideal city’ is expected to be more axial, less curved, and less organic. 
The latter two measures, intelligibility and synergy, are derived from space syntax terminology; 
describing the relationship shared between the parts and the whole, which can also be used for 
design/planning of urban settlements. 

(1) Axiality 

Axiality is a typical spatial property in ancient Chinese towns influenced by the Han people building 
ideology. Pingyao, Xi’an, and Beijing possess an orthogonal street pattern with a rectangular shape. 
Hillier & Hanson (1984) used the term grid axiality to describe this spatial feature with the following 
formula: 

GA = (2I1/2+2)/L 

Where I represents the number of islands and L represents the number of axial lines in the street 
network A. The result is a value between 0 and 1 with which closer to 1 indicates a stronger grid 
axiality. The result of grid axiality is directly associated with the number of islands and axial lines 
regardless of the scale of that grid, thus providing the opportunity to compare the degree of axiality in 
different cases with different shapes and scales. Generally, a grid axiality value around 0.25 or above 
indicates a grid-like pattern system while the value below 0.25 indicates a more or less deformed 
spatial system (Hillier & Hanson 1984). 

Recently, Hillier et al. (2012) introduced a normalised choice measure to compare the spatial structure 
of different cities. The mean Normalised Angular Choice (NACH) is an indicator to see how grid like 
a city is. However, it is noted that a higher mean NACH value does not necessarily mean a more grid-
like spatial system. In other words, the axiality is not entirely dependent on the mean NACH value. 
Although there are some limitations to use this measure, it is one useful way to see how the grid 
axiality value will influence the NACH value in terms of the axiality feature.  

The calculation of NACH is as follows: 

NACH = log(CH +1)/log(TD+2) 

Where CH is the angular choice of each node and TD is the total angular depth of that node (Hillier et 
al. 2012). Although mean NACH is not an exact predictor of axiality, in this paper, it is correlated 
with the grid axiality value for comparison purpose. 

(2) Curvature 

Curvature describes the form of streets through their degree of curvature where straight is the absence 
of curvature. Some Chinese towns have straight streets as a result of their geographic orientation. 
Thus, curvature can be an indicator to identify the degree of street-grid deformation a Chinese town 
possesses. Unlike the measure of grid axiality, which focuses on grids alone, curvature indexes the 
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relative curvature of the grid’s streets and is measured by the ratio between the number of axial lines 
and the number of streets (Omer & Zafrir-Reuven 2015). Given the same number of streets, more 
axial lines are required for a curved street. Therefore, a curved street pattern has a higher ratio 
between the number of axial lines and the number of streets than a straight street pattern. The formula 
is as follows: 

CurA = L/S 

Where L is the number of axial lines in a given street network A, and S is the number of streets in the 
network.  While Omer & Zafrir-Reuven (2015) did not demonstrate how they count the number of 
streets, this paper follows a method of transforming curved streets into street segments adopted by Liu 
& Jiang (2012) to calculate the number of streets. Firstly, road centrelines of a street network are 
generated through CAD software. Secondly, by linking the two endpoints of a curved road centreline, 
a baseline is created with its length x and the distance d between it and the farthest vertex on the 
curved centreline. The curved centreline will be chopped by two at the farthest vertex when the ratio 
d/x is greater than 1.5% (x is more than 30 metres) or greater than 15% (x is less than 30 metres) (Liu 
& Jiang 2012). Finally, the number of streets is determined by how many street segments have been 
generated. Note roads that do not exhibit axial lines are not counted.  

In general, the closer to 1 the curvature degree is, the less curved the street network is. Importantly, 
the curvature degree is calculated based on the assumption that the street network is flat. Thus, the 
vertical curvature associated with a settlement’s topography and its impact on its urban form is not 
considered in this paper. 

(3) Intelligibility 

Intelligibility indexes the degree to which the number of immediate connections a line has and is a 
reliable guide to the importance of that line in the system as a whole (Hillier et al. 1987). Stronger 
intelligibility implies that it is easier for a visitor unfamiliar to the system (for example, a tourist) to 
navigate the whole system. In other words, one can read the whole system from the part within the 
system that the visitor is located at. Intelligibility has been widely used in space syntax research over 
the years, and it is a potential indicator for this research to see how visually intelligible a Chinese 
historic town is. In addition, it provides further insights into the detailed spatial design of historic 
towns. 

The measures needed to index intelligibility are the connectivity of each node and the global axial 
integration. Intelligibility (axial intelligibility) is the Pearson correlation between axial connectivity 
and global axial integration. To compare the correlation values across different cases with different 
nodes, a further z-test is needed to normalise the comparison. 

 (4) Synergy 

Synergy is defined as the correlation between radius-3 and radius-n integration. It measures the degree 
to which the internal structure of an area relates to the larger-scale system in which it is embedded 
(Hillier 2007). It is also called axial synergy while this paper uses angular synergy instead. This paper 
uses the correlation of global angular integration (radius n) and local angular integration (radius 
500m, 750m) to interpret synergy. For the differences between axial integration and angular 
integration, readers need to refer to Hillier & Iida (2005) and Turner (2001). The co-presence of high 
global angular integration and local angular integration means a visitor has easier access to a local site 
without the spatial interference of visual congestion (Li et al. 2016). As heritage tourism develops, the 
vehicle is strictly limited in the tourist spots of historic towns where the visual navigation of tourists 
needs to be carefully designed. Therefore, synergy can be used as a potential indicator as to how to 
plan urban spaces so that they make buildings and places of significant heritage value more visually 
present. 

The measures needed to index synergy are the global angular integration and local angular integration 
(radius 500m, 750m). Synergy (angular synergy) is the Pearson correlation between global angular 
integration and local angular integration (radius 500m, 750m). Also, in order to compare the 
correlation value across different cases with different nodes, a further z-test is also needed to 
normalise the comparison. 

(5) Organic Spatial layout 

5



 Proceedings of the 12th Space Syntax Symposium 

In space syntax terminology, an organic spatial layout means lacking obvious geometry (Hillier 
2012). In a city with the organic spatial pattern, the longer axial line is often connected to another 
longer one by an almost straight connection, while the short lines are connected by near right angles 
(Hillier 2012). The organic development shapes the dual layer system of a city (Hillier 2009).  

This paper follows the main idea of the organic spatial layout in space syntax research. However, 
Chinese cities have shown their own characteristics due to the building ideology of ancient Chinese. 
Taking waterfront towns as an example, these towns are organised by rivers. Rivers are severed as 
canals, acting the transporting core to boost the economy in the ancient time. If rivers are dominant in 
configuring the spatial layout, the location of rivers and bridges could have configurational meanings. 
In this paper, axial lines flowing around (i.e. rivers) and through the rivers (i.e. bridges) are considered 
as decisive lines in the spatial layout. Thus, their syntactic measures are addressed.  

3.2 Case selection 

In order to explore the spatial properties of Chinese historic towns, appropriate cases should be 
selected. Firstly, the heritage significance of historic towns should be considered. As China has a very 
long and rich history, towns in different historical periods should be taken into consideration, 
including the ancient time and modern time. While the heritage significance is also verified by 
UNESCO, the status of the World Heritage (WH) sites nominated by UNESCO will be selected with 
a priority due to their outstanding universal values that have been recognised. Secondly, China has a 
vast territory with a number of ethnic groups. Therefore, selected cases should capture the geometric 
and cultural differences. In this respect, selected cases for the research are the Ancient City of Ping 
Yao (WH site, 1997), Old Town of Lijiang (WH site, 1997), Kulangsu (WH site, 2017), and Wuzhen 
Waterfront Town (tentative WH list, 2008). Li et al. (2008) examined the distribution of the WH sites 
of China from a geometric perspective and categorised four main clusters. We can see that Pingyao 
belongs to the Middle and Lower Yellow River cluster, Lijiang belongs to the Sichuan Basin cluster, 
and Wuzhen belongs to the Middle and Lower Yangtze River cluster. Only Kulangsu does not locate 
in the main cluster, but it does show the selected cases are geometrically representative.  

The Ancient City of Pingyao is a well-preserved county-level city which locates in northern China. It 
retains perfectly planning, building and construction characteristics of the Han people tradition in the 
Ming and Qing dynasties (from the 14th century to 20th century) (WHC 2018). Its spatial layout is a 
typical reflection of the Chinese cities in the traditional time with unified characteristics, such as 
walled enclosure, north-south orientation, and axiality (Gu 2001). As a traditional Chinese city, it 
remains complete ancient walls forming a rectangular shape. Some other similar Han cities can be 
found such as Beijing and Xi’an. However, the modern development of the two cities is quite apparent 
and therefore less traditional spatial properties remain than Pingyao in this respect. Pingyao is selected 
as a typical Han people city used for analysing the ‘ideal city’ pattern. 

The Old Town of Lijiang is also a historic town built in the Ming dynasty (from the 13th century). 
Located in southern China surrounded by mountains, trees, and rivers, it presents a natural topography 
creating a harmonious human settlement between man and nature (WHC 2018). In addition, both 
Lijiang and Pingyao are the two historic towns which were designated as the WH sites in China in 
1997. Unlike Pingyao, the development of Lijiang is under the influence of a blend of different 
cultures between the Han people and ethnic minorities. Therefore, the spatial layout of Lijiang will 
not only represent some typical features of Han cities but also those specific to ethnic minorities. The 
comparison between Lijiang and Pingyao may suggest some similarities and differences in relation to 
their spatial patterns.  

Kulangsu, a historic global human settlement is formed since 1903 followed by the opening of 
Xiamen as a commercial port. Compared to Pingyao and Lijiang, it captures some typical 
characteristics of the modern architectural development in China, especially with influences outside 
China. Its heritage significance is also verified by UNESCO, nominated as the 2017 WH site. Unlike 
Pingyao and Lijiang, it represents a mixture of different cultural contexts and forms the unique Amoy 
Deco Style (WHC 2018). Kulangsu is isolated to Xiamen, and its spatial layout is well preserved. 
Kulangsu is selected to represent the impacts of modern development on spatial patterns of Chinese 
historic towns. 

Founded in 872, Wuzhen Waterfront Town has a relatively longer history in China than the other 
three selected cases. It is one of the four waterfront towns (the other three are Luzhi, Zhouzhuang, and 
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Xitang Town) that are inscribed on the WH tentative list as The ancient waterfront town in the south 
of Yangtze River proposal (WHC 2018). Located in the south of Yangtze River (southern China), 
water in these towns not only configures the spatial layout but also serves as the transportation core to 
promote the economy. This offers Wuzhen a particular layout organised by rivers. Therefore, Wuzhen 
is selected to identify the differences between the Han people cities with organic elements. 

3.3 Datasets 

This paper uses available online maps for analysis in which Gaode Map (a Chinese online map 
provider) is chosen as the primary resources. This is because the street network in Gaode Map is more 
legible than that in Baidu Maps, another main Chinese online map provider. Google Map and Open 
Street Map (OSM) are not considered as they do not provide details of the street networks of Chinese 
towns. One limitation of using Gaode Map as the primary resources is that the accurate width of 
streets could not be obtained. However, it does not affect the topological relationship of streets 
dramatically. DXF formatted axial lines are imported into UCL depthmapX for analysis. It is noted 
that in Pingyao, Kulangsu, and Lijiang, some of their scenic spots charge administrative fees. 
Therefore, with limited access for tourists, the streets of those areas are not included. To visit 
Wuzhen, an administrative fee needs to be charged prior to entry, and in this case, the entire map is 
digitalised.   

To conduct the analysis at a smaller scale, each case is divided by a framework 750m × 750m, as 
shown in Figure 1. For example, the framework covers Wuzhen East (Case 19) and indicates a 
pedestrian-friendly scale for locals and tourists. While dealing with the edge of the framework, some 
inconsistencies might occur. For instance, some directly intersected streets are cut through and 
become not intersected. In this respect, those streets which form a “ring” shape should remain. In a 
topological sense, this means streets locating at the edge of the framework while directly getting to 
each other in around three topological steps are remained, thus keeping the “ring”. This enables some 
fringe areas of the framework not to be too isolated. Also, to ensure the whole scale of the four cases 
is included, edges of the four cases are retained in each framework. It is noted that these cases are 
eventually divided into a similar scale level.  

4. RESULTS AND DISCUSSIONS 

4.1 Axiality 

Figure 2 shows the grid axiality values of the 19 cases where it is clear that none of these cases has a 
greater axiality value than 0.25 that indicates a grid-like pattern system. Then, we examine the axiality 
of the four cases at an overall scale. Pingyao is a typical town that follows the building traditions of 
walled enclosures and north-south and east-west axis orientations of buildings and streets. The reason 
the axiality value of Pingyao is not large enough (less than 0.25) might be because of the irregular 
walls in the southern parts of the city. However, the axiality degree is still greater than the other three 
case studies, which is almost three times that of Kulangsu. Wuzhen has the second largest axiality 
value. As the urban planning of Pingyao and Wuzhen were developed under the influence of the Han 
people, it is expected that they would present results that express higher degrees of axiality that are 
typical spatial properties common in Han-based Chinese historic towns. In other words, an ‘ideal city’ 
built by the Han people is more axial. Finally, Kulangsu, a historic town with global settlement, 
presents an axiality that is ambiguous and that cannot be definitively categorised.  

If we compare all the cases, it is further confirmed that the axiality is a typical spatial feature in 
Pingyao at both an overall and a small scale. The axiality values of Pingyao small-scale cases rank the 
top four among all the 19 cases. Northwest Pingyao has the highest value 0.1795 closer to 0.2. 
Considering its spatial layout, it is mainly because some horizontal streets in the northwest increase 
the axiality value. The axiality values of Wuzhen cases are also relatively higher than Lijiang and 
Kulangsu wherein Wuzhen East, the grid axiality value is closer to 0.1 higher than all the other cases 
except Pingyao small-scale cases. The axiality values in Lijiang small-scale cases distribute quite 
evenly around 0.06. In Kulangsu, the scenario is entirely different. The overall axiality value is the 
lowest one among all 19 cases, but the axiality value in the northeast is near 0.06 staying at the 
average level of the 19 cases, which indicates that Northeast Kulangsu has a less deformed grid than 
other parts of Kulangsu. 
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Figure 3 shows the mean NACH value of the 19 cases. Again, we examine the four cases at an overall 
scale first. The mean NACH of Pingyao is the largest one (0.95) while that of Kulangsu is the second 
largest one, followed by Lijiang and Wuzhen where the values of the latter two are quite similar. In 
this respect, the mean NACH values of the four case do not show the same trend as grid axiality.  

If we consider all the 19 cases together, all the values fall within the range of 0.7 to 1.2, and none of it 
is closer to 1.2 that means a regular grid in space syntax research. However, it is observed the mean 
NACH values in Pingyao cases are larger than the rest of the cases, which proves to be a more regular 
gird than other cases. Also, Northeast Pingyao has the most substantial mean NACH value (0.98). The 
only exception is Southwest Pingyao with the mean NACH value of 0.90. In terms of its layout, the 
main east street and south street are not connected decreasing the overall choice value in this network. 
In Lijiang cases, the mean NACH values are not high enough. They have two lowest mean NACH 
values (northeast, southwest). In Kulangsu cases, their mean NACH values are higher than Wuzhen 
cases overall.   

 

 

Figure 1. Maps of the 19 selected cases.  
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Figure 2. Grid axiality of the 19 selected cases. 

 
Figure 3. Mean NACH of the 19 selected cases. 

Figure 4 is the scatter plots graph of gird axiality against mean NACH. The correlation between them 
is significant with a coefficient correlation value of 0.728. A linear regression model is used to 
describe this relationship. It suggests that in the selected Chinese historic towns, by increasing the grid 
axiality, the mean NACH can also be increased. In other words, axiality not only means regular 
shapes but also the axial orientation in pedestrians’ choices (mean angular choices) when they 
navigate in these towns.  
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Figure 4. Scatter plots of grid axiality against Mean NACH. 

4.2 Curvature 

As shown in Figure 5, Pingyao has the smallest curvature degree, which supports the hypothesis that 
in towns built by the Han people, curved street patterns are generally not present. Wuzhen, also built 
by the Han people, is the second least curved urban site of the four case studies. In addition, while 
Wuzhen is slightly geographically smaller than Lijiang in terms of the geographical area, the 
curvature degree of Wuzhen and Lijiang are almost the same. The town with the most curved street 
network is Kulangsu. What makes the curvature degree in Kulangsu special is because of its physical 
geography. Kulangsu is located on an island surrounded by several mountains which have influenced 
how the town was planned and evolved. In addition, towns planned in China with modern 
development (post-war) principles, are less likely to follow the Han people building tradition, and 
Kulangsu is one of such examples. 

In terms of the 19 cases, all the curvature values are in the range from 1.5 to 2.6. It is also confirmed 
that Pingyao is the least curved town. In Pingyao cases, Northwest Pingyao is the least curved site 
with the value of 1.5 while it also has the highest axiality value. Northeast Pingyao is the second least 
curved site among the 19 cases. While the curvature degree in Lijiang cases and Wuzhen cases are 
quite similar, the curvature degree distribution in Kulangsu cases is uneven, with two cases’ curvature 
degrees around 2.2 (northeast, southeast) and two cases around 2.5 (northwest, southwest). But 
generally, Kulangsu cases are the most curved sites.  

Figure 6 is the scatter plots graph of the grid axiality against curvature; it shows a negative correlation 
with a negative correlation value of -0.723. The regression model is an attempt to describe the 
relationship between the two. The regression model here suggests some general trends. For instance, a 
higher grid axiality value is often correlated to a less curvature degree. The axiality value in Northeast 
Kulangsu is higher than the rest parts of Kulangsu. Its curvature degree is the smallest among the four. 
Southwest Kulangsu being the most curved part, also has the lowest axiality value compared to other 
three Kulangsu cases. This regression model between curvature and axiality is useful to further 
explore patterns about Chinese historic towns. 
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Figure 5. Curvature degree of the 19 selected cases 

 

Figure 6. Scatter plots of axiality against curvature. 

4.3 Intelligibility 

In terms of the intelligibility of the four cases at an overall scale, their values show a moderate 
coefficient correlation value as indicated in Figure 7 with values ranging from 0.3 to 0.5. It occurs that 
Pingyao has the most significant number of intelligibility value, followed by Lijiang, Wuzhen, and 
Kulangsu. The intelligibility value of Lijiang is similar to that of Wuzhen while Kulangsu seems to be 
least intelligible. 

In terms of the intelligibility of the 19 cases, Pingyao cases are quite intelligible at a smaller scale. In 
Southwest Pingyao, the intelligibility value is the highest among all the 19 cases (0.719). Northwest 
Pingyao, with the highest axiality value and the smallest curvature value, it nevertheless has a smaller 
intelligibility value than the other three Pingyao cases. In Lijiang cases, all values fall within the range 
between 0.3 to 0.5. The values are quite similar to those of Wuzhen cases. The values in the Kulangsu 
cases seem to be less intelligible than all the other cases. Among the four small-scale cases in 
Kulangsu, Northeast Kulangsu is most intelligible.  

A further pairwise correlation z-test is conducted to compare the correlation across the four cases at an 
overall scale. It is only significant when it comes to Pingyao and Kulangsu. Pingyao, a traditional Han 
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city, is more intelligible than Kulangsu, a historic town with global settlement. However, the fact that 
Pingyao is more visibly intelligible than Kulangsu does not mean that an ancient town is more 
intelligible than a town influenced by modern development. It does show a good indicator in terms of 
the tourists’ way-finding in a street network. Regarding the z-tests of the small-scale cases, it is noted 
that Northwest Pingyao and Southeast Pingyao are more intelligible than all non-Pingyao cases. This 
means they intelligible networks with respect to pedestrians’ wayfinding abilities. 

As discussed above, axiality is a typical property distinguishing the Han principles from those of the 
other ethnic groups. Axiality can also be an indicator for predicting intelligibility. Figure 8 indicates 
that axiality is moderately correlated with intelligibly in the selected Chinese historic towns. In the 
above tests, it shows axiality can be a core measure to integrate mean NACH, curvature, and 
intelligibility.  

 

Figure 7. Intelligibility of the 19 selected cases. 

 

Figure 8. Scatter plots of axiality against intelligibility. 

4.4 Synergy 

Figure 9 shows the synergy values at a radius of both 500 meters and 750 metres. As the scale 
becomes larger, the synergy values increase, indicating the local angular integration correlates better 
with the global angular integration.  
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The comparison of the four cases at an overall scale indicates some different trends. As per previous 
results - although not at a significant level - the order of the intelligibility values of the four cases 
from high to low is: Pingyao, Lijiang, Wuzhen, and Kulangsu. Regarding synergy, the order is 
Wuzhen, Kulangsu, Pingyao and Lijiang at a radius of 500 metres (all pairwise correlation z-tests are 
significant) and Kulangsu, Wuzhen, Pingyao and Lijiang at a radius of 750 metres (all pairwise 
correlation z-tests are significant). It is evident here that the synergy values in Kulangsu and Wuzhen 
cases are quite high. This means their areas with a high local angular integration value do also have a 
high global angular integration value. This observation could be insightful. For instance, local tourist 
attractions in Pingyao and Lijiang should be addressed to adjust their synergy values if comparing 
with Wuzhen and Kulangsu whom both possess higher synergy values. Thus, the spatial design of 
streets and public spaces between streets should could be redesigned in this area to facilitate effective 
pedestrian flow so that tourists can more easily visually navigate and get easier access to those local 
attractions. 

 

 

Figure 9. Synergy of the four selected cases at an overall scale.  

4.5 Organic Spatial layout 

Only Lijiang and Wuzhen have rivers flowing through the urban fabric, so their axial lines 
distributions are considered. Table 1 and Table 2 show the statistics of the decisive axial lines in 
Lijiang and Wuzhen, respectively.  

In Lijiang, the decisive axial lines take up 7 per cent of the total axial lines. In Table 1, it seems choice 
difference is larger than integration (global and R3) and line length. The mean integration of decisive 
lines is 1.08 times (global) and 1.16 times (R3) of that of non-decisive lines. In contrast, the mean 
choice of decisive lines is 1.44 times (global) and 1.94 times (R3) of that of non-decisive lines.  

Wuzhen has the same trend. In Wuzhen, the decisive axial lines take up 25 per cent of the total axial 
lines. The mean integration of decisive lines is 1.06 times (global) and 1.05 times (R3) of that of non-
decisive lines. In contrast, the mean choice of decisive lines is 2.26 times (global) and 1.53 times (R3) 
of that of non-decisive lines.  

Wuzhen and Lijiang are considered as organic spatial layouts where rivers play a crucial role in 
organising the spatial layout. According to the results, these rivers are located in an area with high 
choice values (global and R3). Therefore, when one navigates in an organic spatial layout of Chinese 
historic towns, as long as they find a river, they can feel quite confident to orient themselves through 
the river and then optimise way-finding options. In other words, if they are not far away from the 
rivers, then they are not far away from the centre of the town. In terms of the spatial design, the 
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decisive axial liens provide a way to facilitate eye-sight corridors so that the role of rives can be 
effectively emphasised.  

Table 1. The decisive axial lines of Lijiang 

Decisive Axial Lines N Minimum Maximum Mean Std. Deviation 

Yes Integration_HH 139 .40360326 .91705757 .5953972411 .11599050540 

Integration_HH_R3 139 .84912294 2.68109080 1.4448984992 .38496446033 

Choice 139 0 142791 11441.66 19000.503 

Choice_R3 139 0 414 30.50 45.119 

Line_Length 139 9.64001750 221.49573000 50.3799287158 39.48486687641 

Valid N (listwise) 139     

No Integration_HH 416 .36010686 .88875753 .5599190631 .11858347542 

Integration_HH_R3 416 .33333334 2.65718410 1.3690716697 .37249627010 

Choice 416 0 127372 5058.94 11794.804 

Choice_R3 416 0 264 19.93 29.787 

Line_Length 416 6.06967350 631.43561000 42.2737586474 50.93498499787 

Valid N (listwise) 416     

 

Table 2. The decisive axial lines in Wuzhen 

5. CONCLUSIONS 
In this paper, we have discussed five spatial features: axiality, curvature, intelligibility, synergy and 
organic spatial layout for understanding Chinese historic towns using space syntax measures. It shows 
that the proposed methods are robust to analyse and interpret the spatial properties of Chinese historic 
towns in an evidence-based approach. Some limitations still need to be addressed. Firstly, flaws may 
occur due to some manual procedures. This includes manual maps digitalisation and street segments 
generation. Secondly, our analysis is primarily based on axial line maps. However, automatically 
generating axial lines has been a long debate in space syntax studies (Liu & Jiang 2012; Turner et al. 
2005). In this paper, UCL depthmapX is used to automatically generate axial lines which can be 
problematic. We have to manually check and delete redundant lines to yield the final technically 
correct axial line maps. Thirdly, even though we divided the four cases into small scales, the total 
number of cases for analysis is less than 30 in which the results might not be statistically significant. 
This means more cases are required to test our model in the future. Moreover, the rule of dividing the 
cases could have been more critical therefore the small-scale cases may not represent original spatial 
type. Lastly, all these analyses are based on the assumption that the street networks are flat which are 
not possible in the real-world topography. Despite of these limitations, the proposed approach is still 

Decisive Axial Lines N Minimum Maximum Mean Std. Deviation 

Yes Integration_HH 72 .43308437 .73010087 .5956215208 .07225697372 

Integration_HH_R3 72 .58170414 3.04946760 1.6593991951 .41572156507 

Choice 72 0 137516 18425.58 27412.441 

Choice_R3 72 0 602 49.26 89.858 

Line_Length 72 13.12971900 290.83835000 67.1074795833 57.53392540616 

Valid N (listwise) 72     

No Integration_HH 899 .31473753 .74064356 .5512538465 .08054339819 

Integration_HH_R3 899 .33333334 2.50011180 1.4297131240 .41961807152 

Choice 899 0 257054 12749.79 26732.321 

Choice_R3 899 0 307 25.43 34.177 

Line_Length 899 6.02804850 527.91400000 54.5424167705 50.03636000329 

Valid N (listwise) 899     
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powerful to measure the spatial properties of Chinese historic towns. More importantly, it can be 
expanded to build a more comprehensive and systematic model for the context. 

Our results indicate that the ‘ideal city’ pattern can be measured mathematically. Pingyao, a typical 
Han people city following the ‘ideal city’ pattern is more axial and less curved than other towns. In 
addition, intelligibility and synergy are useful to reveal the mathematical relationships between the 
parts and the whole of historic towns, which is particularly helpful for heritage planning in some 
respects, for instance, predicting the congestion area in a historic town. In the Chinese towns with 
organic elements, rivers play a crucial role in forming the spatial layout, which can be explained by 
choice values. Through the mathematical equation, we also suggest axiality as a core indicator to link 
other related measures, such as mean NACH, curvature and intelligibility. The integrated model can 
provide further guidelines for heritage conservation. Moreover, heritage tourism development is often 
followed by functional changes in historic towns. Through the mathematical model, it can be further 
used to analyse the relationships between the spatial patterns and functional changes of Chinese 
historic towns, contributing to heritage conservation and heritage tourism. 
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