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Abstract: Due to the change of transportation mode and the lag of renewal and construction, it is 
a common problem that the historic waterfront neighborhood loses its vitality gradually. Walking 
actives have the built environment on the walking activities have been long proved. However, the 
relationship between accessibility and walking activity hasn’t been examined, especially in the 
historic waterfront neighborhood which has a more complicated urban form. This research used 
space syntax to measure the accessibility of Shang Hai Hong Kou port area. The result showed 
that 90% percent of the sDNA index can explain the real pedestrian flow. And retail commercial 
such as restaurant can make up for the lack of vitality due to inadequate accessibility.

1. Introduction

Recent years, researchers from urban planning and transportation and urban design have been 
studying how urban form is related to the daily travel behaviors such as walking, to promote 
the urban vitality and microeconomic environment of the community. Active transportation 
is consistently positively associated with urban form variables of greater mixed land-use, street 
connectivity, residential density, and combinations of these variables (Sallis J.F., 2004). Ur-
ban form is related to total amount of physical activity for both recreational and transporta-
tion purposes (Brownson R.C., 2004; Frank L.D., 2005; Giles-Corti, 2003; Hoehner C.M, 2003; 
Saelens B.E., 2003). One of the ways in which active travel is promoted is by altering the charac-
teristics of the built environment in which the individuals live and move, as it has been shown 
that the built environment has a clear influence on travel behavior and active travel in particu-
lar (Handy et al. 2002; Forsyth et al. 2008; Brownson et al. 2009). While daily walking behavior 
has been shown to be associated with features of the built environment such as density and 
land-use mix, it is also associated with walking and accessibility. However, the measurement of 
active accessibility is not straightforward and it can represent significantly different features of 
the built environment.

Accessibility is an important aspect of the built environment. With the difference of research 
question and problem, the definition of accessibility is not completely consistent. There are also 
many ways to measure accessibility such as distance measures, topological measures, gravity meas-
ures, cumulative-opportunity measures and time-space measure (Pirie, 1979). In 1976, Bill Hiller 



272 Jingwei Wu & Qi Yuan 

came up with the concept of “space syntax”, which is based on the theoretical basis of people’s di-
rect perception and experience of space (especially walking activity) in movement. It emphasizes 
the influence of visual perception permeability of space in cities and towns on summarizing the 
movement of people in a systematic sense. Since Many studies have demonstrated the applicabil-
ity of spatial syntax in interpreting accessibility (Yong Chen, 2014; Oh, Chung-Won, 2012; Rung-
pansa Noichan, 2018). It is helpful to analyze how residents understand and feel these complex 
spatial patterns in the medium and micro spatial dimensions. However, less attention has been 
paid to the correlation between specific descriptive characteristics of accessibility, such as inte-
gration, choice and depth, and the walking behavior patterns of people in specific areas.

Hongkou port, as the mother river of Hongkou district of Shang Hai, is an important devel-
opment axis of the evolution from Jiangnan water town to modern industrial and commercial 
city. At the same time, it is the only waterfront area with small-scale spatial characteristics in the 
downtown area of Shanghai. The history of Hongkou port roads construction can be traced back 
to 1848, when Chinese Americans built residential areas along with Zhapu road and Tanggu road. 
In 1863, the American concession was established here. In the second half of the year, the British 
and American concessions merged into the public concession and began to build roads along the 
river. In order to meet the integrity of the development of the road network, river reclamation is 
a common method in this period. At the beginning of the 20th century, the public concessions be-
gan to expand in a wide range to the north, and the road network gradually began to thicken and 
form a large number of branch roads. Since the 1940s, in order to form larger plots, many branches 
have disappeared and the density of the road network has decreased. Due to the rich historical 
development background, Hongkou port area has a large number of historical buildings, such as: 
residential, industrial plants. The Lilong buildings in the south of the region are well preserved, 
while the historic buildings in the north are seriously damaged, some industrial buildings have 
been transformed and updated into new entertainment spaces.

However, due to the change of transportation mode and the lag of renewal and construction, 

Figure 1. The evolution of water network and road network of Hong Kou Port from 1848 to 2017.
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a series of problems such as the decline of living environment, insufficient municipal facilities 
and weak economic development, have been caused.

This study contributes to understanding relationships between the syntactical properties of 
street design and walking behavior by examining whether space syntax measures in Historic 
waterfront neighborhood is associated with the walking patterns of residents in these commu-
nities, thus discovered the potential which revives the region vitality. It was hypothesized the 
GIS-based walkability index would be related to household travel patterns such as levels of 
walking and driving.

2. Methodology

This paper compares the changes of the road network and land use model in Hongkou port 
area since 1910, and explores its influencing mechanism. Then, through the synchronic study 
of activities, the distribution characteristics of local residents’ outdoor walking activities were 
analyzed, and the correlation between them and regional spatial morphological variables was 
discussed. 

2.1. Data and software

All data are brought into a geo-database using ArcGIS software. ArcGIS is used to store, com-
pute centrality indices and used to visualize the results. Spatial accessibility variables computed 
using Spatial Design Network Analysis (sDNA) 5 are used in this study. It is a set of multi-level 
spatial analysis techniques for urban networks. SDNA calculate centrality closeness and be-
tweenness centrality on network with user defined radius with different metrics: Euclidean, 
Angular, and Topological distance as travel budget. 

2.2. Mean Angular Distance (MAD)

MAD is defined as the mean (averaged per link) of the angular distance from each origin link to 
each possible destination falling within the network radius of the origin.It is an accessibility meas-
ure, in that lower values of MAD indicate straighter paths to destinations within the radius. Thus,

Where SAD(x) is the SAD for link x, z ∈ Ry is each other link y in Rx the radius surrounding 
x, d 0 (x,y) is the shortest possible angular distance along a route from x to y, and P(y) is the 
proportion of y falling within the radius.

Angular Betweenness (BtA)

Angular betweenness measures the frequency with which each link x falls on the shortest angu-
lar path between each pair of other links y and z, provided the Euclidean distance from y to z is 
within the network radius. For BtA, the network radius can be regarded as a kind of maximum 
trip length. Thus,

SAD (x) = Ʃy∈Rx dθ (x,y) P(y)
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Where BtA(x) is the angular betweenness of link x, N is the set of all links in the network, 
Ry is the set of all links within the defined radius of link y, P(z) is the proportion of y falling 
within the radius from y, and OD(y,z,x) is defined as 

The 1/2 and 1/3 contributions to OD(y,z,x) handle the cases of routes which terminate on the 
link of interest, and routes from a link to itself. (1/3 represents the average traffic for each point on 
a link assuming traffic is generated by the product of origin and destination link proportion). All 
measures were computed with sDNA software (Chiaradia et al. 2014, Cooper et al. 2014).

2.3. Built environment

Topological relationship between line segments is quantified by a series of configuration mor-
phological variables integration, choice, connectivity, control and depth-through a digital 
model. Other spatial information of the region, such as land use, storefronts along the street, 
distribution of historical buildings, etc., are mainly obtained through on-site surveys, histor-
ical maps, local Chronicles and other documents. Since privious researches have consistently 
proved the significant effect of walkability on walking behavior.

We also used other variables such as nocturnal activity point, block entrance, public green 
space, street activity (the positive features include the scale relationship between street and 
building and the presence or absence of landscape and plants, and the negtive features include 
empty of the retail and if there are any construction being built ), Street interface(The continu-
ity of the buildings along the street).

2.4. Walking activities

The survey of walking activities in the region mainly includes the working days and weekends 
when the weather is fine, and records the pedestrian traffic volume and walking stay position 
of residents in different time periods. Pedestrian’s gender (male of female) and age were also re-
corded. Age is divided into three categories: no more than 20 years old which most of them are 
students, older than 20 but no more than 60 who are mostly still work,so we hypothesised that 
these two groups will have more commute travel during weekday and more leisure travel during 
weekend; people who are older than 60 are mainly retired, so we hypothesised that most of their’s 
walking activities will be leisure. Specifically, the walking activity data were obtained from the 
record of the total walking flow at 35 observation points (each observation point included data 
collection of two sidewalks on both sides of the street) in the region in 5 periods of the daytime 
(7:00-9:00,9:00-11:00,11:00-13:00,14:00-16:00, 16:00-18:00) in one working day and one weekend day. 
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3. Analysis/Results

3.1. Urban morphyology 

We compared the changes of building texture in hongkou port area from 1948 to 2017. The study 
found that Wusong road, Xinjian road, Changzhi road, Zhoujiazui road and other roads were 
widened on a large scale. The buildings of some plots were demolished, and the whole plot be-
came an empty land or green land.As a result, the density of buildings in 2017 was much lower 
than in 1948.

Historical buildings are an important part of regional cultural resources. Therefore, we in-
vestigated the construction time of all historical buildings in the region. The 1920s and 1930s 
were the period of the fastest development in the region, with large-scale construction of li-
long buildings and warehouses. After 1950s, there weren’t lots of new buildings, mainly were 
renovation and reconstruction. After 1980s, multiple plots were merged to produce large-scale 
commercial residential buildings.

Nowadays, most of the land use are residential, office building are located in the central 
area while the retail and shopping mall are all located in along the Huang Pu river. Most of the 
buildings in the area are for residential use, while the buildings along the street are mixed for 
commercial and residential use, the lower floors are used for retail. Apart from daily food and 
groceries, the main business types in the residential area are small workshop industries such as 
hardware processing and warehousing of logistics companies. This type of business mainly serves 
local residents, and there is no obvious division between them. Commercial land is mostly single 
office buildings for rent, and there are also large commercial hotel complexes.These formats are 
relatively independent and have clear spatial distribution boundaries with residential areas.

Most commercial types are small restaurants, but also some grocery and retail stores, 24-hour 
convenience stores, entertainment and leisure and some small hotels. Most business types are 
small restaurants, but also some grocery and retail stores, 24-hour convenience stores, enter-

Figure 2. The building texture in Hong Kou port area from 1948 to 2017.

Figure 3. Historical building construction period.
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tainment and leisure and some small hotels.Retail is so concentrated in the streets that there 
are some streets with no retail on either side. The main types of local shops are daily catering 
and consumption for residents.Most of these shops are small, poorly equipped and less attrac-
tive to migrants.In addition, the lack of accommodation services inside the base also has a neg-
ative impact on the diversity of the local population and the tourist experience.

Based on the scale of the street and the buildings around the street, whether there is land-
scape or green plants on the street, we evaluated the active streets within the study area.On the 
other hand, if the retails along the street are dilapidated or vacant, or there are buildings under 
construction around the street, we will consider these as relatively negative factors.

Figure 4. Land use of Hong Kou Port.

Figure 6. Positive streets.

Figure 5. Historical building construction period.

Figure 7. Negative street.
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3.2. Space syntax 

We analyze the accessibility of the pedestrian network in hongkou port area with a radius of 
300m,400m,500m and 800m respectively, and study their MAD and BtA respectively. According 
to the data, the MAD and BtA values of different streets have little difference. Compared with the 
other two completely different areas of Shanghai road network under the same conditions, we can 
find that the street network in hongkou port area is relatively uniform due to the small difference 
in accessibility, and no aggregation area with high accessibility has been formed.

We fitted the accessibility value calculated by sDNA with the actual observed human flow 
data, we found that the data fitting degree of 7 observe points was low, so we deleted them. The 
reasons for the low fitting degree may be due to emergencies, mean errors, or the demolition of 
buildings around the street.

3.3. Data analysis

Linear regression models were used to measure the correlation between built environment and 
walking behavior. Since all of the VIF value are no more than 10, there were no collinearity situation.

Walkability and BtA(R=300) are significantly correlated with average hourly pedestrian flow.

Figure 8. BtA value in different radius 

Figure 9. Coefficient result.

R=300 BtA of Hong 
Kou port

R=500 BtA of Hong 
Kou port

R=500 BtA of Xu Jia 
Hui

R=500 BtA of Xu 
Jia Hui with under-
ground connection
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4. Discussion/Conclusion 

Patterns of land use and street network have been linked with a wide variety of behavior and 
environmental consequences. In particular, commercial development with separate uses has 
been associated with commute walking, leisure walking, and public health. Improvements in 
the measurement of land use could contribute to advances in research in health, transportation, 
and behavioral and social science disciplines. Because there are socioeconomic and racial/ethnic 
disparities in most health outcomes related to land use, it is important to understand the health 
effects of environmental variables in diverse populations. The purpose of the present article was 
to develop, test, and apply a method of neighborhood selection for environment and health 
studies combining walkability and socio-demographic factors.

Based on the results of spatial syntax, we can find that the street index value of MAD and 
BtA is relatively similar, and the overall road network structure is relatively homogeneous. 
There’s no cluster area with high accessibility been formed. Therefore, we believe that road 
network density cannot simply be used as an indicator to evaluate the accessibility of an area, 
because it is still not contributing to establish a place where a large number of people can be 
attracted and gathered. And based on this case study, the traditional residential water-front 
areas have difficulties to be transformed into agglomerative commercial district due to the grid 
– like uniform shape of the road network. In places with low accessibility, the concentration 
of people is mainly due to the land use mode and the concentration of a large number of retail 
businesses. For local residents who are familiar with the road network structure, there is no 
negative impact, but it is not attractive to potential tourists in the future. That also means these 
retail businesses won’t have a chance to grow.

Since the 1980s, many roads have been widened, which made the area enclosed by four main 
roads closed, making it more difficult for peripheral pedestrians to enter. On the other hand, 
due to the lack of crosswalks, the pavement in the road network is not continuous, which fur-
ther increases the difficulty for this area to communicate with the outside. This indicates that 
the degree of pavement continuity has a significant impact on the accessibility of the entire 
street network.

In addition, the roads in the waterfront area are parallel to the river, while the number of 
branches directly perpendicular to the river is very small, which directly affects the accessibility 
of the riverside area.

Analysis of accessibility in the context of the research has revealed that the impact of prox-
imity to the commercial land use on the distribution of walking activities is continuously weak-
ening, while the integration of streets is becoming more and more important. The results of the 
morphological analysis of temporal-spatial evolution can be used for the prediction of their 
future development.
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