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Abstract

:

This study presents a quantitative approach to exploring the spatio-functional characteristics of historic Chinese towns (HCTs) from a heritage tourism perspective. In recent years, HCTs have evolved from being resident-oriented to being more tourist-oriented, in part due to their heritage significance for attracting tourists. Spatio-functional qualities of a historic town are essential elements of the town’s urban morphology and of great concern for preservation. Previous studies that discussed this issue often used qualitative descriptions, and only limited studies have systematically explored the spatio-functional qualities of HCTs. Thus, there is presently a lack of understanding around this issue, especially based on rigorous quantitative approaches. This study examines the spatio-functional qualities of HCTs using space syntax, a commonly used method in urban studies that enables measurement of spatial characteristics through mathematical means. Four HCTs with heritage significance, Pingyao, Lijiang, Kulangsu, and Wuzhen, were selected as case studies. The study has examined the role of heritage tourism and the results show that tourist-focused functions tend to distribute and aggregate in the urban core of HCTs. By contrast, cultural relics are freely distributed and not expanded over time. Spatio-functional patterns of the four HCTs were theorised, and the paper concludes with suggestions regarding future land-use optimisation for the four HCTs concerning heritage tourism.
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1. Introduction


With a history of over 3000 years, China encompasses more than 2000 historic towns and cities [1]. With Quanzhou: Emporium of the World in Song-Yuan China added to the World Heritage (WH) list in 2021, China so far has 56 recognised heritage properties including 38 cultural properties [2]. A growing concern on protecting these valuable towns has been raised and emphasised in the current literature.



As a fundamental part of urban morphology and the main area of concern for heritage conservation, spatio-functional qualities of historic Chinese towns (HCTs) need to be properly understood, including their physical spatial structures and land-use patterns [3]. However, there is an identifiable lack of quantitative approaches to the spatio-functional analysis of HCTs. The majority of studies were either focused on broader urban areas in major Chinese cities [4,5,6] or individual towns without a systematic approach [7,8]1. Spatial characteristics of HCTs have been analysed using quantitative measures in our prior study [9]. With a compound analysis of both spatial configuration and land use, this study extends our previous spatial analysis and presents a syntactical spatio-functional analysis of HCTs. This analysis can quantitatively reveal the spatial distributions of different types of land use, which can be utilised by designers, planners, policymakers, and conservationists, for directing heritage planning in terms of land-use optimisation and tourism management.



Recently, heritage tourism has become a key strategy for the conservation and development of historic towns across the world. However, some negative impacts have emerged, including increased traffic pressures, unregulated land-use changes, spatial segregation, and the loss of spatial and cultural authenticity [10,11,12]. With the rapid development of the tourism industry in China, many HCTs have experienced the above-mentioned issues to various extents. Understanding the relationship between the spatio-structure and land use in HCTs is crucial for future HCT development. Thus, there is an urgent need to critically examine how heritage tourism may affect the spatio-functional qualities of HCTs.



In this study, four towns that exemplify typical core characteristics of HCTs were selected as case studies to perform the spatio-functional analysis. They are Pingyao, Lijiang, Kulangsu, and Wuzhen. The four chosen HCTs characterise geographical (northern China and southern China), cultural (the dominant ethnic, ethnic minority, and a blend of Western cultures), and spatial (orthogonal and organic) diversities of HCTs. Three research steps were conducted to carry out the analysis. Firstly, points of interest (POIs) retrieved from Baidu Maps (a major online Chinese map provider) were used to identify land use in each HCT and represent the function of a building. POIs were further categorised according to whether they were used by tourists and/or residents. Secondly, spatial measure values calculated by space syntax [13] were assigned to POIs, so that the spatial characteristics of each categorised type of POIs can be directly compared to each other. Finally, a correlational analysis was undertaken to examine the impact of spatial configurations on function aggregation within a given radius in the four selected HCTs.



This paper aims to present a robust methodology to quantitively analyse the spatio-functional qualities of HCTs. The methodology is formal, compatible, and expandable, and can therefore be rescaled and applied to other cultural contexts in the world. Moreover, the analysis results enable a generation of strategies regarding land-use optimisation for HCTs to mitigate the negative impacts of heritage tourism.




2. Background


2.1. Spatio-Functional Qualities of HCTs


Historic town conservation is an important topic in China and has been studied from various perspectives, such as from a broader overview of historic Chinese towns [14] to narrower focuses on individual towns [15]. Traditionally, more attention has been paid to the conservation of cultural relics within historic sites. Later, the single conservation system for cultural relics was expanded to a dual-level system in which historic town conservation was considered a complement to protecting cultural relics in China [1]. A three-tier hierarchy in heritage conservation then followed, comprising individual sites and buildings, historic-cultural conservation areas, and entire cities, all categorised based on scale [16]. Hence, there has been a shift in the focus of strategies being applied to heritage conservation, shifting from individual buildings to broader urban settings. Such a shift is in line with international charters that acknowledge the significance of the conservation of historic towns and urban areas [17].



The expansion of the conservation system for historic towns leads to more comprehensive conservation strategies. Distinguished from static cultural relics, historic towns are a living heritage with dynamic and complex urban systems involving multiple dimensions, such as physical, social, cultural, economic, and spatial aspects. Accordingly, approaches to historic town conservation focus on these different contexts [18]. Furthermore, the spatial and spatio-functional properties of historic towns that have evolved from their inception to today, as identified in Hoi An Protocols for Best Conservation Practice in Asia [3] are important dimensions of authenticity. Spatial structures of historic towns encompass both natural elements (e.g., a river flowing through the street network) and built elements (e.g., urban land uses). This paper focuses on investigating the key spatio-functional qualities of HCTs to gain a comprehensive understanding of the essential spatial and functional patterns and their relationships.



Ruan et al. [1] summarised four main aspects that need to be preserved for historic Chinese towns and cities: cultural relics, historic streets, specific characteristics, and traditional cultures. ‘Specific characteristics’ of a historic town may include a plan graph of the town, an axis of the town, associated streets, as well as a river system [1]. These characteristics can be used to differentiate historic towns in China. For example, in general, more rigid planning of historic towns is evident in northern China and more organic planning of historic towns is evident in southern China. The spatial characteristics of HCTs and associated land use reflect the relationship between the town’s geographic environment and the social, cultural, and historical assets of the town at that time. Therefore, understanding the spatio-functional qualities of HCTs is a significant component of heritage conservation in China.



In the current literature, studies of HCTs often focus on regeneration [19], restoration [20], and revitalisation [21]. However, limited studies to date have directly examined the spatio-functional qualities of historic towns using systematic quantitative methods. Considering this gap, the present study conducts a spatio-functional analysis of HCTs using a syntactical approach based on space syntax theories.




2.2. Impacts of Heritage Tourism on HCTs


Heritage tourism can have significant impacts on HCTs from different dimensions, including social [22], political [23], and economic [24]. Once historic towns are nominated as World Heritage (WH) sites, they are publicly acknowledged worldwide and have strong attractions for tourists. Heritage tourism development in a WH site may contribute to increasing local job opportunities and improving residents’ living conditions. In China, most historic towns can utilise the WH title to encourage heritage tourism, promoting further economic growth [25].



Effective tourism management is beneficial for heritage conservation by engaging with communities and influencing relevant policies [26]. However, conflicts often exist between heritage conservation and tourism development [27,28]. Moreover, the over-development of heritage tourism has accelerated the spatial and functional transformation of historic towns, converting them into ‘open-air museums’, rather than respecting them as living heritage sites [29]. In this regard, as a conservation strategy for HCTs, heritage tourism should be carefully managed so that it does not negatively impact the authenticity and their spatio-functional qualities. The impacts of heritage tourism on the four selected HCTs are summarised in Table 1 and will be further discussed in the analysis.





3. Methodology


Space syntax [13] has been employed in this study due to its recognised syntactic theory and associated mathematical measures that are appropriate for the spatio-functional analysis of HCTs. Space syntax applies topological measures to index spatial configuration and interpret social effects. For example, land use has been found to be positively related to the spatial configuration of urban spaces, with empirical evidence indicating the most accessible streets are more likely to aggregate commercial land uses in a city [30].



Most space syntax techniques commence by abstracting spatial entities (e.g., street networks) and their inter-relationships into a graph utilising graph theory, in which each space is seen as a node, and connections between them as edges [31]. There are two critical measures in space syntax: integration and choice. Integration indexes how close a node is relative to all the other nodes in a graph with a given radius (e.g., radius n for global scale and radius 500 m for local scale), while choice indexes how frequently a node can be encountered in a graph with a given radius. Both integration and choice are calculated based on topological distances (e.g., axial integration and axial choice) and geometric distances (e.g., angular integration and angular choice) [32,33,34]. The angular integration and angular choice values can be normalised for comparison among different street networks that may differ in scale, which are denoted as normalised angular integration (NAIN) and normalised angular choice (NACH), respectively. Moreover, Hillier et al. [35] used a star model that standardises NAIN and NACH, so the differences between different cities can be scaled up as z scores ranging from −3 to 3 for comparison. NAIN and NACH are two key spatial syntactic measures (SSMs) in this study as they are essential for configuring street networks associated with land use in urban systems.



Axial segments generated from a street network with the top 10% values of NAIN and NACH measures were considered as the NAIN and NACH cores [35,36]. The two cores can be further combined and referred to as the syntactic core. The syntactic core is a collective concept that aims to combine the configurational role of NAIN and NACH cores and identifies the spatial centre of a historic town. Figure 1 illustrates the research framework of this study.



3.1. Case Selection


To analyse the spatio-functional qualities, the following four HCTs (Figure 2) were selected as case studies based on the below two selection criteria. Firstly, the heritage significance of historic towns was considered based on UNESCO’s nomination of the WH site as having ‘outstanding universal value’. The historical period of the towns was also taken into account to include both ancient and modern times. Secondly, since China has a vast territory with a variety of ethnic groups, the cases were selected to capture diverse geographical and cultural settings.



As demonstrated in Table 1, the four HCTs show a diverse range of spatial characteristics, geographic locations (Figure 3), cultural forms, and tourism development characteristics, suitable for a comprehensive investigation and analysis of their spatio-functional qualities. Figure 4 illustrates the planned land uses of the four HCTs, adapted from the available resources published by the local government of each town. It should be noted that officially, Kulangsu is not a ‘town’, but a historic international settlement inscribed on the WH list in 2017. There are two reasons for considering Kulangsu as a town for this study: firstly, the scale of Kulangsu is similar to the other three towns; secondly, located on an island, Kulangsu is isolated from the urban centre, Xiamen; therefore, its spatial layout is well-preserved with some degrees of integration.



This comparative research enables a systematic analysis and investigation of the spatio-functional qualities of the four HCTs. The analysis result can show the heterogeneity of land-use distribution amongst the towns since the spatial layouts of the towns are different from each other. In addition, the adoption of the method will allow us to propose future land-use optimisation strategies.




3.2. Research Steps


Step 1: Using points of interest (POIs) to represent land use



This study explores the relationship between spatial configurations and functional patterns of HCTs regarding heritage planning and tourism management. In the first step, the land-use composition in each selected HCT was examined. More specifically, we can assess whether tourist-focused functions occupy a large portion of overall functions. Points of interest (POIs) were used to represent land use. POIs were retrieved via the Baidu Maps application programming interface (API) and mapped onto the street network in each2. Land-use classification in the four HCTs is based on tourists’ and/or residents’ needs. When tourists visit a specific historic town, they undertake various activities related to leisure, accommodation, shopping, etc. For residents, activities are largely centred on residential, local logistics, and community services.



Based on the above activities, five categories of land use have been defined in this study including accommodation, recreation, culture, public facilities, and exclusive supply. ‘Accommodation’ is mainly for tourists, which is used to demonstrate how heritage tourism developments influence commercial rental activities since many original residential houses have been transformed into guesthouses. ‘Recreation’ is for both tourists and local residents but primarily delivered to tourists. The term ‘recreation’ is used to index all possible commercial activities targeting tourists that occur in HCTs. ‘Culture’ is usually created/hosted by local residents and delivered to tourists. The reason for including the culture category is that cultural relics are an important component of a historical town [37]. ‘Public facilities’ are for both local residents and tourists, which support the everyday life in HCTs. Finally, the category ‘exclusive supply’ is mainly for supporting local residents’ activities. The mapping of POI categories is shown in Table 2.



After the land-use categorisation was defined, the POI land-use composition was then calculated as the number of POIs with a certain function divided by the total number of POIs in each town. This produced a percentage value for each function, to allow the POI land-use composition to be compared amongst the four HCTs.



Step 2: Calculating spatial syntactic measure (SSM) values associated with land use



In this step, the normalised measures NACH and NAIN were calculated in depthmapX, which is a stand-alone application to perform space syntax analysis using the following formulas:


NACH = log(value(“T1024 Choice”) + 1)/log(value(“T1024 Total Depth”) + 3)



(1)






NAIN = value(“T1024 Node Count”)^1.2/(value(“T1024 Total Depth”) + 2)











This step aims to calculate spatial syntactic measure (SSM) values associated with land use (i.e., assigning NACH and NAIN values to land use). To achieve this, firstly, each POI was assigned a specific function and colour-coded (Figure 5a). Secondly, edges were created between axial segments and POIs, which were determined by the centre point of each axial segment and the POI that was closest to that segment (Figure 5b). Finally, a highly abstracted graph was generated, containing edges, axial segment nodes (centre points of axial segments), and POIs (Figure 5c). The SSM value of each POI was then determined by the nearest axial segment. The distance was calculated from the centre point of the axial segment to the POI. In other words, each POI inherits the NAIN/NACH value of its closest axial segment. This approach is similar to Yang et al. [38] which focused on the spatio-functional patterns of Beijing. Figure 6 shows the Grasshopper algorithm components for computing the process.



The mean NACH and NAIN values of street networks in the four HCTs are shown in Table 3, while the detailed NACH and NAIN values at the axial-segment scale in each town can be retrieved from the Supplementary Materials.



To conduct a systematic comparison amongst the towns, a z-score transformation strategy was considered. This study compares the mean SSM values between each type of POI land use and the entire street network of the town, which considers the overall POI land use, not a single point of interest. The mean SSM values of the entire street network in each town were standardised based on the 13 cases of historic Chinese towns and cities [9], as shown in Table 4. The expanded 13 cases include Pingyao, Lijiang, Kulangsu, Wuzhen, the historical spatial layout of Pingyao, the historical spatial layout of Lijiang, the historical spatial layout of Kulangsu, the historical spatial layout of Wuzhen, four historic capital cities, and the ideological ‘ideal city’ that serves as a prototype of the spatial layout of an HCT in Chinese cultural history. They form a local system for representing a typical spatial pattern of historic Chinese towns and cities [9]. In that manner, the standardised SSM values ensure a systematic comparison between different cases within this system. Note that the relative differences between the SSM values for land use are not affected by the standardisation. The standardised SSM values for each type of POI land use were calculated using the following formula:


  z _ S S  M  L a n d   u s  e a  = ( S S  M  L a n d   u s  e a    − M e a n _ S S M ) / S t d    



(2)




where Land usea refers to the POI land use in type a (a belongs to accommodation, recreation, culture, public facilities, and exclusive supply);   S S  M  L a n d   u s  e a      refers to the SSM values (mean_NACH, max_NACH, mean_NAIN, and max_NAIN) of all the POIs in land-use type a; Mean_SSM refers to the mean SSM values based on a calculation of the 13 cases of the selected historic Chinese towns and cities; and Std refers to the standard deviation for each Mean_SSM (see Table 4). The z-scores of the SSMs form a star model of functions, as shown in the results section.



Step 3: Correlational analysis between SSMs and function aggregation



For each axial segment that represents a street segment broken by junctions, the number of POIs with a specific function was used to describe the attractiveness of that axial segment, as shown in Figure 5d. By setting a radius of 100 m (with 10% tolerance to 110 m) from the centre of an axial segment, the number of POIs that each axial segment can be accessed was calculated. Figure 7 shows the Grasshopper algorithm components for computing the process. The scale of the four cases is relatively small; therefore, unlike similar studies [39] that set multiple-scale catchments, only a small scale was considered in this paper. The scale is suitable for HCTs since the radius of the entire town is approximate 1.5 km for each selected town. This step adopted the methods of Ozbil et al. [40] and particularly considered the scale of HCTs. Once the above preparations were completed, correlational analysis was then conducted.



Bivariate correlational analysis was performed in this study. In interpreting the coefficient (r) value, a value of 0.1 represents a small effect (slightly correlated), 0.3 a medium effect (moderately correlated), and 0.5 a large effect (well correlated) [41].





4. Results


4.1. Step 1: POI Distribution Results


Figure 8 illustrates the POI distribution in the four HCTs, while Figure 9 shows the ratio of the five types of POI land use amongst the selected towns. In the four HCTs, recreation POIs have the highest ratio (except for Pingyao) among all five types of land use. Moreover, recreation POIs dominate in Lijiang with a ratio of 44.37%. This figure is in line with the tourist number of Lijiang, which is significantly higher compared to the other three towns. This supports the fact that Lijiang is very tourism focused. Accommodation POIs are popular in the four HCTs to serve tourists. Regarding culture POIs, Pingyao has the highest ratio throughout the entire town. The culture POIs ratio in Lijiang is relatively small compared to the other three HCTs, which only occupies 2.8% of all POI land uses.



All four HCTs provide public facilities to serve both tourists and local residents. Lijiang has the lowest ratio of public facilities POIs amongst the four HCTs. Finally, all four HCTs have exclusive supply POIs for local residents. Kulangsu and Wuzhen have a higher exclusive supply POIs ratio compared to Pingyao and Lijiang, while Pingyao has the lowest ratio (5.3%). In summary, the results have shown that heritage tourism is dominant in the four HCTs where accommodation and recreation POIs together represent over 50% of all POI land uses in each town, as illustrated in Figure 9.




4.2. Step 2: SSM Values Associated with the Land-Use Analysis Results


Figure 10 presents a star model demonstrating the comparison of the SSM values (i.e., NACH and NAIN) of the five types of POI land use with the counterpart measures of street networks in each town. In the star model, the mean NACH and NAIN values (vertical axis) represent the background structure, while the max. NACH and NAIN values (horizontal axis) represent the foreground structure. When these four values are applied to land use, a direct visual comparison can be made between each type of POI land use, benchmarking against the entire respective street network in each town.



It can be observed that the POI land use of the four HCTs tends to be distributed in favour of NACH rather than NAIN. This is because the difference between the mean NACH values of POI land use and those of each town’s entire street network is often larger than the counterpart difference regarding mean NAIN values. Therefore, we mainly focus on the NACH comparison of land use.



The most noticeable difference between mean NACH values of POI land use and those of the street network was observed in recreation POIs (Figure 10 mid-left). Recreation POIs in the four HCTs generally have much higher mean NACH values than the other land uses, which can be considered as a reflection of prevailing heritage tourism developments in these HCTs. Recreation POIs are structurally formed in places with higher NACH values which can be frequently accessed by tourists.



In terms of the mean NACH values of accommodation POIs, Pingyao and Wuzhen have a higher mean NACH value of accommodation POIs compared to their respective town’s entire street network. The distribution of accommodation POIs shows the trend of transitioning from local residences to tourist guesthouses in HCTs. When this trend becomes more dominant, the mean NACH value of the accommodation POIs may then become much lower than that of the town’s entire street network. This is evident in Lijiang where the majority local residences have been transformed into tourist guesthouses [23].



The star model analysis cannot fully reflect the overall spatial characteristics of culture POIs in the four HCTs. For example, the mean NACH value of culture POIs of Pingyao is lower than that of the town’s entire street network. In fact, the culture POIs in Pingyao are formed as several clusters representing different tourist attractions in which a number of culture POIs are internally segregated and accessed through the same main entrance. Therefore, culture POIs were grouped as tourist attractions for further examination (see Figure A1, Figure A2, Figure A3 and Figure A4 in Appendix A).



Since the public facilities in the four HCTs are distributed based on a number of unpredictable factors, including the changing needs of residents/tourists and varying planning strategies, their spatial characteristics cannot be fully reflected by the analysis results. However, it should be noted that POI land uses can normally inherit the max. NACH and max. NAIN values of the town’s entire street network, which suggests that each type of POI land use is aligned with the syntactic core of the HCT. There is one exception in Kulangsu. The mean NACH value of public facilities POIs in Kulangsu is lower than that of the town’s entire street network, while the difference in terms of the max. NACH values is even greater. This means that public facilities POIs in Kulangsu have not occupied the locations with the highest NACH value. A lower mean NACH value suggests that these public facilities may not be frequently accessed.



Finally, the mean NACH and mean NAIN values of exclusive supply POIs in each town are similar to those of their respective town’s entire street network, which suggests that the overall spatial characteristics of exclusive supply POIs cannot be revealed through the comparison of mean SSM values.




4.3. Step 3: Correlational Analysis Results


In this step, correlational analysis was conducted to examine the impact of spatial configurations of street networks on land use aggregation, as shown in Figure 11. The correlation matrix indicates that POI land use overall correlates better with angular integration than angular choice. This means that the aggregation of these functions is influenced more by integration rather than choice.



Commercial functions of the four HCTs (i.e., accommodation and recreation POIs) correlate well with integration. Moreover, they correlate better with integration_500 (integration at the radius of 500 m) than integration at the global scale. This suggests that spatial configurations of the street network positively affect the aggregation of commercial functions. Yet Lijiang is a notable exception; the accommodation POIs of Lijiang do not correlate with integration and choice measures, reflected by the fact that these POIs spread across the street network of Lijiang, most of which are spatially segregated (see Figure 8). This implies that if heritage tourism overdevelops, the centrality of accommodation is likely to be diffused due to the impacts of residents who often spontaneously adapt their private residences into guesthouses to accommodate tourists, and sometimes without proper approval or influence of regulatory controls.



Culture POIs were often formed as an ‘anchor’ for an HCT, which do not seem to align with the spatial configurations of the street network in the case studies (except for Wuzhen), and the distribution of culture POIs seems to be random. These culture POIs were built in ancient times but were not significantly developed and expanded over time. Therefore, the correlational analysis cannot address the impact of spatial configurations on the aggregation of culture POIs. In Wuzhen, the culture POIs are moderately correlated with integration_500. This is perhaps due to the two designated tourist quarters (within the old town area) encompassing most of the culture POIs, which also have a higher integration value (see Figure 8). In the other three HCTs, culture POIs are more freely distributed along the entire street network.



Public facilities were planned to serve both tourists and local residents of an HCT. Public facilities POIs do not correlate with integration and choice measures in the case studies, except for Lijiang where the public facilities are moderately correlated with integration_500.



The exclusive supply POIs of Lijiang are moderately correlated with integration_500, while the exclusive supply POIs of Kulangsu are well correlated with integration_500. However, exclusive supply POIs of Pingyao and Wuzhen do not exhibit higher Pearson coefficient values. Part of the reason is that some exclusive supply POIs cannot be clearly identified (e.g., the courtyard houses in Pingyao). Another reason may be the categorisation of exclusive supply POIs overlapping with other types of POIs utilised by local residents, resulting in a weak correlation.



In summary, the correlational analysis results can overall assist in examining the impact of spatial configurations of the street network on the aggregation of commercial land uses. As revealed by the analysis results, the positive relationship between spatial configuration and commercial function aggregation is consistent with the natural movement theory (Hillier et al., 1993), suggesting that street configurations act as multipliers and a key generator for functions to be aggregated.





5. Discussion


5.1. Theorising the Analysis Results


This study has analysed the spatial distribution of land use in the selected HCTs using a quantitative approach, as summarised in Table 5. Figure 12 illustrates and summarises the spatio-functional qualities of HCTs. Despite the underlying differences in the four HCTs, the spatio-functional distribution has nevertheless shown some degrees of homogenisation. It is evident that commercial functions distribute and aggregate along with the syntactic core in the four HCTs. As such, we propose three spatio-functional patterns with respect to the four HCTs: (1) high-ratio commercial functions; (2) concentric commercial activities; and (3) function aggregation with integration. Pattern 1 focuses on function composition, particularly the ratio of commercial use, which reveals the popular heritage tourism status in the four HCTs; pattern 2 elaborates how different types of POI land use are spatially distributed along each corresponding street network; and pattern 3 further reveals how land uses are aggregated in response to spatial configurations. Arguably, the development of these spatio-functional patterns relies on the quantitative analysis and cannot be obtained through qualitative analysis alone.




5.2. Comparison with Similar Studies


The present findings are consistent with similar studies that focus on a spatio-functional analysis of urban spaces [38,39,42]. For example, Ling and Wang [42] analysed the characteristics of commercial activities in which POIs were used in their work to represent functions in an urban village of Guangzhou, China, using angular segment analysis (ASA). Their analysis results show that the distribution of commercial activities, as a whole, is related to the NACH and NAIN values of the street network, while the correlation with NAIN is relatively higher than that of NACH [42].



Based on a correlational analysis, Omer and Goldblatt [39] found that the (axial) choice value correlates better with aggregation of retail shops than (axial) integration, which is different from the current research, in which angular integration correlates better with aggregation of recreation POIs than angular choice. Their studies concluded that it is more appropriate to use axial line analysis (ALA) measures than ASA measures (adopted in the current research) to represent the interactions between spatial configurations of the street network and retail shops, because the correlational analysis using ALA measures is more significant than with ASA measures. They suggested that this is because longer visual lines are more appropriate for aggregating retail shops. To examine if ALA exhibits better correlations than ASA with function aggregation, we applied ALA measures to conduct the correlational analysis, again using the given algorithm in Figure 7.



Figure 13 illustrates the correlation matrix between the five types of POI land use (accommodation, culture, recreation, public facilities, and exclusive supply) and ALA measures (choice, choice_R3, integration, and integration_R3) instead of ASA measures.



Comparing this figure to Figure 11, it seems that the colours in Figure 13 are generally lighter than Figure 11, while a darker blue colour represents a stronger correlation. In other words, function aggregation tends to be shaped by ASA measures rather than ALA measures in our study. Moreover, both figures seem to have a similar correlation pattern, while function aggregation is more likely to be shaped by the integration measure rather than choice, and more insignificant coefficients are presented in Figure 13 than Figure 11. Again, such a finding is contradictory to the results of Omer and Goldblatt [39].



The different analysis results between the study of Omer and Goldblatt [39] and the current research may arise from a different abstraction method for the relationship between spatial configurations and function aggregation. In their study, the association between POI distribution and SSMs is analysed using axial lines, by computing the number of buildings with retail activity that are located within a total buffer of 100 m around each axial line (i.e., 50 m to either side of the line) [39]. Therefore, their function distribution is more linearly defined by a long axial line.



However, the rationale for using ASA measures rather than ALA measures in this research is that an axial segment can be more appropriate for revealing the relations between a street segment broken by junctions (an axial segment can be roughly considered as a street segment) and function aggregation at a finer level. Specifically, this process allows the examination of the extent to which a street segment (rather than an axial line) can attract a specific land use. Hence, this research uses the number of POIs located in a circle with a radius of 110 m (including a 10 m buffer zone) from the centre point of an axial segment, to define the extent to which the axial segments can shape the aggregation of a specific land use. Despite the differences, all these studies have revealed a correlation between spatial configurations and the aggregation of commercial activities, which is in line with the natural movement theory [30].



Furthermore, results have shown that NACH can be a robust measure to interpret the spatial distribution of land use. As Alalouch et al. [43] argued, although NACH has proven to be a significant measure to predict the distribution of retail land use, it has been scarcely utilised in such studies. This study extends the understanding of NACH further by examining its role in the distribution of land use within HCTs. Another significant finding of this study is that the spatial distribution of culture POIs appears to be random, and the correlational analysis cannot address the impact of spatial configurations on the aggregation of culture POIs. Hence, in the case of tourist/cultural attractors, the movement is not natural but forced between origin and destination [44]. Further evidence is needed to test this in the future.




5.3. Implications, Applications and Future Scenarios


The quantitative and robust methodology applied in this study demonstrates its potential to gain an in-depth insight about the tourist activity patterns, and ultimately, how the built form affects the social patterns. The same methodology may apply to studying broader Chinese heritage environments, and the approach can be further refined and contextualised applicably in other settings. Different radii could be further considered [45,46] and adjusted with the developed algorithm utilised in our proposed methodology. Figure 14 and Figure 15 illustrate examples of suggestions regarding the five types of land use for the four HCTs.



The following subsections will explain in detail how the results can be applicable in better understanding the range of social activities within historic towns as well as recommendations for a more effective management and planning.



(1) Recreational activities in historic towns



It has been found that commercial functions of accommodation and recreation dominate in the four HCTs. Further, they tend to distribute and aggregate along with the syntactic core in each town. This means that recreational activities need to be carefully managed without surpassing the capacity of a historic town when examining their relations with the street network.



Taking Lijiang as an example, the commercial functions of Lijiang were planned in a dense commercial area featuring the ‘bar streets’, a night-time entertainment district. Recreation POIs correlate well with angular choice and angular integration (at a radius of 500 m), suggesting their multiplier effects on the spatial configuration. The multiplier effects show that, on the one hand, the recreation POIs along the ‘bar streets’ can be frequently accessed; on the other hand, this is likely to attract even more tourists to the area because of the popular ‘bar streets’. The findings support the claim in the reactive monitoring report by UNESCO published in 20083 that one issue affecting the cultural values of the Old Town of Lijiang is the development pressure of uncontrolled tourism and related business. Although spatial configurations positively affect the aggregation of recreation POIs, Lijiang should avoid excessive commercial activities to retain its heritage and authenticity. More specifically, heritage tourism needs to be effectively managed to control the pedestrian volume not only along the syntactic core but also on the commercial streets in Lijiang. In fact, all four HCTs should consider avoiding excessive commercial activities.



(2) Tourist guesthouses in historic towns



As per the analysis results, there is a noticeable exception of accommodation POIs distribution in Lijiang where no hierarchy or order can be found concerning their spatial configurations in the street network. Without proper planning, guesthouses are likely to spread across the entire street network, some of which are spatially segregated with poor accessibility. As such, a recommendation with respect to accommodation POIs was given from a syntactic perspective as shown in Figure 14.



Rather than a bottom-up transformation of tourist guesthouses from the original residence driven by profit, the government needs to regulate guesthouse planning to improve the organisation of the current state in line with the spatial configuration of the town. Therefore, explicit guidelines for guesthouse planning for servicing tourists shall be developed. It should be noted that the aim was to improve the overall accessibility of tourist guesthouses. In fact, this recommendation could be further examined by an on-site survey of the actual usage of tourist guesthouses from the owners.



(3) Cultural relics in historic towns



Showcasing cultural values is important for a historic town. From a heritage tourism perspective, it is necessary to map POI tourist attractions, and the results are shown in Figure A1, Figure A2, Figure A3 and Figure A4 from the Appendix A. With the locations of tourist attractions associated with spatial syntactic measures (SSMs), visual aids/guides can then be utilised to make those spatially segregated cultural relics more accessible. Further, the government of each town can design several tour routes starting from the syntactic core of the town and leading to more segregated areas (see Figure A1, Figure A2, Figure A3 and Figure A4 in the Appendix A). By doing so, more cultural elements that make the town unique can be experienced, while tourists can be redirected from popular tourist attractions that are often close to the syntactic core, to ensure more even distribution and accessibility. For example, as a financial centre in the 19th century, Pingyao is famous for its Jin Shang (Jin merchants or Shanxi businessmen) culture. Although the exchange shops (e.g., Number 6 in Figure A1) and escort companies (e.g., Number 17 in Figure A1) do not function nowadays, they have become museums to showcase Pingyao’s Jin Shang culture. The heritage planning of Pingyao can adopt the above suggestions to better showcase these cultural relics. In the northern part of Pingyao, the Courtyard of Family Ma (Number 7 in Figure A1), another important cultural relic, cannot be often accessed by tourists since the main entrance spatially deviates from the syntactic core. Tourists seem less likely to visit this Courtyard. The ‘tour routes’ strategy suggested above could be effective in improving this situation.



(4) Public facilities in historic towns



The public facilities in HCTs are utilised by both tourists and residents. Their planning can make use of the analysis results. In Kulangsu, public facilities POIs have a rather low mean NACH value than that of the town’s entire street network. Moreover, public facilities POIs do not inherit the max. NACH value of the same street network, and they do not correlate well with spatial syntactic measures. Figure 16 maps the public facilities POIs onto the axial segment map of Kulangsu, showing that the red-coloured segments (NACH value higher than 1.34) cannot be directly accessed by any of the public facilities POIs. Therefore, in future planning, the government may wish to consider setting up some public facilities (e.g., a tourist centre, public toilets, etc.) in the area with a higher NACH value so they can better serve tourists and residents alike.



(5) Needs of residents of historic towns



Exclusive supply POIs should not be overlooked as they are a key to supporting the everyday life of residents. Without local residents, historic towns could not have been deemed living heritage. Taking Wuzhen as an example, as a waterfront town, it can be observed that the entire old town area is planned as two separate tourist quarters on a large scale, East Zha and West Zha, which is different from the other three towns. Entering the two quarters requires an entrance fee, which makes Wuzhen more like a museum in a town scale. As a result, commercial POIs spread out in the two quarters, and functions supporting everyday living are not present in the old town area. In the future, the government may wish to consider creating connections with local residents to rebuild and emphasise the importance of the living heritage of Wuzhen, rather than simply separating specific quarters solely for tourism purposes. Otherwise, the town may lose its spatial authenticity and cultural identity because of the thematisation process of tourism, where real urban life is lost.



In addition, when both resident-focused and tourist-focused functions are aggregated in the same area, it is important to ensure the quality of life of local residents. Kulangsu provides a sound example of achieving this goal (see Figure 15).



In summary, these suggestions—generated from robust syntactic analyses with strong quantitative evidence—can act as guidelines for sustainable tourism in HCTs on a high level. The identified syntactic core enables an in-depth understanding of the urban centre of HCTs at a finer level, which could have not been simply achieved by other approaches. A more refined, systematic, and quantitative approach is possible utilising the methodology proposed in this paper. Moreover, the findings exhibited by this study can effectively be integrated into other studies. For example, Xie et al. [47] applied a typo-morphological approach to analysing the spatial structure of Kulangsu. Their specific measures to address the underlying issues of Kulangsu are quite well aligned with our findings. Future studies can incorporate different types of analyses, methods, and techniques for further refinement and improvement.





6. Conclusions


To conclude, this study has presented and demonstrated a robust quantitative methodology for systematically analysing the spatio-functional qualities of historic Chinese towns (HCTs) from a heritage tourism perspective. This methodology was used for examining the spatio-functional patterns of four typical HCTs: Pingyao, Lijiang, Kulangsu, and Wuzhen. It has been found that heritage tourism plays a dominant role in the development of HCTs. Commercial functions in the four HCTs tend to distribute and aggregate with the syntactic core. The analysis results have illustrated the distribution of cultural POIs and POI tourist attractions and identified mitigation strategies. Moreover, future planning of public facilities POIs and resident-focused functions have been suggested by utilising the analysis results. The suggestions are summarised as below:




	
Carefully managing recreational activities;



	
Improving the organisation of tourist guesthouses;



	
Enhancing the role of cultural relics;



	
Improving the accessibility of public facilities;



	
Balancing the needs of residents of historic towns.








These suggestions need to be critically examined by linking to the syntactic core (analysed through space syntax) of street networks where different land uses are distributed and aggregated. With the capabilities of the methodology demonstrated, this quantitative approach can be further enhanced and extended to studying the broader historic built environments in China, further contributing to their heritage conservation, planning and tourism management.



We are cognizant of some of the unavoidable limitations related to the methodology of this study. Firstly, although our methods can explicitly reveal the spatio-functional characteristics of accommodation and recreation POIs, they cannot clearly identify those of resident-focused functions (i.e., exclusive supply POIs). A more refined categorisation could be developed and applied in future work. Secondly, space syntax enables us to analyse spatial configuration and land use in a two-dimensional street network. Other three-dimensional qualities such as building height were not considered. Finally, the axial segment-POI model is a theoretical abstraction of the real-world spatio-functional relationship in an urban space since the edges between axial segments and POIs cannot be treated as actual entrances that link streets to buildings. Despite these identified limitations, the proposed approach has successfully enabled us to illustrate the spatio-functional patterns of the four HCTs systematically, i.e., (1) high-ratio commercial functions; (2) concentric commercial activities; and (3) function aggregation with integration. In future work, the spatio-functional analysis could be extended to other HCTs for a more systematic understanding and to incorporate with other analytical features of HCTs for a more comprehensive investigation.
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Figure A1. The POI tourist attraction distribution in Pingyao. The red colour indicates that tourist attractions deviate from the syntactic core of the town. 
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Figure A2. The POI tourist attraction distribution in Lijiang. The red colour indicates that tourist attractions deviate from the syntactic core of the town. 
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Figure A3. The POI tourist attraction distribution in Kulangsu. The red colour indicates that tourist attractions deviate from the syntactic core of the town. 
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Figure A4. The POI tourist attraction distribution in Wuzhen. The red colour indicates that tourist attractions deviate from the syntactic core of the town. 






Figure A4. The POI tourist attraction distribution in Wuzhen. The red colour indicates that tourist attractions deviate from the syntactic core of the town.
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Notes


	
1

	

Cities, towns, and villages are defined by their administrative level in China, namely, province-city-town/county/village, which are often determined by geographical size and population. See: http://www.stats.gov.cn/tjsj/pcsj/rkpc/5rp/html/append7.htm (accessed on 29 November 2022).






	
2

	

The POIs in this study were primarily retrieved in 2019 and can be roughly cross validated via the online Baidu Maps: https://map.baidu.com (accessed on 29 November 2022).






	
3

	

Refer to https://whc.unesco.org/en/list/811/documents (accessed on 29 November 2022).
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Figure 1. Research framework of this study. 






Figure 1. Research framework of this study.
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Figure 2. The four HCT case studies, from left to right: Pingyao, Lijiang, Kulangsu, and Wuzhen [photos were taken by the lead author]. 
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Figure 3. The locations of the four selected HCTs. 






Figure 3. The locations of the four selected HCTs.



[image: Land 11 02181 g003]







[image: Land 11 02181 g004 550] 





Figure 4. The planned land uses of the four HCTs. 
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Figure 5. (a) Colour coding POIs; (b) generating axial segments; (c) creating the edges between axial segments and POIs; (d) illustrating the attractiveness of an axial segment to POIs within a given radius. 
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Figure 6. Grasshopper components used to determine the spatial syntactic measure (SSM) value of each POI land use. 
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Figure 7. Grasshopper components used to calculate the number of POIs that each axial segment can access within a given radius. 
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Figure 8. POI distribution in the four HCTs. 
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Figure 9. The ratio of the five types of POI land use in the four HCTs. 
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Figure 10. The star model of each type of POI land use, benchmarking against the SSMs of the entire street network at the global scale. 
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Figure 11. The spatio-functional correlation matrix of the four HCTs where a darker blue colour represents a higher Pearson coefficient value (* correlation is significant at the 0.05 level for 2-tailed). 
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Figure 12. Illustration of the spatio-functional patterns of the five types of POI land use (in a simplified plan of a general HCT). 






Figure 12. Illustration of the spatio-functional patterns of the five types of POI land use (in a simplified plan of a general HCT).



[image: Land 11 02181 g012]







[image: Land 11 02181 g013 550] 





Figure 13. The correlation matrix between the five types of land use and axial line analysis measures: choice, choice_R3, integration, and integration_R3 where a darker blue colour represents a higher Pearson coefficient r value (* correlation is significant at the 0.05 level for 2-tailed). 
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Figure 14. The strategies suggested for Pingyao and Lijiang based on the spatio-functional analysis results. 
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Figure 15. The strategies suggested for Kulangsu and Wuzhen based on the spatio-functional analysis results. 
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Figure 16. The public facilities POIs in Kulangsu. 
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Table 1. A comparison of the four case studies.
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Cases

	
Spatial Characteristics

	
Location

	
Cultural Form

	
Scale

	
Tourism Development Characteristics

	
2020 Tourist Number

	
Underling Issues






	
Pingyao

	
Walled enclosure, north-south orientation, orthogonal spatial layout, axiality.

	
Northern China

	
Typical planning, building and construction characteristics of the traditions of China’s main ethnic group—the Han people. Shanxi Business Culture.

	
Approximate 2.32 km2

	
WH site, 1997. Tourists can access the old town area for free with an entrance fee needed for accessing several attractions.

	
4,880,600

	
Heritage tourism is prevalent in all four case studies. A large number of traditional buildings have now been transformed into guesthouses due to tourism demands; recreation dominates; cultural relics are not adequately emphasised in planning.




	
Lijiang

	
Surrounded by mountains, trees, and rivers, presenting a natural topography, organic spatial layout.

	
Southern China

	
Mixed cultural influences from both the Han people and an ethnic minority called Naxi.

	
Approximate 1.49 km2

	
WH site, 1997. Tourists can access the old town area for free with an entrance fee needed for accessing several attractions.

	
26,251,000




	
Kulangsu

	
Undulating geography, curved streets, organic spatial layout.

	
Southern China

	
Primarily influenced by modern architectural design and planning principles. Amoy Deco Style.

	
Approximate 1.79 km2

	
WH site, 2017. The tourism management of Kulangsu is managed effectively with a restricted tourist number (50,000, subject to change) landing per day. An entrance fee is needed to access several attractions on the island.

	
3,661,500




	
Wuzhen

	
Unique water supply system, organic spatial layout responsive to the geographical features.

	
Southern China

	
Waterfront town representing a ‘southern style’ of the building traditions of the Han people.

	
Approximate 1.92 km2

	
WH tentative list, 2008. Tourists need to pay to access the old town areas of Wuzhen, which is different from the other three towns that only charge fees for specific tourist attractions.

	
2,660,400
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Table 2. The mapping of POI categories in the study.
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	Land-Use Categories
	POI Categories
	Intended Users
	Examples





	Accommodation
	Hotel
	For tourists only
	Hotels, guesthouses



	Recreation
	Catering, shopping, beauty service, recreation, sport, cultural facility, daily service
	For tourists and local residents, but mainly for tourists
	Catering, commercial, recreational facilities



	Culture
	Tourist attraction, cultural facility
	Created and hosted by local residents and delivered to tourists
	Museums, heritage sites, relics



	Public facilities
	Daily service, hospital, commerce (e.g., ATM)
	For both local residents and tourists
	Municipal utilities



	Exclusive supply
	Daily service, commerce, cultural facility, education, car service, real estate, company, government
	Mainly for local residents
	Residential, administration and public services industrial, manufacturing
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Table 3. The NACH and NAIN values of street networks in the four HCTs.
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	Name
	Spatial Syntactic Measure
	N (Axial Segments)
	Minimum
	Maximum
	Mean
	Std. Deviation





	Pingyao
	NACH
	1085
	0.000
	1.492
	0.875
	0.416



	
	NAIN
	1085
	0.501
	1.356
	0.924
	0.192



	Lijiang
	NACH
	1666
	0.000
	1.426
	0.842
	0.403



	
	NAIN
	1666
	0.216
	0.721
	0.528
	0.082



	Kulangsu
	NACH
	1749
	0.000
	1.380
	0.885
	0.352



	
	NAIN
	1749
	0.278
	0.660
	0.473
	0.085



	Wuzhen
	NACH
	1487
	0.000
	1.484
	0.819
	0.405



	
	NAIN
	1487
	0.331
	0.899
	0.609
	0.120
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Table 4. Mean/max. NACH and mean/max. NAIN measures of the 13 cases of the selected historic Chinese towns and cities.






Table 4. Mean/max. NACH and mean/max. NAIN measures of the 13 cases of the selected historic Chinese towns and cities.





	SSMs
	N
	Mean_SSMs
	Std. Deviation





	Mean_NACH
	13
	0.868
	0.121



	Max_NACH
	13
	1.422
	0.070



	Mean_NAIN
	13
	1.030
	0.485



	Max_NAIN
	13
	1.298
	0.452
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Table 5. The overall characteristics of the five types of POI land use.






Table 5. The overall characteristics of the five types of POI land use.





	POI Land Use
	Overall Spatial Characteristics





	Recreation
	Highest mean NACH values among the five types of POI land use in all four selected HCTs; aggregated along the syntactic core; the most accessible function



	Accommodation
	High mean NACH value; higher than the counterpart measure of each representative street network, except for Lijiang



	Culture
	Most culture POIs are close to the syntactic core, except for some that are spatially segregated; freely distributed and not expanded over time



	Public facilities
	Cannot be revealed through the comparison of mean values of SSMs; Kulangsu exhibits a much lower mean NACH value with respect to that of its street network



	Exclusive supply
	Cannot be revealed through the comparison of mean values of SSMs; future research is required
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