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2. Abstract 

In the past decades, China’s rapid urbanization has triggered the issue of 

population concentrates and urban sprawl. The problems brought by the motorized 

vehicles and increasing demand of bicycle and pedestrian travel have drawn extensive 

attentions in urbans studies. Walking, as one of the most traditional travel behaviour 

and lifestyle, is challenged by the modern urban development. Especially in the 

railway station surrounding areas, pedestrians walking is under threat by heavy transit 

passengers, dense urban space and the massive amount of passing-by vehicles. How 

to integrate transit-oriented development (TOD) areas and establish an efficient 

walking system is a major issue and grand challenge. 

Therefore, under the background of urban sprawl and the revival movement of 

walkable city, the research study presented in this dissertation aims to build and apply 

a quantitative method to discuss the integration correlation between pedestrian flow 

and urban space. The central goal of this study is to develop an approach to measure 

walking service efficiency by considering pedestrian flow and spatial coordination, 

and to analyse their mutual relationship. This can then be put forward to support the 

planning strategy to encourage the effective walking behaviours around TOD stations. 

Thus, the objectives of this study are: 1) to identify the issues and evaluation content 

of walking space; 2) to evaluate the walking service efficiency of TOD areas; 3); to 

build a quantitative method to analyse the mutual relationship of spatial organization 

and walking service efficiency; and 4) to better understand the influence mechanism 

of spatial organization and walking service efficiency in TOD areas. 

This study applied the pedestrian simulation method based on the Social Force 

(SF) model to investigate the pedestrian flow movement and its distribution, as well 

as to conceive planning scenarios and build the statistical regression model to explain 

the relationship between urban space and walking service efficiency. The big data of 

ridership records of Shenzhen metro stations, Point-of-interest (POI) surrounding 

Shenzhen railway stations and the OpenStreeMap (OSM) of street networks were 
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used to investigate walking and spatial characteristics. An agent-based software, 

Anylogic, was used to simulate the pedestrian movement and predict the walking 

distribution of different scenarios. Overall, 253 streets surrounding nine TOD stations 

were selected as study areas to simulate the walking behaviour and evaluate the 

relationship. 

To evaluate the spatial organization of TOD areas, the spatial factors including 

land-use structure, streets pattern and traffic management were assessed with ArcGIS 

based on POI, OSM data of 2016 and a field survey conducted in 2017. The spatial 

organization indicators (land use function, density and diversity, street depth, connect, 

control, integration, betweenness, road hierarchy, pavement hierarchy, walking 

distance, spatial organization mode) have been calculated as independent variables. 

To estimate the walking service efficiency, this study considered the service level and 

coordination with space as the primary dimension. Four dependent variables (walking 

speed, pedestrian volume, congestion imbalance and spatial sensitivity) were 

extracted. To investigate the relationship between pedestrian traffic and urban space, 

the quantitative measurements of simulation and Partial Least Square (PLS) 

regression were established. A simulation model was proposed and verified. With 

scenario simulation and statistical analysis, it compared the change characteristics of 

walking efficiency under different spatial organization scene. The change rules and 

key spatial influencing factors were identified from the PLS regression models.  

This study expanded the walkability concept by efficiency and explored the 

quantitative way of deciphering walking service efficiency with respect to spatial 

organization by using simulation and big data methods. The combination of research 

methods for transportation and computer simulation has solved the problems from 

huge pedestrian volume and hard-obtaining data of walking movement experienced in 

previous studies to some extent. It contributed an integrative framework to better 

understand the mechanism of walking behaviour in TOD areas by analysing the 

relationship between pedestrian flow and spatial organization. The findings of this 

study can provide practical reference for planners, designer and policy makers 
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regarding how to improve the walking efficiency of TOD area and promote the urban 

vibrancy. 
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1. CHAPTER 1 INTRODUCTION 

It is not uncommon that the transit station areas are planned under the principle 

of walking promotion. As one of the most important and traditional traffic means, 

walking, not only impacts the transit to railway station, but also plays a significant 

role of travel behaviour in daily life. By comparing the walking conditions from 

different areas around railway stations in a city, this study works to explore how to 

effectively encourage and promote walking by guiding passengers flow more quickly 

around railway stations, as well as improve the construction and guide future planning 

of railway station areas. 

The research in this study are dissected in a specific context. Therefore, it’s 

essential to define the research object, research content, research approach and 

methodology before getting into case studies, summaries and withdrawing necessary 

characteristics for references for future urban planning. 

1.1 Research Background, Objectives and Implications 

1.1.1 Research background 

1. Changes in transportation planning amid urban development 

transformation 

In the past decades, Chinese cities expanded increasingly and developed rapidly. 

Numerous urban streets have been extended and expanded to meet the increasing 

traffic demands, with the rapid development of economy and technology as well as 

longer individual travel distances. Motorized traffic has changed the way that people 

live and work, and affected cities outlook. In recent years, the urban structure and 

form are influenced by the globalizing economy development. Urban resources are 

being rapidly consumed. Economic structural imbalance has been exposed more than 

ever. Increasingly severe environmental pollution and traffic jam are also challenging 



 

2 

 

urban residents’ life qualities. To ensure a more livable and sustainable urban 

environment, the Central Government has put forward the concept of urban lives 

development, in a bid to guide as well as promote the transformation of urban 

development, adjust the breakneck development mode of big cities. It aims to achieve 

new urbanization with intensive economic operation, eco-friendly and harmonious 

development. It works on approaches to adjust the economic structure and explores 

better ways for urban development transformation under the New Normal. The recent 

Central Urban Work Conference has made clear the main directions and 

implementation methods for China’s current urban transformation. It can be said that 

China has ushered in a new era of urban development. 

It will have huge significance if the transportation planning can be compatible 

with urban development. Transportation serves as a dominant force in urban structural 

transformation. Efforts to integrate transport infrastructure into urban structure 

properly can strengthen the urban spatial structure, providing efficient and convenient 

transportation services for residents. As suggested by urban planning experiences at 

home and abroad, it’s problematic with private vehicle as the main transport mode. 

This Automobile-oriented Development (AOD) can lead to traffic congestion, 

environmental pollution, urban sprawl and suburbanization, imposing detrimental 

effects on health as well as urban environment. That is why, many countries and 

regions started to promote public transportation and walking over private vehicle use 

as the main comprehensive transportation development strategy, after suffering energy 

and environmental crises as well as the loss of urban center. 

In recent years, China’s urban transportation planning has been shifting from 

private vehicle to non-motorized dominated traffic mode. The “Public Transport 

First” strategy has become the globally mainstream against the rising number of 

private vehicles and traffic congestion. It manifests a new way of shaping urban 

morphology which features urban public transport as the main transport mode, and 

urban public transport as the leader in urban development. It’s actually the best urban 

morphology under constraints such as resource, environmental and security concerns, 
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an urban developmental model in terms of overall efficiency and social and 

environmental benefits. By promoting urban public transportation as the leading force 

in urban development, emphasizing the harmony and compatibility between urban 

public transportation on the one hand and urban habitat, environment, structure, 

function and spatial layout on the other. This realization can be considered as a leap in 

solving urban and transportation problems, both theoretically and experimentally. It 

ensures in the first place that urban public transportation tools take the bulk of urban 

traffic, and ensures to provide a diversified public transportation service network, as 

well as efficient transportation management overall and human-oriented 

transportation policies. Meanwhile, other green transport modes such as biking and 

walking should be included in this system too as a support to the public transportation 

concept in terms of transportation resource distribution. 

Urban rail transport has been a kind of public transportation infrastructure highly 

promoted by China, which can fulfill multiple social development goals. It can solve 

traffic congestion and environmental problems in major Chinese cities, by providing 

advanced public transportation services for cities with high population density. 

Therefore, it has become an indispensable mode of transportation in many cities. 

China’s urban rail development has entered into its peak period of massive 

construction and promising development. By the end of 2016, 16.09 billion 

passengers travelled via urban railways. 30 mainland cities operated their rail 

transportation systems with 133 routes totaling 4152.8 kilometers. 21 cities boasted at 

least 2 rail lines. Besides, 58 cities have gained approval from the Central 

Government in their rail network planning which totals 7305.3 kilometers (China 

Association of Metros, 2017). More rail lines have been opened, welcoming a 

constant rise in the number of rail passengers. The transportation system has become 

more and more diversified. The development of rail operation network has gained 

momentum. In general, urban rail transportation has become an important part of 

sustainable urban transportation development. 
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2. A lack of urban slow life brought by rapid urban development 

China’s economy has been booming ever since the 1979 reform and opening up. 

The urban combined effects are getting more and more obvious. Although urban 

residents have become used to the fast-paced and efficient lifestyle amid the rapid 

urbanization process during the recent years, all the resulting “urban diseases” from 

such rapid development are actually spoiling the health and quality of people’s lives. 

Problems, including the population explosion, environmental degradation and traffic 

jams, have brought much housing, working and survival pressure, not only creating 

extra burdens of living so as to bring about mental and physical diseases on urban 

residents, but also constraining further urban development. As the urban mobility 

seems to be rising infinitely, even walking as the most basic transport mode has been 

ignored to a great extent. Indeed, urban walking space is being constantly edged out. 

Thus, urban spatial morphology is losing vitality and diversity. 

By contrast, a “Slow-paced life” concept caught on in Italy in 1980s, which 

promoted a slower life for urban residents in order to regain relaxation and harmony. A 

series of initiatives were launched such as “slow dieting” “slow travelling” and “slow 

exercising”. Meanwhile, the CittaSlow theory was put forward as well. Cittaslow was a 

brand-new urban development model against excessive urbanization and rapid pace of 

life, which aimed to make good use of the bright side of globalization without causing 

harm, meanwhile maintaining community uniqueness. Up to now, 145 cities from over 

125 countries have joined in the International Cittaslow Alliance. Yaxi, Gaochun 

county in Jiangsu province was certified as an International Slow City in 2010. It also 

held the Rejuvenation and Development Conference of Yaxi. An International Slow 

City in 2018, and released the Manual for China’s International Slow Cities’ 

Development with other 6 Chinese cities, which set a national standard for the slow city 

development. 

In such slow cities, walking is promoted as the main transportation behaviour 

while private car use is strictly restrained in terms of international slow city 

development (driving speed below 20km/h). As the first international slow city, the 
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Italian city of Oriveto works to lead a slow life by prohibiting car use and encouraging 

walking. The Manual for China’s International Slow Cities’ Development has also 

specified its requirements on the use of transportation tools. It also sets that the width of 

biking or walking lane towards public buildings should account for no less than 1/4 of 

the whole road width.  

The “Slow Life” concept has already a long history in China. From the traditional 

five Chinese entertainments, tea, perfumes, flowers, books and music, to how ancient 

scholars looked at material pursuits such as fame and wealth, the philosophy of slow 

life has been embodied everywhere. Even many traditional Chinese towns still retain 

their original lifestyle and enjoy an urban structure similar to slow cities. Many scholars 

consider that promoting “slow life” and “slow city” can play a guiding role in building 

unique Chinese cities which are meanwhile pleasant to live in (Jiao & Zhang, 2015). 

Some scholars are also exploring how to expand the scope of “Slow City Lifestyle” 

from small towns to big cities as a community-building form (Yan et al., 2012). This 

goes hand in hand with the rapid urban development. To promote a healthy and new 

urban lifestyle has significant meaning for cities to regain control and rhythm. 

3.The neglect of walking service efficiency around TOD stations 

In China, the demand for rail transportation and walking space is increasing. 

However, walking service efficiency often get overlooked. On the one hand, under the 

background of the rapid development and transformation of Chinese cities, the 

contradiction caused by the automobile-led traffic planning mode is becoming 

increasingly serious. With the improvement of China's economy, people now pay more 

attention to their living environment and living conditions. A series of problems, such 

as the pollution of the urban ecological environment, the decline of residents’ physical 

fitness, the indifference of social relations and the lack of public cultural life caused by 

motor traffic, make the lack of humanization of cities a pressing issue. People are 

gradually reawakening to the necessity of public transport and walking behaviour as 

urban transport and life, which, in fact, cannot be replaced by motor transport. China 

needs to pay attention to the planning and design of urban public transport and walking 
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space under the new normal.  

The above problems can be improved through excellent planning and design of 

public transport and walking spaces. The urban renewal has accelerated since the 1990s, 

and the construction of walking systems has become the focus of urban traffic 

optimization. In 2013, the Ministry of Housing and Urban-Rural Development of 

China issued the Notice of the Ministry of Housing, Urban and Rural Development on 

Developing Demonstration Projects of Urban Pedestrian and Bicycle Traffic Systems, 

requiring about 100 demonstration projects of urban pedestrian and bicycle traffic 

systems to be completed by 2015. Meeting this target would mean, the sharing rate of 

walking and bicycle trips would gradually be increased, and the railway stations area 

would be classified as “Class I” walking area. In 2016, the Ministry of Transport issued 

the 13th Five-Year Plan Development Outline of Urban Public Transport to 

comprehensively construct a public transport system in line with the economic and 

social development, in which improving slow traffic and walking system were the 

focus of work. At present, many cities in China are actively advocating and realizing 

the construction of railway transit and improvement of the walking system, thus 

meeting the growing diversified travel needs of the crowd. 

On the other hand, with the change of population structure and the acceleration of 

the aging process in China, public transport and walking become the main mode of 

transportation for most of the elderly, because most of the elderly cannot drive a motor 

vehicle to meet their own needs. According to the Research Report of Trend Forecast 

for China's Population Ageing released by Office of the National Commission on 

Ageing, China's ageing level will reach 17.17% of the total by 2020, and the elderly 

population will reach 248 million. By that time, the country will face the dual pressures 

of aging population and overpopulation. As a result, the trend of future development is 

to provide diversified and varied traffic choices for people of different ages. Elderly 

people usually have more leisure time and richer activities, so their travel destinations 

will be more extensive. With the increased numbers of this group, vigorously 

developing public transport and railway transit and improving the surrounding walking 
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environment design is an important way to guarantee the quality of daily life of people 

of all ages. 

In addition, China's urban construction is moving from extensive development to 

fine design. For urban space, the optimization and improvement and potential 

exploitation of the design of railway station nodes and walking environment have 

become an important development path for cities to move towards higher quality and 

achieve better functions. Only by conducting highly targeted research on the 

micro-environment and putting forward practical strategies, can the quality of the 

whole city be upgraded and the purpose of urban fine design be achieved. 

Faced with the above needs, China should promote walk-oriented traffic in the 

surrounding areas of railway stations. Although many railway stations in foreign 

countries pay attention to private transport transfer and parking facilities around them, 

it is not realistic to transfer railway transit by motor transport based on the complex 

urban structure with a high population and high building density in China. Advocating 

walking is an important and effective means to maximize the use of railway station 

space and improve the overall urban transport system. It is also an important measure to 

improve the urban living environment and achieve livable and sustainable 

development. 

4. Global walking promotion 

Walking as a main transportation mode has regained popularity across the globe. 

Now many international cities are starting to explore ways to build a walking-based city. 

Walking is not just a type of travelling behaviour and lifestyle. It has also become an 

important signature for cities that are pleasant to live in and be healthy, as well as a 

standard regarding how developed a city is. A walking initiative has been launched 

globally. 

In terms of urban space, both the U.S.A. and many European countries are actively 

promoting the readjustment of walking space. London, the U.K., proposed to build, in 

three phases, a walking network by integrating all the city-wide scattered walking 

space. In 2016, the Transport for London Bureau tried to encourage walking by 
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releasing walking maps and timelines as well as building special walking streets. For 

instance, it marked on the walking map how many steps should be taken between 

different metro stations in the city center. Also, it released the timeline suitable for 

walking in key business streets (zone 1-2) together with newly planned metro stations 

to serve tourists and local residents. In 2017, the Transport Strategy announced that the 

western part of Oxford Street, the most famous business street in London, would be 

transformed into a walking street. Zaha Hadid Architects put forward its “Walkable 

London” proposal on such occasions, which aimed to create dynamic pathways 

everywhere by building a fully covered walking network. This was in response to the 

general trend of integrating separate walking space rather than allowing such space to 

develop on its own. New York, in the U.S., also started its 10-year spatial renovation 

project in 2008 with walking as its planning and design highlight in the Times Square 

and Broadway areas. It aimed to build more attractive city streets to foster urban 

prosperity through walking.  

In terms of the promotion of walking behaviour, the Association For International 

Sport For All (TAFISA) initiated the World Walking Day in 1992, which gained strong 

support from the World Health Organization (WHO). By 2005, millions of participants 

from more than 72 countries had participated. The United States and the United 

Kingdom also launched the "Walking Bus" programmes and set up the "Walking 

School Day" to train students to walk from an early age. These were then promoted in 

Italy, Spain, Australia, New Zealand and many urban areas of North America. Many 

cities in Italy, Germany, Stockholm and the United States launched half-day or one-day 

"walking tour" projects, allowing tourists to view the city's culture and customs and 

experience the daily life of local residents’ in a short time through linking city 

attractions and major characteristic areas with walking, and forming a unique 

experience perspective. The United States also set up the Walk 21 Association with 19 

countries, including the U.K., Canada, Australia etc., to encourage and advocate 

walking, so as to strengthen the construction of urban public space. In addition, the 

American Planning Association formed the Smart Growth Alliance with more than 60 
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public organizations to promote economic, environmental and social harmony by 

encouraging walking as the main way to protect open space and create a comfortable 

environment. 

International experience and theoretical results on walking-oriented construction 

are becoming more and more abundant. A total of 875 literature records can be obtained 

by searching the "walkability" related keywords in the database of Web of Science for 

over the past 10 years, of which 813 come from the core collection. There are 72 

research disciplines involved, including public environmental occupational health, 

general internal medicine, environmental science, ecology and so on. The number of 

papers published and cited each year also shows an upward trend, soaring from less 

than 10 in 2006 to more than 140 in 2014, and 5 papers were cited more than 1000 times 

in 2003, showing the great enthusiasm and rich academic achievements in the 

international academic field. 

1.1.2 Problem statement and research questions 

Based on the aforementioned background, the problems existing in the 

development and practice of pedestrianisation in China's TOD area include: firstly, 

there is a lack of synergistic correlation between urban space and traffic development 

around railway transit stations, and it is difficult to fully coordinate the traffic and 

urban demand because of the independent planning progress. Secondly, the heavy 

walking demand cannot be fully supported because of the weak connection between 

macroscopic urban planning and microcosmic humanized behaviours. Thirdly, the 

complex performance of walking efficiency is difficult to measure.  

Therefore, the central question of the dissertation is: How does the spatial 

origination integrate with walking service efficiency around TOD station areas 

and how to control the effect? 

By “spatial origination”, we refer to the key spatial factors of the TOD area, and 

extract the organizational pattern from. Thus, we endeavour to answer the following 

questions: What space elements and spatial organization of TOD areas are 
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related to walking behaviours? How to qualitatively demonstrate these 

dependent variables? 

By “walking service efficiency”, we refer to the level of pedestrian service and 

spatial coordination. The sub-research questions include: How to construct an 

evaluation system of the TOD area space under the walking-orientation? How to 

assess the quality of walking service efficiency? 

The relationship and evaluation between spatial origination and walking has 

been already subject to some study, but mostly from the perspective of objective 

environment assessment or subjective satisfaction. Our understanding of the role of 

urban spatial origination on walking service efficiency focuses on the pedestrian flow 

distribution. The current study will answer the following questions: What is 

integration relationship between spatial organization and pedestrian flow? How 

to achieve the efficiency of the spatial organization of TOD area under the 

walking efficiency orientation？ 

1.1.3 Objectives and significance of the study 

1. Aim and objectives 

The main purpose of this study is to apply a quantitative simulation method to 

discuss the integration correlation between pedestrian flow distribution and urban 

spatial organization, as well as develop a planning approach to improve walking 

efficiency via the spatial organization. In particular, the key objectives involved 

include: 

⚫ To identify the spatial elements and the organizational mode that affect 

the walking behaviours in the TOD area.  

⚫ To evaluate the degrees of walking service efficiency in the TOD area. 

⚫ To build a quantitative method to analysis the mutual relationship of 

spatial organization and walking service efficiency. 

⚫ To understand the influence mechanism of spatial organization mode 

and walking service efficiency in the TOD area. 
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2. Research significance 

This study reconstructs the effective walking-oriented urban form under the 

transformation from car-based to public transport and pedestrian-based in the TOD 

area, and ultimately help to reduce the dependence of urban residents on private cars 

to promote the transit development and urban vitality in China. In view of this, there 

are three aspects of significance, relating to: Theory, Research Methods, and Practice, 

as explained in the following paragraphs. 

In theory, this study attempts to improve the walkability content around the 

railway station in China, and pertinently combines the theory of walking efficiency 

with urban planning and design. This study, with the purpose of improving walking 

efficiency and the surrounding area of urban railway transit stations as the research 

object, attempts to extend the theories and principles of urban planning, transportation, 

environment, geography and other related disciplines to the study of the urban spatial 

environment and explore the new ideas for spatial planning and design of urban railway 

stations in China. Finally, from the perspective of urban space, this study interprets the 

goal of adopting a walking orientation from the perspective of human demands and 

comprehensively and systematically analyzes and studies the role of cities in promoting 

walking behaviour, so as to provide support for the construction of compact and healthy 

cities. 

In terms of research methods, this study transfers the theories and methodologies 

of transportation to the urban planning field. Through the research methods of traffic 

demand forecasting model and social force model in the transportation field, this study 

provides support for optimizing the organizational model of the urban space from the 

perspective of traffic and pedestrian dynamics. To a certain extent, it fills the gaps of the 

traditional field survey methods, and provides a reference for the evaluation 

establishment. 

In practice, this study provides a certain point of reference for compact city 

development at a station level. For the development of railway station area and walking 

space, this study puts forward corresponding planning and design proposals for the 
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space organization of the railway station area in nine individual station areas, so as to 

further improve the urban walking system and urban traffic mode in China. As the 

urban space design around railway transit in China is still in the development stage, its 

evaluation system, research methods, research content and so on have not yet been 

formed into a recognized system. Despite the increasing number of related studies 

worldwide, the research system of urban planning around railway station area in China 

still has room for improvement. Therefore, this study accords with the objective reality 

of our country in the case of Chinese cities. 

1.2 Scope of the Study 

1.2.1 Railway transit station under TOD concept 

1. Urban railway transit and TOD concept 

Nowadays, there are various types of international urban railway transit systems, 

leading to a lack of a unified definition. In the China Technical Code of Urban Railway 

Transit (GB 50490-2009), the urban railway transit system is defined as “an urban 

public transport system with the specialized rail-guided, including subway system, 

light rail system, monorail system, tramcar, maglev, automatic orientation rail system 

and urban railway system”. Currently, there are three types of urban railway transit 

system which transport planners in China mainly concentrates on, namely, the ground 

railway system (tramcar), underground railway system (subway), and over ground rail 

(light rail). From the perspective of urban planning, the urban railway systems, such as 

light rail and tram, have to share the road with other vehicles. The subway does not 

have to share the space with other motor vehicles, so in practice it was the most 

frequent option chosen in Chinese cities. Therefore, the context in this study focuses on 

the interaction between railway stations and urban spaces, and the research subject 

mainly refers to the urban subway transit stations.  

The study cases are from Shenzhen. Although there are some sections of metro 

railway over the ground (some stations in line 4, 5 of Shenzhen,), they are still within 



 

13 

 

the scope of the study since they are constructed as a subway rail system. Therefore, the 

subjects of analysis for this study are the all 118 stations within lines 1 - 5 which have 

been operating up to the year 2016 in Shenzhen. 

The TOD strategy was introduced as the main approach in 2000 in Shenzhen, 

guiding the city from “car-based development” towards “metro-rail-based 

development”, and so leading to the rapid expansion of the inner city. Therefore, the 

study mentions TOD to help understand and explain the characteristic of the railway 

station areas in Shenzhen. 

2. TOD station area 

The station catchment area mentioned in this study refers to the surrounding 

realm that pedestrian flow and urban facilities are both substantially superior to the 

forane areas. In this study, the range of station areas is firstly considered from two 

definitions: the pedestrian catchment area (PCA) and the land-use catchment area 

(LCA). The division of crowding level of pedestrians by taking walking areas as a 

criterion, by taking the station as the central point and 15 minutes’ walk（approximate 

800 meters）as radius, the circle area as the reasonable activity space and the crowding 

level is relatively high.  

In addition, based on the street network, the boundary of an urban block will be 

considered as a cut-off line. Considering of ranking in intensity of function, in the 

period of station’s construction, the density gradient of facilities within station area 

which declines while distance among stations increases is taken as criterion. When the 

significant decline of density gradient stops and maintains a stable value, at which the 

slope of density gradient is less than 1, it represents the point at which there is no 

influence on intensity of function by stations. This value will be utilized to influence 

boundary of land-use catchment area of the walking space. After a comparison of 

stations, most of them have a similar LCA boundary (800m). Only the boundary of 

Lingzhi station has a wider LCA (1300m) than the other eight target stations. For ease 

of calculation and for consistency, the study takes the same influenced realm as a 

criterion regarding the catchment area based on an 800 meters radius. However, 
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considering the block boundary of each station, there are slight differences between 

each area around the stations. The detailed calculations can be found in Section 5.1.3.3. 

1.2.2 Spatial organization 

1. Spatial factors in the TOD station area 

This study focuses on the spatial area from the station level. The spatial factors 

including three dimensions: 1) Function Structure; 2) Street Network; and 3) Traffic 

Service. For the quantitative analysis, the function dimension is divided into: 

Commercial; Office; Residence; Public services; Green spaces; Utilities; Transit 

facilities; Diversity; and Job-housing balance variables. The street network dimension 

is divided into: Depth; Connect; Control; Integration; and Betweenness. The traffic 

service is divided into a hierarchy of different road types (expressway, rapid road, 

arterial road and branch road), the width of motorway and width of pavement, the 

walking distance. 

2. Spatial organization mode in the TOD station area 

In this study, the spatial organization mode is defined as the spatial distribution 

and combination rules of various spatial elements within the station catchment areas. 

Thus, three spatial organization modes have been extracted： Node-based; Circle-based; 

and Corridor-based. The detailed discussion can be found in Section 3.4.1. From the 

aspects of the function structure, the street network, and the traffic service, the 

approach adopted in this study is based on the combination feature of spatial elements. 

By this approach, it can describe the multi-level characteristics of spatial organization 

and reflect the innovative results. In the calculation, this variable is integrated into the 

traffic service aspect. 

1.2.3 Walking service efficiency 

The walking service efficiency mentioned in this study refers to the status of the 

pedestrian flow within the catchment area, rather than the objective supportive level or 
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the subjective satisfaction of the pedestrian environment. Owing to the fact that the aim 

of spatial organization is to achieve a certain goal, the pedestrian orientation is one of 

the most important criteria that can make the spatial organization meaningful and 

valuable, and it can be used to appraise the rationality of the spatial organization. 

Combining the feature of pedestrian flow efficiency with the theory of the spatial 

organization, the walking service efficiency mentioned in this study is to build the 

spatial order of the TOD with the goal of promoting the efficiency for traffic-oriented 

walking. 

 Therefore, for the study of the walking service efficiency in urban space, the level 

of walking service and its spatial coordination are the two main components in this 

study. Walking speed, Pedestrian flow volume, Congestion imbalance and Spatial 

sensitivity are calculated as the indicators. The methods of the simulation are employed 

to build the entire system constituted by the different elements in the urban space, to 

analyze features and distribution of pedestrian movement, and to help fully understand 

the urban railway station realm. 

The overall research concept and scope can be found in Figure. 1.1. 

Figure 1.1 Research scope of the study 
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1.3 Research Content and Methodology 

1.3.1 Research content 

Following the research stages of “question raising — theory framing — empirical 

research — analyzing and summarizing”, the thesis is divided into four parts and seven 

chapters. The main contents present as following: 

 (1) Base research: Chapter 1 and Chapter 2 

The first chapter depicts the related background, introduces the research themes 

and objectives, defines the concepts and contents of studying subjects, presents the 

research and practical value of this thesis, and lastly clarifies research contents, 

methods, as well as highlighting its innovation and research framework. 

The second chapter reviews the related literature. This chapter is the foundation of 

TOD spatial organization and evaluation of walkability. The relevant research theory, 

evaluation system and frequently-used research methods will be discussed to pave a 

way for building the theoretical framework and evaluation system of this thesis. 

 (2) Theoretical research: Chapter 3 and Chapter 4 

The spatial elements and organization mode of TOD area will be discussed in the 

third chapter. These refers to four aspects: 1) functional facilities; 2) street patterns; 3) 

traffic flow organization; and 4) catchment area selection. Specifically, this chapter 

analyzes the connotation and characteristics of the spatial organization, the 

classification of the spatial elements, the features of Shenzhen, and the research 

framing of TOD spatial organization; it also constructs the foundation of independent 

variable elements for quantitative research. 

Next, the walking service efficiency will be explicated in Chapter 4. This also can 

be divided into four parts: 1) walking characters and value; 2) the relationship with 

urban space; 3) the current problems of walking; and 4) the evaluation system and 

index construction. In this chapter, the evaluation system of the TOD walking service 

efficiency is presented and the dependent variable elements in quantitative research are 
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constructed.  

 (3) Simulation and quantitative analysis: Chapter 5 and Chapter 6 

Both simulation and quantitative analysis are employed to empirically investigate 

nine TOD station areas in Shenzhen. With the Big Data from 118 stations on five metro 

lines opened before 2016, and the developments of computer simulation technology, 

the surrounding space and the pedestrian flow around nine TOD stations can be 

accurately measured by the combination of simulation and field survey. In Chapter 5, 

the simulation model and its synthesis is explained and justified.  

After that, in Chapter 6, the relationship between TOD spatial organization and 

walking service efficiency indicators is generally examined by mathematical statistical 

methods. In addition, six scenarios of each station are proposed to explore the 

relationship between walking service efficiency and the spatial organizations. The 

changes of spatial elements, street pattern and travel condition, as three aspects of the 

spatial organization concept are presented. The resulting changes in walking service 

efficiency are presented and evaluated based on the simulation results. Thus, the 

relationship between the spatial organization and the walking service efficiency can be 

investigated. 

 (4) Conclusions: Chapter 7 

This chapter discusses the results of TOD spatial organization, and draws the 

conclusions of the study. The conclusions mainly highlight and summarizes the core 

research approach, its rationale, key concepts and their relationships, refines the 

research results, and puts forward the optimizing suggestions for the future studies.   

1.3.2 Methodology 

This thesis is target-oriented, following the direction of ‘theoretical discussion — 

empirical analysis — relationship exploration — planning suggestion. By taking 

Shenzhen as an example, this study employs the POI data from the Gaode on-line map 

and the street data from OpenStreetMap, combined with those from the field 

investigation. The resulting spatial features and organization mode are extracted on the 
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GIS platform. The actual walking service efficiency is imitated by a social force model 

and simulated by Anylogic software. 

1. Literature review 

Through the study on relevant disciplines, the thesis collected and analyzed the 

scholarly literature on TOD, walkability, evaluation systems and quantitative 

methodologies. The research framework of TOD spatial organization and evaluation 

system of walking service efficiency is constructed respectively, paving a way for these 

independent and dependent variables. 

2. Empirical research 

The theory and practice on urban research can both benefit by promotion of the 

one to the other. In other words, focusing on the current state and social reality, 

empiricism can effectively promote deeper theoretical deduction and empirical 

verification. This thesis introduces the theoretical hypotheses according to the 

experience and evidences from Shenzhen, which, in turn, further refine the theory. 

3. Simulation experiment 

It is an intractable obstacle for the previous studies to obtain the information of the 

walking situation in urban areas on a large scale. By using Anylogic software, this 

thesis simulates the pedestrian distribution, and accordingly provides the analysis and 

evaluation on the walking service efficiency in various spatial organization modes. 

4. Quantitative analysis 

In this thesis, the structures of spatial elements are calculated by the GIS platform. 

Also, the spatial variables and walking variables are statistically analyzed by the gene, 

correlation and regression analysis on SPSS and ORIGIN software platforms. The 

influence of spatial elements on walkability is assessed by Partial Least Square (PLS) 

regression methods. Lastly, the important factors are analyzed based on the Variable 

Importance in the Projection (VIP) and the Weight value from PLS regression results. 

1.3.3 Research innovation 

This study mainly has three breakthroughs: 
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1. Theoretical innovation 

The thesis explored the concept of walkability from an efficiency perspective and 

analyzed the relationship with TOD spatial organization within a Chinese context. The 

moving effective of walk, in this study, walking service efficiency is defined by 

combining the theories from the walking environment and the actual pedestrian flow 

conditions. In addition, the spatial organization mode is explored in the case of China. 

Three modes and their relationship with walking service efficiency are built up to 

supplement limitations of theory developed from data in Western countries, which fails 

to adjust to address the features of Chinese cities. 

2. Method innovation 

Combining the research methods in transportation studies and computer 

quantitative simulations (such as social force model and pedestrian micro-simulation), 

the thesis obtains the space-time distribution of pedestrian flows in the TOD area. 

Besides, by using the pedestrian simulation method, the approach presented here 

simulates the actual walking process of pedestrians. This solves the difficulties 

experienced from the huge volume of, and difficult-to-obtain, test data, experienced in 

previous studies to some extent. 

3. Objective scale innovation 

The analysis on TOD spatial area is usually from a macroscopic and microscopic 

views. Most previous studies, from a macroscopic view, regard TOD stations as a node 

in transportation network, or evaluate and quantify the TOD station as a whole, or form 

the microscopic view focusing on local environmental features inside the station. 

However, this study, based on pedestrians microscopic characteristics and microscopic 

simulation approach, analyzes the distribution of facilities configuration, street pattern 

and pavement environment around the TOD area from a midscopic view. Thus, the 

conclusions drawn can be improved from the midscopic and microscopic levels. 
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1.3.4 Thesis framework 

 

 

 

Figure 1.2 Study framework of the dissertation 
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2. CHAPTER 2 LITERATURE REVIEW 

In order to quantitatively evaluate the relationship between walking service 

efficiency and TOD spatial organization, this chapter reviews the related studies from 

three aspects, involving theory developments, evaluation system and research 

approaches, with the focus on quantitative analysis. 

2.1 Theoretical Developments 

After suffering the energy crisis and environmental crisis in 1970s, many western 

countries have become aware of the negative impacts from urban expansion. With the 

inspiring value of urban revitalization and preservation, the renewal strategies are often 

applied to emphasize the environmental quality and individual activities of a city. A 

typical example can be found from New Urbanism proposed for solving the 

suburbanization and expansion of European and American cities. Combining 

traditional urban planning theories with the modern technology development, it 

provides a new way to promote environmentally friendly habits by creating a regional 

growth model and a walkable community. Particularly, TOD and walkability are two 

important principles under this background. They encouraged public transportation as 

the primary traffic choice, accepting the citizens with various socioeconomic 

backgrounds to promote the urban vitality via mixed land use, compact development, 

and walkable space. Now, TOD and walkability have been the most important concepts 

when planners explore the railway station areas. The next section will present the origin 

and development of these two concepts. 

2.1.1 Transit-oriented development, TOD 

TOD is one of the most vital theories in urban planning and design since 1990’s. It 

appeared simultaneously with the ideas including New Urbanism, New Traditional 

Communities, and Smart Growth, and has become a key content in sustainability theory 
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and liveability theory of the urban planning (Ren, 2010). 

1.Origin and development 

As a hot issue in urban studies, TOD aims to solve the urban problems brought by 

urban expansion and traffic mechanization. It actively guides a city to an efficient and 

sustainable development with the combination of traffic and urban planning. Since its 

origin, the TOD concept has experienced a transition from community planning 

methods to a regional integration model, and then to the extension of spatial growth 

strategy. This process significantly catalyzes and enhances the modern urban 

development. 

Originating from the 80s to 90s in the United States, TOD initially evolved from a 

foundation program (Pedestrian Pocket) which was combined with public transport. 

This meditative idea, however, started very early. The U.S. began the process of 

suburbanization from 1950s to 1960s and had taken over a considerable amount of 

farmland and green space in the 1980s. Furthermore, as the U.S. economy and 

population structure began to transition, urban decay, environmental pollution, and 

traffic jams were getting worse. Peter Calthorpe, an American scholar in ekistics and 

architecture, formally presented the concept of TOD in Future American Metropolis: 

Ecology, Communities and the American Dream (Calthorpe, 1993). This is an 

introspection at the time when the suburbanization in the United States had touched the 

bottom line of environmental and economic endurance. Instead of traditionally single 

land development, TOD emphasizes the concept of integrating in the construction of 

urban and public infrastructure, especially coordinating with transportation 

development. Calthorpe claimed that TOD was a cross-domain development pattern in 

which the transport system benefits accessibility rather than mobility, with the mix of 

regional planning, urban revival, suburban renewal and walking communities 

(Calthorpe, 2002). In the beginning, the primary TOD concept only referred to light 

rails. Now with the development of traffic technology, it has gradually contained the 

trams, subways, bus rapid transit (BRT) and so on. Along with the continuous 

improvements of the public transportation system, TOD will further develop new types 
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and modes to maintain the balance between urban development and traffic 

development. These systems are constantly evolving, and therefore the optimal pattern 

for TOD has always been evolving. 

In general, TOD and New urbanism represent a deep understanding on life-style, a 

yearning for efficient urban growth, and a desire for an energetic living atmosphere. For 

the moment, massive cases have verified the success of TOD (such as San Francisco 

Bay Area, Denver, and Santa Fe etc.). Similarly, simultaneous concepts include Transit 

Village, Transit Supportive Development, Transit Sensitive Land Use, Transit Friendly 

Design, and so on. Some analogical modes, for instance, Transit Adjacent 

Development, Traditional Neighborhood Development, are also mentioned frequently 

(Ren, 2010).  

2.Research progress in domestic and foreign countries 

At present, the TOD-related research covers a wide range of contents 

internationally. The literature on the subject of “transit-oriented development” have 

692 results on Web of Science, covering transportation engineering, environmental 

science, and public administration etc. The principal research involves the relationship 

between transportation and land use, TOD planning and environmental factors, traffic 

and passenger flow distribution pattern, and policy and management operations etc. 

Figure 2.1 depicts the primary research scholars. Among them, Robert Cervero 

specializes in the relevance on 

transportation and development with the 

emphasis on the connection of urban 

structure and travel mode; Handy, is 

acquainted with the relationship 

between built environment and 

behavioural activities; Michael 

Greenwald is famous for the studies on 

the impacts from land use to traffic 
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Figure 2.1 Relevant scholars of TOD 
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behaviour. These are summarized in Table 2.1. 

Table 2.1 Research contents in international study 

Authors Research content 

R Cervero (2004); K Kockelman (2015);Yoon, Janghyeok; Park, 

Hyunseok(2015); Carlton California U O, Berkeley(2009) 

Theoretical framework of TOD 

Sung, Hyungun(2011); Sung Oh, Ju-Taek(2011),Lee, Seungil(2010) 

Lin,TY Shin(2008); SJ Hendricks(2005) 

The relationship between TOD factors 

and ridership 

Ratner, Keith A.(2013); Goetz, Andrew R(2016),Li, Yan; Guo, H. L.; Li, 

Heng(2010) 

Land use and urban form 

Duncan, Michael(2011),Krause, Andy L.; Bitter, Christopher,Addison, 

Carey(2013); Zhang, Sumei; Coomes, Bradley,Lee, Jaewoo; Sohn, 

Keemin(2014); Suzuki H, Jin M, Hong Y (2015) 

Impact on property prices and land 

value 

Wey, Wann-Ming; Chiu, Yin-Hao(2013),Zhao, Jinbao; Deng, 

Wei(2013) 

Walkability 

Brown, Barbara B.; Werner, Carol M(2009),Lund, Hollie; Willson, 

Richard W.; Cervero, Robert(2006) 

Traffic behaviour, resident attitude, 

obesity 

Samimi, Amir; Mohammadian, Abolfazl Kouros(2010) Health impact assessment 

Seo, Minho; Kim, Alex; Kim, Seiyong(20123) Impact on environment and economic 

Cervero, Robert; Murakami, Jin(2015),Curtis, Carey ,Wey, 

Wann-Ming,Bamford, Greg,Dou, Yi; Luo, Xiao; Dong, Liang(2016) 

Case study: Hong Kong, Perth, Taipei, 

Stockholm, Copenhagen, Shanghai 

 

China is experiencing the similar problems with west countries. The baby booms 

in the early days of the new nation period and the Great Chinese Famine Movement 

significantly increased population, boosted economics, also expanded urban size. The 

succedent fertility rate, however, went down gradually. As the consequence, it drove 

down household size, leaded to the ageing of population as well as the drop of 

workforce population. At the 

same time, the economic 

structure of big cities also shifted 

to the tertiary industry. Thus, the 

housing industry and other urban 

functional structure and 

morphology have changed. To 

avoid the mistake of the U.S., 

China started to explore on 

constructing a low-cost, 

high-efficiency approach to 

urban morphology in 1990s. At 

that time, TOD, an effective 
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Figure 2.2 Keyword generated from TOD 
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solution by traffic mode, began to draw great attention. 

In 1994, the scholars in the field of economic management introduced TOD theory 

into China, initially aiming at a joint development of urban traffic and real estate (Heng 

&Weng, 1994). After that, with the upsurge of railway transit construction in China, 

more and more attention has been paid and the theoretical rudiments of China's TOD 

strategy appeared. Derived research keywords include “land use”, “integrated 

development” and “transit metropolis” etc. (Figure 2.2). The results of a search using 

keywords “transit-oriented development” and “TOD” in the database of Zhi Wang are 

up to 1583, mainly concentrated on the field of transportation and building science. The 

main contents include railway transit, land use, spatial structure, site evaluation, 

development model and so on. The relevant scholars and their outcomes are shown in 

Table 2.2. 

Table 2.2 Research contents in mainland China 

Research area Authors Research content 

 

 

urban planning 

  

Tian (1999); Hou (2012); Li (2010); He 

(2015); Wang (2013)  

Rail transit and land use 

Guo&Liu (2008); Wu (2014) TOD factors 

Yao (2014); Tang (2008) New development approach by TOD 

Wang&Li (2016); Zhang&Wang (2015);Guo 

(2015); Long (2015) 

Non-motorized Traffic 

Zhang&Liu (2008); Chen (2012) Localization of TOD strategy in China  

Tian&Zhuang (1998); Li (2011) Real estate joint development 

Pan&Hui (1999) ; Chen (1999) ; Jin&Xu 

(2003) 

Case, experience and policy in urban 

planning 

 

 

 

transportation 

engineering 

Calthrope&Yang et al., (2014); Zhao (2007) Case, experience and policy in transport 

Wang (2007); Ding (2011); Zeng (2009) Integration of land use and TOD station 

Yang (2006); Zhang (2006) Railway network 

Kong (2013); Li&Deng(2007) TOD performance evaluation 

Wang (2011); Ding (2012); Gao (2008) Land development timing and social benefits 

Li (2008) Financing and sustainable development 

He &Gu et al., (1998)  Model correction 

Lu&Zhang et al., (1999) Development recommendations 

Transit construction based on TOD theory has been built in numerous Chinese 

cities recently. Only the minority of them, however, follows the standardized TOD 

mode. This indicates the inapplicability of the existing TOD mode in Chinese cities. 
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Practice is different in China and Western countries in terms of the aim of TOD, the 

problem to solve and the future urban development: in U.S., the residents rely on 

private vehicles more than the Chinese residents do, and therefore, the main reason for 

implement TOD in the U.S. is to increase the popularity of bus, enhance tax income, 

and promote community economy etc. In Hong Kong, the transit using ratio and 

density keeps on a prominent level, which determines the target of TOD is land-saving. 

By contrast, in the mainland of China, utilization of vehicles, passenger flow of bus, 

and density of urban cities are all higher than those measures in western countries and 

they even keep increasing. The target of TOD for Chinese mainland turned to 

coordinating the urban development and public transit (Calthorpe, Yang &Zhang, 

2004). This idea is distinctly different when compared with the TOD concept proposed 

by western countries and has not been accepted internationally (Wang, 2016). Thus, the 

difference in city density, land-ownership, and urban development features between 

China and the U.S. has gained prominence. It is still under discussion about how to 

construct and adjust the density index, travel structure, and constructing and operating 

model in the TOD to the Chinese context. 

3. Future research focus 

The studies on TOD models in China are still scattered and fragmented. Although 

China has carried out research in the field of planning and transportation, it is far from 

the level of developed countries. The magnitudes of factors and indices are only based 

on western experience. Their applicability in China remains to be discussed. The future 

research will focus on how to adjust the TOD model according to the Chinese current 

development characteristics, urban problems and development needs. 

TOD has the potential of fulfilling the needs of compact urban development in the 

future. There has been a set of relatively complete theoretical systems and practical 

operation schemes in foreign countries, which quantify the relationship between 

railway transit station construction, land use and spatial environment through indices. 

For instance, Cervero (1997) proposed the 3D index (density, diversity, design), the 

extensional Ewing, R., & Cervero (2010) proposed 5D  (added destination, distance) 
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and Ogra A& Ndebele R (2014) proposed 6D index (added demand management 

indices). The current research has shifted to the intrinsic relationship between the built 

environment and other factors, such as travel behaviour, property value, environment, 

and social equity. For the completed TOD project, the traffic and urban construction 

departments will regularly check and consolidate the data. This overall study is more 

in-depth and comprehensive. In China, however, the theory is still in the infancy of 

localization. Liu and Qian (2016) summarized the planning and guiding approaches of 

the TOD stations in North America. They found that planning elements are mainly 

relevant with land use, transportation and space. Lu (2017) researched the TODs in 

Tokyo, Japan, and presented the influential factors as forward-looking government 

planning and policy guidance, railway transit system service and detail design, high 

integration of transportation system, etc. Given that TOD primarily targets on the 

coordination the development of land and transportation at the current stage in China, 

the research accordingly refers to land-use and urban design, transportation, and 

coordinate relations. 

In terms of the depth of the research, China has been thinking and discussing more 

on the theoretical level but is deficient in further adjustment and implementation on the 

specific principles and indicators. Also, for the completed projects, there is no thorough 

summary and assessment of the complete system, which is a huge gap with the current 

research abroad and needs to be carried out further from the above aspects in the future. 

The idea of TOD is an important reflection on the tortuous development of the 

United States. Today, China is experiencing a development path which is similar with 

that of the U.S. Under the rapid economic growth and urbanization, it is an urgent issue 

to create a city suitable for such a large population and at the same time, ensure a 

comfortable urban environment. How to grasp the two important objects of urban 

design – land-use and transportation – is the main challenge for the successful 

implementation of TOD in China. 
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2.1.2 Walkability 

1. Concept and origin 

Walkability is a space attribute originated from sustainable urban design and new 

urbanism. A commonly used concept refers to the degree of friendliness of the 

walking-supporting environment, including the convenience and comfort of the daily 

living, shopping, visiting, leisure and entertainment of the residents in a certain area. 

Calthorpe (2009) has suggested that "a walking-friendly environment may be the 

crux of TOD" . At the same time, in recent years, the consideration on the relationship 

between spatial form and travel has increased in urban research, such as the advocation 

on slow traffic mode in the field of transportation, and the encouragement on physical 

activity in the field of public health. The intersection of these studies forms the basis of 

walkability research. At present, walkability has become a hot topic in many fields and 

interdisciplinary methods are always used to conduct comprehensive research. 

2. Research progress at home and abroad 

At present, the international research on walkability has been found in many 

disciplines. A total of 883 articles were collected in Web of Science with "walkability" 

as the key word (searched in Jan. 2016). The most studied areas are public 

environmental health (423 articles). Overall, 75 articles were found in traffic and 52 

articles in urban study. The top ten of high-frequency words appearing in the title of the 

literature are: environment, neighborhood, physical activity, adults, built, urban, 

perceived, older, health (Table 2.3). 

Table2.3 Keyword frequency from Web of Science 

Rank 1 2 3 4 5 6 7 8 9 10 

Keyword environment neighborhood physical activity adults built urban perceived older health 

Times 287 229 219 204 113 113 69 66 65 61 

In the current study on walkability, the measurement methods related to the 

walking environment has been maturely developed whereas the evaluating methods for 

the destination still needs to be perfected. The future research will focus on the street 

scale, the time dimension comparison, the quantification of the cost and income, the 
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expansion of the case study, the social fairness and so on.  

In regional planning and urban and rural planning in China, there are 1452 articles 

with the key word as “walk” in database Zhi Wang (searched in March 2016), including 

42 articles with "walking", 22 articles with "walkability", and 46 articles with "walking 

network"(by Chinese characters). Previous studies mainly focused on the design 

strategies, such as design strategies on roads, corridors, commerce, waterfront 

landscape and other pedestrian space, which are all the qualitative analyses of the space 

environment of the walking system. In recent years, with the increase of urban spatial 

research of mobile positioning big data, some scholars have used quantitative methods 

to simulate the dynamic transformation of cities, including the relationship between the 

flow of people and the urban social function area and the intensity of social activities 

and the present situation of land use. However, due to the limitations of research data, 

most of these studies are carried out only in top-tier cities in China. 

3. Research methods and evaluation elements 

The research approaches involved include perceived evaluation, travel mode 

survey, objective assessment and comprehensive evaluation, etc. In particular,  the 

approach of perceived evaluation contracts the impacts of subjective variables to 

walkability by choosing distinct neighbourhoods (such as the high/ low walkability and 

high/low SES community under the same block scale). This is generally conducted by 

interview or questionnaire. The subjective variables involve age, gender, annual 

income, education, etc. For the health-related research, the Body Mass Index (BMI) of 

users are required to compare with different ages (the old and the young), gender (male 

and female), and the social status. The results from studies abroad commonly-used 

questionnaire and interview data  from the systematic investigation of governments 

and scientific institution, for example Strategies for Metropolitan Atlanta's Regional 

Transportation and Air Quality (SMARTRAQ), Neighborhood Quality of Life Study 

(NQLS), Physical Activity in Localities and Community Environments (PLACE), and 

International Physical Activity Questionnaire (IPAQ). Travel mode surveys, similar 

with the above, are also conducted by governments or organizational institutions to 
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collect the travel behaviour of the crowd in a specific area. Objective assessment 

records the activities of users in several consecutive days by accelerators. While the 

research scope in the geography and transportation fields is considerably large, 

mathematical models and prediction models in statistical analysis, such as 3D models, 

gravity models, and discrete models, are also frequently used to predict the distribution 

of walking behaviour and to discuss the influence of space on walking activities in 

transport engineering discipline. Comprehensive research methods, such as Pedestrian 

Environment Review System (PERS), Pedestrian Level of Service (PLOS), 

Neighbourhood Environment Walkability Scale (NEWS), and Community Street 

Review Methodology (CSR) etc., process the walkability indices by field research, 

video observation, and data computing. Besides, some research methods in social 

science, for instance, Trace Tracking, Gate Count and Public Life Public Space (PLPS), 

are also popular for the studies on walkability. In recent years, owing to the 

development of computer science, the researches based on Public Participation and Big 

Data obtain an increasing attention. Many crowdsourcing Internet applications and 

open data, the evaluation systems like Walk Score, Walkability Index, Walkability Asia, 

are also contributed to the exploration on walking behaviour. 

In terms of the walking types, the research is divided into two types: walking for 

leisure and walking for transit. According to the comparative analysis of different kinds 

of walking, it is generally acknowledged that the architectural environment has more 

influence on the latter one (Owen et al., 2007). 

The research interests often focused on the influenced of building environment 

and pedestrian socioeconomic status. Building environment usually refers to the 

external physical environment related to physical activity. It is widely accepted that 

amenity, street form, spatial structure and design can affect walking behaviours. The 

amenity mainly includes: commerce, residence and office buildings; street form factors 

mainly include: street density, interval density, link-node ratio and block size, etc.; 

spatial structure elements are mainly including: diversity, accessibility, connectivity, 

integration region structure etc.; design mainly includes: street furniture, walking 
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facilities, sidewalk design, and so on.  Handy (2003) thinks that the maximum block 

length suitable for walking is between 90-180 metres. In addition, specific indicators 

for the characteristics of a certain area are continuously proposed. In Fort Collins, the 

U.S., planners believed that the area of a walking block should be equal or smaller than 

4.8 hm2. Marc Schlossberg (2003), according to the case of Portland, the U.S., claims 

that major auto-oriented streets have a strong impact on walkability and they measure it 

by the Impedance Arc. Based on a survey of 1286 adults, Cerin et. al (2006) found that 

destination diversity, residential density, walking infrastructure, aesthetic, traffic safety 

and crime rate have positive impacts on traffic walking whereas recreational walking is 

more related with aesthetics, destination diversity and residential density. Kelly et al. 

(2010) used three different methods to compare and evaluate pedestrian walkability in 

the study on the weight of influence factors. The comparative factors are classified as 

road cleaning, streetlight lighting, traffic volume, driving speed, bypass road, road 

width, cyclists, number of traversing roads, uneven road surface, and so on. Xu (2017) 

studied the distance between Los Angeles residential area and the bus stop. After the 

logistic regression, he finally found the continuity of the street, the density of lights, the 

density of street trees, the parking around the station, and the degree of land mixing are 

the significant environmental factors affecting the residents' walkability to the station. 

The household income, the number of private cars owned by families and race also 

significantly affect whether residents walk to the station. In general, it can be said that 

many factors in the built environment are related to walkability, and its evaluation 

elements cover a wide range of contents. 

2.2 Walking Evaluation Perspectives 

2.2.1 Spatial welfare perspective 

Welfare is a sociological term, which refers to the social security system that the 

state provides to all citizens in accordance with the law. It aims to ensure a certain 

standard of living and improve the quality of life as much as possible. Welfare 
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economics introduces the standard of moral and value judgement into economics so to 

discriminate it from the empirical economics which put eyes only on the economy itself. 

Social Welfare Maximization is a welfare economics standpoint put forward by western 

economics that primarily including two schools. The first and new one of Welfare 

Economics, represented by Patero, uses the theory of ordinal utility and optimization as 

the conditions of welfare maximization. The other applies the Social Welfare Function 

to assess problems of social welfare maximization, named as the social welfare 

function school. 

Spatial Welfare extends the concept of ‘welfare’ to the area of human-earth 

relationships. It considers the harmonious and well-organized ground surface between 

human society and natural system as the Spatial Welfare for human continuation and 

development. In another words, it is the space which ensures human safety and health 

so as to maintain certain life quality and raises the harmonious and well-organized 

condition as much as possible, including the sustainable development provided by it. 

From the angle of welfare economics, Spatial Welfare also aims at seeking how to 

achieve efficiency maximization on allocating space resource, and the form and 

evaluation criteria of space welfare also have multiple levels. 

On the level of cognition or perception, the spatial discrepancy of the accumulated 

results of nature and social development in the amount, size and strength forms 

different consequences in the size of spatial benefits, potential energy intensity and 

efficiency. And from the specific level of objectification, concrete Spatial Welfare is 

measured by real physical form and environment. Thus, Spatial Welfare is the spatial 

order which formed by cultural concepts and ethical compliance, as well as the spatial 

paradigm which is formed by material support and construction. These two aspects 

make up stability on different spatial scales as necessary conditions to maintain Spatial 

Welfare. Whenever either one changes, it will not do harm to the stability or growth of 

the other one. 

Hence Spatial Welfare has multiple beneficial effects and assessment standards 

which include benefits of economy, culture, social and environment. From the 
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perspective of economic value, the behaviour of spatial construction could bring gains 

in terms of economy. Under the theory of industrial location, when the spatial 

arrangement of enterprises or industrial activities is in the best position, the benefits and 

economic effects would be enhanced.  

In a larger sense, economic benefit of the entire system would be improved when 

the hierarchical order and spatial arrangement of a certain economic functional system, 

spatial logistics network or infrastructure network are reasonable. From the viewpoint 

of culture, all spatial construction which facilitates the spread of advanced cultural 

thoughts is cultural gain space, and the maximization of its impact range and 

universalization of behaviour are dispensable performance aspects. As for social gains, 

the coordination of the space environment by putting humans as the main body has 

great importance to the coordination between social organizations and different kinds 

of social relationships. Space construction is also effective in many aspects such as 

ideology, politics and maintaining social stability. Then from the perspective of 

environmental gains, natural environment and artificial environment are primarily 

aspects influenced by humans. Then the combination of various goals such as space 

capacity, size, safety and coordination can be formed into an evaluation standard of 

organic system. Under the situation of completely unchanged space, it uses artificial 

methods to create better carrying ability in order to meet the demands of population and 

material growth and avoids damage and changes to the natural environment at the same 

time. 

This study perspective mainly focuses on the environmental vitality and economic 

value brought by walking, considering the space with more stop activities while 

walking has better value. As walking activities have multiple properties, for instance 

environmental and social, it could raise interpersonal connection and enhance 

community attachment. To treat walking space as a functional welfare space, it has to 

meet varieties of space requirements, for example activity scale appropriateness, 

element proportion appropriateness and reasonable layout of facilities, and finally 

achieve the goals including to release space vitality and improve social and cultural 
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values. 

Jacob (1961) believes that the urban space established on diversity could 

effectively stimulate the spatial vitality and promote residents’ stop and walking 

activities. Also, he points out specific space construction guidance rules: application 

mix, small blocks, old buildings of different ages and enough population density. Gehl 

(1971) investigates on the level of public space, conducted extensive research on how 

space such as streets and squares would support or hinder social interaction and public 

life. Also, Gehl put forward effective methods of creating social humanity value space 

like flexible boundaries, diversified facilities places with high activity frequency and so 

on. Taking streets as research objects, Long (2016) splits potential space factors which 

influence the number of users into seven aspects: location; street texture; surrounding 

land use property; traffic accessibility; function mix degree; function density degree; 

and road grade. Through quantization study, it is found that street activity efficiency of 

serving is obviously constrained by distance, street vitality of commercial serving 

facilities is closely connected with subway entrance and residential streets are more 

affected by functional mix degree. Liu (2017) studied the influence of pedestrian 

accessibility on street space activity and communication, sampling on four Beijing 

blocks. By applying Space Syntax, more relatively more open blocks like hutong are 

more conductive to form vitality contact space, comparing with multi-storey residential. 

And comparison inside blocks suggests that blocks with more complex street topology 

apparently have stronger effects on improving residents gathering and association than 

blocks with simple rules, for instance, hutong texture. Study by Leinherger (2010) 

indicates that the walkable neighbourhood can explain the 40% - 200% per-square- foot 

price premiums that this type of housing commands. 

2.2.2 Mechanical efficiency perspective 

Efficiency usually refers to the ratio of the amount of labour consumed to the 

amount of labour produced. Efficiency is defined differently within different fields: In 

physics, it defines efficiency as the amount of work done in unit time; in management, 
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the amount of work completed in unit time is defined as efficiency; in sociology 

efficiency means that the resource elements are in the optimal allocation state, which 

could satisfy people’s needs to the maximum extent; and in economics, efficiency 

refers to the most effective use of social resources in order to meet human wishes and 

needs. In conclusion, the root of study efficiency is primarily to solve the contradiction 

between the infinity of demand and the limitation of resources, which basically refers to 

the ratio relation between input and output. 

From the perspective of space, the research on spatial efficiency is usually seen 

within the field of economic geography. However, there is still no common view on the 

definition and most of them are evaluating on different levels and dimensions of space. 

On the macro level, spatial efficiency usually means urban comprehensive efficiency, 

which is the problem of resource allocation maximization: when considering urban 

system as resource, then efficiency means allocation efficiency of all resource and it 

usually has connection with the effectiveness of multiple factor agglomeration. Urban 

factors could be seen as production input of factors, which would affect space use. For 

example, transportation, production, natural environment and other aspects in cities are 

all basic resources for people to produce and live. However, due to the limitation of the 

resources themselves, they could also be constraint conditions for city development. 

Hence the main study content includes spatial matching, spatial and functional 

configuration relationship, maximal satisfaction of people’s demand on spatial layout 

methods and other aspects. Liu et al. (2013) defined the spatial efficiency of 

urbanization as a spatial cluster change index reflecting city capital, labour force and 

land elements. It reflects the income change brought by spatial cluster through 

calculation of the area and human flow. On the micro level, spatial efficiency usually 

means efficiency of a certain aspect, such as city transport efficiency, economic 

efficiency, the use efficiency of various types of resources and so on. The activity 

efficiency and use efficiency of walking space is a common research content in space 

efficiency.  

Network efficiency is a primary aspect of evaluating network effectiveness, which 
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usually uses the method of network efficiency to define. Network (also called graph) 

efficiency is defined as the effectiveness of information exchange between nodes. 

Effective network refers to use minimal cost to link any pair of nodes. If thinking about 

the urban road network as an undirected graph, the weight of the edge is distance and 

time, and the path consists of a series of nodes and edges which link nodes. Zheng et al. 

(2017) discussed the walking efficiency and selection problems under different road 

network forms through comparative study, conducted efficiency comparison at 

multiple levels of five different structural road networks (big-blocks network, 

small-blocks network, big-blocks-with-radiate-main-roads network, hierarchy 

adjoining network and hierarchy stagger network) and concluded the significance of 

major and secondary road distribution and the value of integrated urban branch road. 

From the perspective of traffic, the main reason for the emergence of a roadway is 

the pursuit of traffic efficiency. Traffic efficiency, as a traffic academic term, it usually 

refers to the study on the possession situation of road resources by various means of 

transportation from the point of urban transportation, referring to the maximum number 

of individuals which could pass a certain road section of unit width within certain time. 

However, with the increase of traffic demand, the transportation efficiency of taking 

walking as a transportation way in high-density areas might be higher than that of using 

motorized vehicle, which creates more people move within the limited space. Therefore, 

the major evaluation content from this perspective is the transportation efficiency of 

walking. From the perspective of traffic, the efficiency of sidewalk is only related to the 

width of road and the number of pedestrians per unit of time, but not to other 

environmental factors within walking space. However, due to the differences between 

research objectives and research objects, there are other aspects to understand the 

traffic efficiency. Shen et al. (2016) characterizes the road traffic efficiency as how 

many vehicles were transported or how many distances were travelled per unit of time 

within the traffic network. They consider that the efficiency is not only high speed, but 

also means to bring the transportation capacity of the road network into play. Therefore, 

its definition is similar to traffic capacity. Han (2014) suggests traffic efficiency could 
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be divided into two levels: macro and micro. On the macro level, the traffic efficiency is 

emphasized and measured by the satisfaction degree of the traffic cost to the traffic 

demand. On the micro level, the traffic efficiency is measured by the traffic demand 

which is satisfied in a certain time. Current evaluation methods of traffic efficiency 

mainly include the following three categories: 

Table 2.4 Comparison between three categories 

 

Accessibility is a significant indicator to reflect traffic cost. The concept of it was 

firstly put forward by Hansen (1959), defined as the opportunity of each node 

interaction in the traffic network. Its main theory could be traced back to the Traditional 

Location Theory. Researchers even thinks the earliest gravity model which describe 

business distribution could also be attributed to the early accessibility model (Reily, 

1931). Accessibility aims to describe the location characteristic and advantage of a 

certain spatial element (point, line or area). There are five representative measure 

methods: 1). Spatial separated measure; 2). Cumulative opportunity; 3). Space 

interaction measure; 4). Utility measure; and 5). Time space measure. Therefore, 

accessibility measurement theory is quite diverse, so different research focuses need to 

select or combine different measurement methods. In order to reduce the confusion of 

accessibility definition and evaluation model in theory, many scholars proposed that the 

accessibility model should be subject to certain criteria. Weibull (1976) put forward the 

Evaluation 

Index 

Calculation Method Methodological Characteristic 

 

Pedestrian 

Flow Volume  

The number of pedestrians passed on 

the sidewalk in unit width during a 

certian time (person /h·m). 

Generally applied in traffic road engineering design. 

The calculation is simple and the data is easy to get. 

However, its persuasion is relatively low because traffic 

efficiency could not be simply judged by pedestrian 

flow. 

Pedestrian 

Desity 

The number of pedestrians in unit 

area (p/㎡). 

The caculation is simple and it could represents traffic 

efficiency at some degree. However to invest and 

survey are different. 

Passing Time The time it takes for pedestrians to 

walk to their destination. 

Passing time itself could not reflect traffic efficiency of 

space. There is need to introduce another time (e.g. 

ideal time) to compare in order to measure efficiency. 
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famous three rules of accessibility measurement, which are: 1). The order of arrival 

from a location to an endpoint does not affect the accessibility of the location; 2). The 

accessibility does not increase as the distance between two points increase or decrease 

as the attraction of the end increase. 3). Travel with zero utility would not affect 

accessibility value. Currently the traditional evaluation method could not match the 

rapidly changing economy and society anymore, the Information and Communication 

Technology (ICT) might change people’s mode of activity in time and space and thus to 

influence individual accessibility and life standard. The evaluation of accessibility is 

still in the process of adjusting and improving. 

Table 2.5 Comparison of Different Accessibility Models 

Evaluation Model Traffic 

Factor 

 Land Utilization Time 

Factor 

Personal 

Factor 

Interpretability 

 

Demand Supply 

Spatial Distance + - - +/- - + 

Cumulative 

Opportunities 

+/- +/- - +/- - + 

Spatial Interaction + + +/- - +/- + 

Effectiveness + + - +/- + +/- 

Spatial Constraint + + +/- + + +/- 

‘+’ refers to conditions of satisfaction; ‘-’ refers to conditions of dissatisfaction; ‘+/-’ falls in between ‘+’ and ‘-’. 

2.2.3 Humanism perspective 

The perspective of humanism mainly concentrates on pedestrians’ physical needs 

and psychological feelings. The common evaluation system contains Pedestrian Level 

of Service (PLOS) and psychological needs.  

PLOS measures almost all potential factors which might influence walking, 

including density, speed, environmental element, comfortableness, safety and so on，

using pedestrian flow level of service. Evaluation on pedestrian level of service is not 

as simple as evaluating vehicles because only requiring the unobstructed sidewalk 

would never satisfy pedestrians. For motor vehicles, attention is paid to the traffic 

capacity of the road, while for pedestrians, attention is paid to the physical and 

psychological feelings. To satisfy pedestrians, the road has to satisfy their 
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psychological behaviour characteristics. Thus, pedestrian level of service could be 

defined as degree on safety and comfortableness of pedestrian system and degree on 

meeting the psychological characteristics of pedestrians (Wei, 2013). The definition of 

pedestrian level of service in HcM2000 is a standard which describe the quality of 

service one feels while walking. Generally, the specific indexes of evaluating the 

pedestrian level of service include space occupied per capita, reachable walking speed, 

degree of walking freedom, possibility of surpassing and crossing people, degree of 

safety and comfort and so on. Sarkar (1993) adopted six pedestrian levels of service 

which are from A to F, considering comfort, convenience, attraction, traffic safety, 

continuity, social security and system consistency as major influencing factors 

through qualitative analytical method. The Chinese Code for Design of Urban Road 

Engineering (CJJ37-2012) used occupancy area per capita, vertical spacing per capita, 

horizontal spacing per capita, walking speed and maximum people flow of service to 

measure the road service level.  

Psychological needs are to focus on the demand on the environment from a 

psychological perspective. It could be obtained through satisfaction evaluation of 

walking facilities or a subjective feeling survey. Pedestrians are actual users of 

walking space, who have straight feelings about the designing quality of walking 

space. The design of walking space ultimately points to pedestrians and their activities 

in walking space. Therefore, to satisfy various types of pedestrians is  important 

when designing walking space. There are two major needs for walking space by 

pedestrians, traffic and environment, which could be further subdivided into traffic 

and safety requirements that are closer to the traffic conditions and convenience and 

comfort requirements that are closer to the environmental conditions. According to 

the Maslow's Hierarchy of Needs, the space requirements of pedestrian groups could 

be divided into five levels: firstly, reachability, then accessibility, safety needs, 

comfortableness and pleasure at last. Agrawal et al. (2008) also analyzed the 

pedestrian environment around the railway station and showed that the factors that 

people value when passing are, the convenience, safety, comfort and finally pleasure 
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of the walking space in turn, which is in line with the hierarchy of psychological 

needs. Hence in space, the key elements of walking space include three levels 

successively: walking system network structure, space capacity and quality of 

environment (Figure 2.3). 

Figure 2.3 Correspondence between demand levels, spatial elements and evaluation criteria 

2.3 Research Methodology 

2.3.1 Pedestrian simulation and social force model 

Pedestrian traffic research methods currently mainly include experimental 

methods, analytical methods and simulation methods. As the pedestrian traffic flow in 

the city has the characteristics including large mobility, complex walking behaviour 

and too many influencing factors, both the experimental method and the analytical 

method have certain limitations. Therefore, these two methods are difficult to make 

comprehensive and realistic consideration. The simulation method can combine the 

advantages of the two methods, build the simulation model based on the real pedestrian 

motion feature data, and explore the regulation of their movements. Besides, the 

pedestrian walking behaviour can also be shown through simulation of discrete events 

or continuous time. 

Common pedestrian simulation methods include macroscopic, midscopic and 

microscopic aspects. A macroscopic model considers pedestrian traffic flow as a gas or 

fluid, applying the theories and methods of gas dynamics or fluid dynamics to the 

modelling and simulation of pedestrian traffic flow. Most evaluation indicators are 
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macro indicators such as quantity of flow, density and speed. An earlier macro model 

was proposed by Fruin (1971), which proves the relationship between the average 

speed and the density of the crowd. Particularly, in the research, the concept of “service 

level” in road traffic theory was introduced into the study of crowd movement;  

Midscopic models can both describe the macro characteristics of pedestrians in 

certain space and time, and also indicate individual movements and interactions. For 

example, the Lattice Gas (LG) model divides the plane into small grids or triangles 

from the perspective of individual movements, so that movements towards three 

directions can be shown. 

A Microscopic model normally considers each pedestrian individual as a research 

object, whose behaviour is determined by their own characteristics (e.g. gender, age, 

psychology, etc.) and the surrounding environment. Compared with the midscopic 

model, the calculation and description concern the pedestrian individuals. The 

commonly used models include Cellular Automata (CA) model and Social Force (SF) 

model, etc. Additionally, some mixed models have also appeared in recent years. 

With the development of computer simulation and spatial analysis technology, the 

application of digital technology has become an important means to improve the 

reasonability of planning. Particularly, the improvement of computer simulation 

technology and the development of pedestrian simulation software enable users to 

accurately and effectively display and predict the use of walking space. Pedestrian 

simulation based on computers can be divided into the following types: 1) Physical 

method- Pedestrians are considered as forced particles (e.g. attractive and repulsive 

force) and can be analyzed by fluid mechanics; 2) CA model- Pedestrians are 

considered as cell units occupying certain space; 3) Agent-based model- Pedestrians 

are considered as heterogeneous, autonomous entities, moving based on certain rules 

and norms (Ferber, 1999). Pedestrian dynamics simulation based on computer 

simulation can effectively simulate the walking scenario of the urban crowded 

environment, take into account the comfort and safety of pedestrians, observe the speed 

of different groups and ages in commercial tourism areas, and analyze the influence of 
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different speed and cultural background after controlling factors related to spatial 

context. Moreover, ‘walkability’ can be defined based on the walking speed and 

stress-response in different densities of people of different groups, ages and cultural 

backgrounds (Bandini, 2016). 

The SF model believes that pedestrians are not affected directly by the external 

forces during the walking progress, but are affected by their own driving forces 

(Helbing, 1995). Based on Newtonian mechanics, the model constructs a social force 

pedestrian traffic flow model according to fluid dynamics equations. It mainly includes 

three influences:  

First, the driving force is the most significant force in the SF model, which 

determines whether the pedestrian moves to the destination at the expected speed. Due 

to the necessary avoidance behaviour, the difference between the actual speed and the 

expected speed is revised with “relaxed time”. The expression of driving force and 

direction vector is the basic form in the social force model. Mass behaviour caused by 

the occasional influence of others (e.g. actively or passively follow other people's 

movement) can be corrected by introducing a weight function to adjust;  

Secondly, repulsion force is also very important, mainly derived from the 

exclusion between pedestrians, or pedestrians and buildings, obstacles. The repulsion 

effect caused by the force of other objects can also be expressed by a monotonous 

decreasing function, mainly including two parts: socio-psychological force and 

physical interaction.  

At last, pedestrians are sometimes attracted by others (e.g. friends, street 

performers, etc.) or objects (e.g. shopping windows, displays, etc.). This kind of 

attraction based on certain locations can be expressed by a monotonically increasing 

function. The difference between attraction and pedestrian interaction is that the range 

of attraction is greater than the latter, and attraction can decrease to zero, along with the 

decrease of time and interest. Thus, similar to the intermolecular force, attractiveness 

helps to form a pedestrian group, which is closer to the real situation. 

As for the form of model expression, SF model is a series of differential equations. 
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The expressions of response relationships between time, attributes and elements are 

continuous, so it can accurately describe the forces on various levels, and can explain 

the nature of pedestrian traffic behaviour. At the same time, the pedestrians in the 

model can contact each other when the flow density is large and the panic escapes 

happen. This is not available in the cellular automaton model and the queuing model. 

Moreover, the social force model, which is based on continuous space, has more 

ordered states and disordered states. It contains self-organization phenomena that 

cannot be described by discrete space models. It can successfully reproduce many 

phenomena in pedestrian traffic, such as automatic channelization and stripe formation, 

bottleneck oscillation, herd behaviour, faster is slower effect, etc. The variables 

representing certain physical meanings in the model can be calculated. Frequently-used 

SF simulation software include Viswalk, AnyLogic, etc., which are widely used in 

research of transportation and urban planning. 

2.3.2 Scenario planning 

The Scenario planning method originated in the 1950s, which was initially used in 

enterprise management and business strategy design. Now, it becomes a mature and 

effective tool and has been widely used in urban planning. There are no clear 

definitions of current scenarios and situational planning. Mats Lindgren (2003) 

believes that scenario planning is an expected future plan. Some scholars in China 

believe that scenario planning is a combination of qualitative or quantitative conditions 

to describe the future state of the system and its possible development path (Wang, 

2007). 

In the field of urban planning, scenario planning has various applications, 

including regional strategic development, land utilization planning, landscape planning 

and transportation planning. As for macro urban planning, it can be applied to the early 

stage of strategic development or conceptual planning. As for micro urban planning, it 

can be applied to the development stage such as the distribution of elements or the 

determination of spatial structure. The technical means of scenario planning can better 
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help planners to cope with the complex and uncertain urban future and form a more 

mature and reasonable planning plan (Deshler, 1987). 

The research of scenario planning can be focused on multi-aspects issues, 

single-aspect issues, and single-event issues. Multi-aspects planning is aimed to 

preserve the diversity of project development as much as possible, and to consider and 

prove all possible aspects in the future. For example, in the early research, Yu et al. 

(2004) conducted a comprehensive exploration about the scenario planning of the 

Beijing Dahuan Cultural Industrial Park. Through the multi-criteria evaluation of 

economic, ecological and social benefits, the impacts of the transformation of the park 

on the state, society and local communities are fully considered to explore the 

implications for the development progress of human society. Single-aspect planning 

focuses on issues on single aspect such as space, land or transportation. Hong (2011) 

carried on a scenario planning simulation of the spatial development of Nantou Ancient 

City in Shenzhen, and generated four types of scenario results from the perspective of 

regional value benefits of spatial transformation, which are proposed for urban village 

development. In addition, scenario planning can also solve a single specific issue. For 

example, Zheng et al. (2013) used the scenario plan to simulate the eight possible 

results in the scenario that large-scale enterprises enter the industry park with different 

time series, and finally selected the plan to maximize economic benefits and effectively 

solve the problem generated by the contradiction between the spatial layout and overall 

benefits of the industrial park. Wang et al (2014), in response to the “elasticity” of land 

use nature, conducted a multi-scenario simulation of land allocation based on different 

populations at the regulatory plan stage of Xinghai Lake in Shizuishan, and finally 

constituted the “elastic” model with the revised land use factor. It can be seen that the 

technical means of scenario planning can effectively help planners better cope with the 

complexity and uncertainty of the future city, and generate a more reasonable plan. 

Compared with other projects planning methods, the characteristics and 

advantages of scenario planning ideas have been agreed by many scholars. Song and 

Chen (2013) considered the strategic logic and internal differences, and reviewed the 
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characteristics of scenario dependence. Wang and Zhou (2007), Wang et al. (2014) and 

Ma (2017) all illustrated and utilized the flexibility and uncertainty of scenario 

planning. Pei (2013) concluded that scenario planning mainly has two characteristics, 

namely, flexibility and initiative. Hong (2011) summarized the characteristics into three 

aspects, comprehensive characteristic, multi-directional characteristic and 

forward-looking characteristic. In summary, the core feature of scenario planning is 

uncertainty. It is often not intended to accurately predict the future, but to continuously 

scan the background environment to help increase the possibilities of urban 

development through analyzing multiple time dimensions and uncertain factors. 

Traditional rigid planning methods are often goal-oriented. They must first identify 

clear expectations. Then, planners and stakeholders will negotiate and make decisions 

on interests. Finally, the goals will be determined, and the connection between reality 

and results will be directly constructed through planning means. As a result, sometimes 

they may embarrassed to find that the original plan is too highbrow (Song & Chen, 

2013). In addition, scenario planning also has the characteristic of initiative. Without 

the over-predicted danger caused by traditional rigid planning, scenario planning 

enhances future changeability, so that it can actively respond to risks in the future 

through monitoring and early warning. . 

As for the macroscopic urban planning, A scenario planning methods are often 

used to support for decision-making in urban regional strategy and conceptual planning 

(Huang et al., 2017). As for the microscopic urban planning and design, the application 

of scenario planning methods has also received increasing attention (Ye & Chen, 2017). 

Compared with the macro planning, the spatial scale of scenario planning at the micro 

level is usually small, and the research objects are more susceptible to external 

environmental conditions; the stakeholders are explicit, and various parties' claims can 

be expressed; the content is more specific, and it is easier to make targeted decisions for 

relatively clear goals; the execution is more practicable, and fine-grained control and 

guidance can be implemented in a programme decision-making progress. 
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         Figure 2.4 Differences in the application of scenario planning at different levels 

Therefore, the scenario planning at the middle or micro level has the following 

characteristics as Figure2.4 shows: First, great pertinence. Because the stakeholder 

groups are less, the decision is more targeted on specific object; Second, strong 

controllability. Under the clear guidance, it can determine and control decisions 

precisely and effectively; Third, considered external conditions. Due to the small scale 

of research, most objects and environmental variables have a one-way influence 

relationship, and more uncertainty factors are from the external environment. 

Depending on the characteristics of different, time and space, walking behaviour 

and its distribution are complex. The complexity can be shown by the diverse walking 

scenes in space. With the scenario planning method and its application advantages at 

the micro level and the micro level, it can effectively control the complexity and 

uncertainty of walking behaviour in different scenarios, reasonably evaluate the 

specific influence of external space conditions on pedestrian walking activities, and 

design a clear strategy based on the analysis results. 

2.3.3 Network analysis approach 

The prime approach of geospatial network analysis focuses on the shortest 

Euclidean distance between two points, or the shortest traffic time. Based on the idea of 

graph theory, the intersection of traffic is considered as the node in the graph theory, the 

connection between the nodes is taken as the link. Alternatively, when utilizing the dual 



 

47 

 

approach, the traffic intersection is taken as the link. Accordingly, the connection 

between the nodes is taken as the node which uses centrality to indicate the importance 

of the node. As for the two approaches, the former can be used to define 

two-dimensional space, while the latter can define one-dimensional space by diluting 

attributes such as real distance and direction, so it is widely used in the analysis of 

social networks, economic geography and traffic planning (Wasserman, 1994；Wilson, 

2000). 

Space Syntax is a research method proposed by UCL's Hillier and Hanson 

research team in the 1970s to explore the nature of space by using space network 

analysis, which mainly studies spatial composition and the impact on users through 

quantitative indicators. It is based on the concept of ‘centrality’ in traditional network 

analysis, transforming people's sight and space activities into a one-dimensional 

network with topological relations. It is believed that the space organization and space 

structure based on people’s sight can influence their movement and potential walking 

path, which further make influence to social, economic and cultural activities. Overall, 

the method is highly recognized and widely utilized in the field of architecture and 

urban planning. 

However, Space Syntax more focused on architectural space in the early stage. As 

a result, when it extends to urban space, some factors that are not considered in Space 

Syntax (e.g. realistic distance and moving speed) will have a great impact on crowd’s 

walking path selection. For example, when a crowd is facing two alternative streets; (a) 

a straight but crowded street; , and (b) a street with more turns but with a graceful 

environment, they are much more likely to choose the more comfortable latter one, 

instead of simply reducing the number of turns and keeping sights clear. In addition, 

even if the spatial network layout is unchanged, human’s spatial behaviour will change 

greatly when the spatial function layout changes. Therefore, indicators such as 

selectivity and integration in spatial syntax may fail in large-scale urban space, 

although they are widely used in architecture. 

As responses to the limitations of Spatial Syntax, many scholars have proposed 
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new space network analysis ideas. A research team of University of Cardiff redefines 

the linear axis in the spatial syntax using the weighted angle method. The idea is that 

the curve of a certain turning angle does not affect the continuous motion of the user on 

the path, whether it is a straight line, a curve or a loop. In another words, as long as there 

is no road intersection, users are able to move continuously. Turner (2007) proposed 

and verified the road segmentation method based on weighted angle for the first time. 

After comparing with the actual observed vehicle traffic, it was found that the results 

based on the weighted angle road segmentation method were better fitted with the 

actual traffic flow.  

The Multidimensional Centrality Assessment (MCA) model re-interpreted the 

street networks of Space Syntax (Sergio Porta, 2006). It is based on the understanding 

of the Spatial Syntax of the Centrality, which considered Centrality goes beyond 

Proximity to affect the experience and navigation of the street and intersections system. 

This method treats the traffic lane as the link of the network, the intersection as the node. 

Indicators such as Closeness, Betweenness and Straightness measure the multiple 

centrality of urban transport networks. Porta (2012) applied these three indicators to 

analyse the relationship between economic activities and street centrality, and found 

that the relationship between secondary economic activities and street centrality is 

higher than prime ones. Chen et al. (2013) adopted this method to analyze the 

correlation between the kernel density distribution of various types of commercial 

space in Changchun and the centrality of the traffic network in the street. It was found 

that the centrality of the traffic network has a decisive effect on the spatial distribution 

of commercial districts. 

Urban Network Analysis (UNA), jointly developed by the City Form Lab of 

Massachusetts Institute of Technology (MIT) and the Singapore University of 

Technology and Design (SUTD), is another network analysis method based on GIS. 

Comparing with the Spatial Syntax Theory, it expands the network that was previously 

only for streets and intersections. This method incorporates architectural elements into 

the network analysis, and assign weights to the building functions, areas, populations, 
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and even importance of urban streets, parcels and buildings. It links space with 

economic, social, and traffic phenomena, providing a broader and more effective 

application prospect for urban planning and design. The UNA contains five metrics - 

Reach, Gravity, Betweenness, Closeness and Straightness. Dr. Sevtsuk (2010) has 

applied this method to confirm that retail location choices are significantly related to 

both other retailers’ endogenous location choices and exogenous land use 

characteristics around each building. 

2.4 Summary 

This Chapter has firstly reviewed the related theories and research perspectives, 

aiming to identify the knowledge gap that this study aims to fill. TOD concept, as one 

of the most important theory of urban railway station planning, has always been 

committed to creating an efficient environment by guiding the integration of urban 

transportation and space. Building a walkable environment is one of the core methods 

to promote space value and improve traffic efficiency, and it is also the core content of 

related literature. However, in the study of walkability, the street configuration and 

environmental quality are usually emphasized, and the pedestrian flow distribution in 

actual use is neglected. As a key walking area, the urban railway station has great 

importance to efficiency, especially the match between pedestrian flow and urban space. 

Yet, the interaction between these two have rarely been discussed. To fill this gap in 

knowledge and provide a more advanced understanding of TOD area and pedestrian 

flow, this study aims at understanding the relationship between pedestrian flow and the 

built environment around TOD stations, focusing upon the research framework 

established at the end of Chapter 1. 

For achieving this goal, relevant quantitative research methods have been selected, 

presented here and their suitability discussed. As already explained earlier (in section 

1.1), owing to the orientated speedy movement of mass pedestrian circulation, the 

research data of pedestrian number and the distribution in each street are difficult to 

obtain. Therefore, this study uses Simulation and Scenario Planning methods, and 
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discusses the principle, scope and application of each method. For measuring the street 

structure, several approaches using network analysis including Space Syntax, Multiple 

Centrality Assessment (MCA) and Urban Network Analysis（UNA）have been 

compared, and focused on the quantitative research which measure the spatial structure 

of next Chapter.
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3. CHAPTER 3 SPATIAL ORGANIZATION 

OF TOD AREAS IN SHENZHEN 

In most cases, urban space is an uncertain and complex environment. Although 

people believe the relation between the spatial environment and the probability of 

walking behaviour, it is difficult to explain the importance of one specific element and 

the impact of the entire system organization upon walking. This chapter explores the 

basic spatial and topological elements which influence the efficient operation and 

network structure of the TOD area in the city, and quantifies the spatial organization 

structure. Through detailed analysis of the spatial elements on different levels and the 

characteristics of their location, the role of these elements in urban space and entire 

system can be shown. 

3.1 Spatial Organization Connotations of TOD area 

3.1.1 Spatial organization connotation 

The word "Space" is vague to define. From the physical level, space is an 

objective existence opposite to time, with infinite, undirected, and homogeneous 

features. In urban planning, space is an environment serving for a particular purpose. 

Besides, as an expression of economic, social, and political ideology, ‘space’ needs to 

be interpreted in a specific socio-economic context to make sense. The term 

"Organization" comes from management science, which refers to a system in which 

multiple elements are linked to each other for a certain purpose in a certain way. It has a 

clear goal and internal structure, and maintains connection with the outside 

environment.  

Therefore, the "space" connotation based on "organization" mainly includes three 

research aspects: the first is the elements and content of organization; the second is the 

purpose and process of organization; and the third is the overall environment of the 
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organizational system. 

1. Spatial organization elements and research content   

Theoretically, the focuses of different disciplines on spatial organization is 

different. Urban geography studies the urban spatial organization, with the research 

aspects covering the scale, function, space and infrastructure network of urban space. It 

develops a set of theories such as Location Theory, Space Sprawl Theory and 

Core-periphery Theory. Urban economics mainly engages in the study of urban 

industrial development, industrial restructuring and urban economic development 

strategies, and also involves the spatial layout of urban economic activities. As an 

interdisciplinary subject, although economic geography has studied the accumulation 

and spread of economic activities and the formation of new industrial zones, the 

research is relatively weak on how industrial layout is combined with urban spatial 

organization. The Land Bid-rent Theory、the Economic Rents Theory、the Location 

Theory, the Economic Growth model and the Growth Pole Theory are all related to 

space organization. 

Generally, economics and geography have similar definition of the "spatial 

organization", which is considered as a planning process of urban elements and can 

achieve certain effects. The difference of them is the difference in the elements of 

spatial organization research. The spatial organization elements of current research 

mainly include material elements and non-material elements. Xie (2004) believes that 

spatial organization arranges the material elements of cities through certain 

self-organization rules and organizational rules (e.g. economic laws and social norms). 

Through the organization of various material elements in the city, the evolution of 

urban systems is promoted from disorder to order, from junior level to senior level. Jin 

(2013) believes that spatial organization refers to a series of spatial construction actions 

implemented to achieve their own development goals, which put civilized regulatory 

behaviours into suitable spatial locations to create diverse cities, prosperous economies, 

rich living and liveable environments. Therefore, the definition contains non-material 

elements such as social economy. In urban studies, L. Wirth argues that spatial 
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organization is the spatial layout of material elements such as populations and 

institutions in cities, as well as time changes in urban structure and function. This 

spatial layout and time changes are influenced by various choices, distributions, and 

competitiveness in the city. The spatial organizational structure is gradually generated 

and evolved under the impetus of various forces. In the literature review of Bourne 

(1982), spatial organization is the establishment of principles for the relationship 

between urban form (i.e. the spatial structure of elements) and urban interaction (i.e. the 

flows of people, logistics, and information between regions). 

   

Figure 3.1 Spatial organization factors 

In summary, the spatial organization mainly focuses on the macro-scale and 

middle-scale urban spaces to study the distribution of spatial elements. Spatial 

organization has certain complexity. The category of spatial elements includes both 

material and non-material elements. The research content mainly includes the function, 

form and structure of various elements. Spatial function and form are the representative 

features of spatial element combination. Spatial structure is the relative position and 

distribution form of elements, which reflects the intrinsic relationship between space 

elements. Structuralism believes that an element itself is meaningless, and its meaning 

is determined by the relationship between it and other elements in a given situation. 

Therefore, the relationship between structure and elements is the relationship between 

the phenomenon and the essence. 
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Figure 3.2 Spatial organization content and their relationship 

2.The purpose of spatial organization and its process 

The purpose of spatial organization in urban research is to achieve a certain goal 

and form the desired efficacy space through evolution. 

With the increasing awareness of space crisis, factor configuration, as a means of 

development, can no longer satisfy the development needs of modern society. The main 

driving force for constructing and organizing space is to explore how to further release 

the potential of space development through factor configuration, and maximize the 

utilization of various elements in a limited space. Therefore, the concept of spatial 

organization includes not only the corresponding elements, but also the process of 

making effects with certain purposes. Except for understanding the functions and forms 

of spatial elements, we should also understand from the process aspect. The process of 

organizing is a process of binding objects, interactions of functions, and agglomeration 

in the region. It includes not only technical issues, but also theoretical construction 

issues. The processes of social and economic developments will shape and influence 

the spatial structure of city, and the distribution of population and spatial elements will 

change accordingly. Therefore, the goals and principles of spatial organization are 

dynamically changing. Accordingly, the decision objectives and behaviours will also be 

adjusted. 

In the process of organizing, firstly, it is necessary to determine the reasonable 

function, efficiency and value of the target space. Although the goals and principles of 

urban space organization have some common characteristics, they are unique to a 

specific city or region. Therefore, it implicitly implies a planning principle, that is, 

while controlling land use and spatial structure, it also takes into account the 
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development requirements of the region. This is a prerequisite for the realization of 

different planning schemes and land use control. Therefore, different requests will be 

made according to different urban spaces and goals (Wei, 2010). Second, spatial 

organization behaviours such as planning projects and policy actions need to be used to 

induce spatial patterns to develop as expectation, and to assess the efficiency and value 

of space. Finally, the principle of spatial organization will be adjusted and improved. 

The appropriate spatial model will be achieved through the incremental planning 

method of “research-planning-research...” (Lindblom & Charles, 1959). 

3. The overall environment of spatial organization  

Spatial organization not only concerns the internal elements and their relationship, 

but also pays attention to the connection between internal and external systems. The 

overall organizational logic must consider the choice, distribution, and competition in 

the system, as well as the dominance, guidance, and control from external forces. It is 

dominated by two main orders, the internal system’s self-organization rules and the 

external environment’s organizational rules, which eventually forms a complicated 

mutual feedback process. 

In urban space, self-organization rules usually refer to the spatial order of natural 

elements and urban environment, such as the interaction between rivers, hills, trees and 

buildings in the city, that is, the order produced by the action of natural forces. Outside 

organizational rules are the spatial order produced by human social activities, such as 

the effects from human's own economic and social activities or value-oriented planning 

behaviours on space, which is considered as the goal of human society development. 

The key of spatial organization is figuring out the combination regulation between 

organizational elements and make the two orders exist harmoniously. Only on the basis 

of the organic coordination of the two spatial orders, the scientific use and construction 

of space can achieve the sustainable development of space. Therefore, the spatial 

organization model is dependent on the internal and external overall environment of a 

particular space, and the interaction of human social, economic, and cultural activities 

in that environment. Although outside organizational order have an impact on the 
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self-organization order, it is not a dominated factor. For example, the TOD area space 

has the self-organization characteristic, and a certain goal-oriented public policy 

intervention can affect spatial development. However, due to the complexity of the 

space system, interventions around a certain planning goal may have unforeseen 

consequences and form a spatial pattern which may be different from the original 

planning objectives. Thus, it is important to take both the internal and external systems 

into consideration. 

3.1.2 Spatial factors of TOD area 

The land use and facilities in the TOD area are the main material elements under 

this research, usually analyzed in terms of function, morphology and structure. Spatial 

function can constitute the foundation of space development. The change of function is 

the decisive factor of development and change of space. The spatial form can reflect the 

material characteristics of space, which is the bridge to understand the function and 

features of space. The spatial structure can reflect the relationship between different 

functions and elements, which helps to understand the systemic characteristics of the 

space. The content of TOD area spatial organization is constructed based on these three 

aspects. 

1. Function is the basis of TOD area  

TOD area is not only a node in the railway transit network, but also a place in the 

urban space. It needs to provide support to both the traffic demand and the urban life 

demand. Thus, the area has dual functions to satisfy traffic function and daily life. 

The traffic function of the TOD area is reflected as the support of traffic capability. 

Traffic demand is mainly divided into two aspects: external traffic and internal traffic 

within the station. Supports for external traffic functions can be represented as the 

railway station's transportation capacity and bus service level. The transportation 

capacity of a railway station refers to its ability to transport passengers, which can be 

quantified as the number of lines, the number of passengers on board, and the time 

interval between trains. Generally, the cross-transfer railway station has strong 



 

57 

 

transportation capacity. The bus service level refers to passenger travel time, cost, 

reliability, safety and comfort. Railway transit has stable running time and fast speed. It 

can reach the destination conveniently and quickly, and can avoid the interference of 

ground traffic congestion. Thus, it has certain advantages in travel time, safety and 

reliability. The TOD area's support for internal traffic functions is shown as the 

convenience of traffic between the surrounding areas and the stations. The traffic mode 

in the station area mainly depends on walking behaviour, so ‘walkability’ is necessary 

to be considered. 

The daily life functions of TOD area are reflected as the supports for living 

requirements such as consumption, employment, residence and entertainment. The 

function of the station determines the purpose of people's travel and has an impact on 

the demand of traffic capacity. For example, the commuting function will attract 

passengers in the morning and evening, while the commerce and entertainment 

function will attract passengers during weekends and nights. The configuration of 

different functions of the station constitutes the basis of various internal behavioural 

activities and is the essential feature of spatial existence. These functions should be 

rational and coordinated, and the links between functions should be considered. 

The main functions of railway transit reflected in the physical space mainly 

includes street space and function space. Function space includes commercial 

facilities, business office buildings, public infrastructures and living facilities. The 

spatial distribution of function space has a clear value orientation. In order to ensure 

the surrounding environment of the station can be maximally utilized, commercial 

facilities with higher probability and public service facilities with frequency of use are 

usually placed in areas closer to the station, and the residential facilities are usually 

located at some places which has a certain distance from the station, or roofs of 

commercial buildings. Street space mainly refers to public roads between buildings 

and function spaces. 

2. Street form is the geometric appearance of space  

In the urban built environment, the street is the spatial element which is the most 
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difficult to change. The time of its existence usually is the longest, and it is considered 

as the “skeleton” for organizing various urban functions. The urban spatial form is 

mainly reflected in the plane-to-space segmentation. Since different TOD areas have 

different development processes and spatial locations, the space around different 

stations will have different forms. The form is mainly affected by two factors: street 

grid configuration and street grid scale. 

The grid configuration mainly refers to the shape of two-dimensional spatial 

patterns composed of streets and open space. Street network has undergone a series of 

changes, from the ancient grid layout to the popular curve and tree network in the 

20th century (Ye, 2008). There are many classifications of street grid configuration. 

Southworth et al. (2003) classified the current urban road network into five types – 

gridiron, fragmented parallel, warped parallel, loops and lollipop and lollipops on a 

stick. On this basis, Riffa et al. (2011) and Wang et al. (2012) supplemented two 

forms, that is, the mixed road network and discrete road network. Based on road 

network types, Ma (2007) summarizes the spatial form of the city into six modes: 

orthogonal network, linear spindle network, ring network, tangent circle network, 

radial network and fishbone end network. Different networks can affect the 

relationship between different areas of space. For example, the blocks in the 

orthogonal network have strong homogeneity, and most of the roads are parallel. In 

addition, the path selection methods are various but similar. The ring network and the 

radial network have strong centrality, and most roads are aggregated towards the 

centre. The central area normally has a higher road level, and most paths must go 

through the central area to reach another area. Linear spindle network and fishbone 

end network are linearly aggregated, with the road level of the main street being 

higher. These two types of network have a large number of pedestrians and traffic 

volumes, and both sides of the space are symmetrical. 
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Five patterns of street network (source: Southworth and Ben-Joseph, 2003) 

 

Six patterns of street network (source: Ma, 2007) 

Figure 3.3 Examples of street network pattern Classification 

Grid scale mainly refers to the length of the street in the block, that is, the scale 

of the block. The block scales of different cities are different, and the block scales of 

different locations in the same city are also different. Grid scale is an important 

element of the spatial form. In the ancient cities, pedestrians and carriages were the 

main transportation methods. Because there were few transportation modes and no 

obvious road levels, the scales of blocks were usually small, about 80-120m. In the 

20th century, with the increasing use of cars, the road network scale increased (e.g. 

the length of the block in Radburn Idea reached 300-500m). With the surge of the 

number of cars, urban traffic congestion began to emerge. Modern research pointed 

out that increasing road network density and reducing street scale can effectively 

increase the efficiency of vehicles’ turn , especially left turn, and therefore improve 

traffic efficiency (Levinson, 2000). According to the 2018 Annual report on Road 

Network Density in Major Chinese Cities, the larger the city scale, the higher the 

street density, and the smaller the grid scale of the street. The Shenzhen Urban 

Planning Standard stipulates that the commercial area in the core area should be less 
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than 8000 m2, the distance between the branch road and the main road should be less 

than 150 m, and the scale of the residential land is smaller. 

3. The structure is the relationship of each factor 

As a system consists of nature, society, economy and culture, cities have 

complex natural structures, social structures, economic structures, and cultural 

structures. These structural elements ultimately will be reflected in the geographical 

space. The connections between the functions of elements, spatial distribution of 

elements, and combination of elements generate the spatial structure. Generally, 

spatial structure includes both material structures and non-physical structures. 

Although the immaterial spatial structure is more implicit and abstract, it can 

fundamentally affect the material structure. Spatial structure in urban research mainly 

refers to the spatial distribution and combination of material elements, the 

performance of structures in different regions, and the specific manifestation of 

functional organization of elements in certain geographical areas. Overall, spatial 

structure directly affects the functions of urban systems.  

Intensity of compactness is normally an important feature of the TOD area. The 

intensity of land use can be measured by indicators such as density, plot ratio and 

floor area. Density, as an important factor of land use, is a universally accepted 

measure of intensity of space utilization, which can show the basic efficiency of space 

and land use through the ratio of two values (i.e. relativity). Some scholars put 

forward the principle of Density Differential for TOD construction. Based on urban 

economics theory (Alonso, 1964), the relative density is used instead of absolute 

density. It is considered that the closer to the station, the higher the density of land use 

should be. Besides, different areas that stations locate also result in different density. 

For example, 200m area around the station has the highest density, the density is less 

but still high within 400m, and the density is just a bit higher than the normal value 

within 800m. That is, with the station being the center, the perimeter of the station has 

decreasing density along with the increasing of the distance between it and the centre. 

High density is a necessary condition for city to develop towards a more compact 
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form, but extremely high density may also affect the quality of environment. As 

people in different backgrounds have different feelings about high density of land use, 

different countries and regions set different standards for density of land use.   

Mixed land use is also an important characteristic adopted by TOD. The 

multi-functional land around the railway station can increase the possibility of 

reaching the traffic demand to reduce cross-regional travel, and reduce the total traffic 

volumes in the city. In addition, it can also reduce the spatial segregation to promote 

the social inclusion and acceptance and appeal to a broad range of people. The 

traditional concept on the division of functional areas is mainly due to the 

incompatibility between traditional industrial and residential functions. However, in 

the context of social development in the post-industrial era, due to urban industrial 

transformation and industrial upgrading, modern industries have gradually shifted 

from heavy industries to high-tech and other new industries. New industries have less 

pollution, less land area requirement, and more flexible layout. At the same time, it 

can attract a large number of high-quality people to live here, and therefore generate a 

large number of residents and living needs. Therefore, functional connections and 

interactions will happen in adjacent blocks. Highly mixed land use can internalize this 

part of the interaction demand, reduce external traffic demand, and stimulate the 

internal development of the region, ensuring that TOD communities can offer a 

lifestyle and housing options. 

Traffic is an important factor affecting the spatial structure of the TOD area. The 

standards for land use intensity and mixing of functions need to be adjusted based on 

the different capacities of transportation systems. The allocation of land use and 

spatial structure which do not consider traffic capacity and bus service levels often 

has a serious influence to the region. In addition, contemporary urban architecture 

cannot be completely separated from motorized traffic, especially where around 

railway stations, which are normally the regions with the most traffic volumes. 

Although the TOD theoretical model can encourage people to use more public 

transportation to control the rapid growth of motorized traffic, urban space units 
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cannot perform as theoretical models in high-density urban centers. When areas 

around stations are built, planners normally consider motorized traffic firstly and then 

build railway stations. This change of traffic structure will have an impact on space, 

such as increasing the crowd flow in the original station area, increasing price of land, 

and changing the original functions. 

3.1.3 Purpose and development of the TOD area 

1. Origin and purpose of TOD spatial organization  

Development of railway transit is a typical mode of the construction of large 

cities in China. Due to the rapid expansion of the city scale and the increased use of 

cars, the problems caused by traffic congestion are becoming more and more serious. 

Then, it is an inevitable choice for the city to develop and promote mass transit public 

transportation. Railway, as a method of public transportation, with large capacity, high 

speed and high service level, aims to solve traffic congestion, relieve urban traffic 

pressure, and provide residents with convenient, livable and efficient urban space. 

Therefore, the TOD area space is a typical functional space formed by improving the 

efficiency of urban land use, transportation and environment. Therefore, it has a 

purpose-oriented nature to achieve certain value expected by planners. 

1. The driving force of the TOD development 

Railway transit, by its nature, is public transportation which requires large 

investments and operation costs. Therefore, it is necessary to have ability to increase 

passengers, social benefits and economic values to enhance the capacity of sustainable 

development. With the continuous development of society and economy, people’s 

requirements on travel (e.g. travel purpose, time, spatial distribution and comfort) are 

constantly changing. As one of the major public transportation modes in large cities, 

railways are also constantly adjusting its traffic demand and functions, which has 

become the driving force for the continuous development and change of the TOD area. 

As the junction connecting railway transit and urban space, the TOD area 

continuously changes its spatial structure, which is the result of the interaction 
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between transportation system and land use. The TOD area has certain requirements 

for both traffic activities and urban space. As for transportation activities, 

large-capacity transportation capacity requires a large amount of passengers around 

the railway station. Therefore, when selecting the position of station, areas with a 

large number of crowds will be taken into account first. In urban space, in order to 

provide functions that support and attract a large number of people, it is usually 

ensured that the space has a higher attractiveness of people. That is, land and space 

construction will be taken into consideration on the aspect of stimulating travel 

demand through particular functions designed by people. 

As for functions, based on the mutual feedback relationship between urban 

transportation and land use, the improvement of traffic conditions and the 

accessibility of the area brought by railway transit can affect the functions of land use 

and promote commercial utilization of the land. Land around most railway stations in 

a city is usually occupied by high profitability businesses or public services, such as 

commercial trades or public service functions. Residential land is usually located in a 

peripheral area which has some distance from the station. Besides, there are also a 

small number of stations dominated by specific traffic function or travelling function. 

As for the appearance of the city, under the guidance of intercity transportation 

and bus rapid transit on the ground, the overall expansion trend of the physical and 

special form of the TOD area will expand along the main roads on the ground. When 

only one main road passes through the TOD area, the spatial form of the station will 

develop toward the form of an axis. When there are multiple main roads crossing 

TOD area, the spatial form of the station will develop towards a multi-directional 

block. 

As for the spatial structure, the development of railway transit has changed the 

traditional feeling of distance. The time and space caused by the distance is no longer 

the only factor affecting the choice of travelling. A fast transportation system greatly 

shortens the travel time, changes and improves the accessibility and location of the 

land, and thus affects a series of factors related to the location, such as land value, 
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bidding curve and other models. From the theory of differential rent, people living, 

working or consuming in the surrounding areas of the station can obtain the advantage 

of lower distance-transfer costs, compared with people without railway transit 

support. With the reduction of the friction cost and time loss in travel, entities in the 

region have gained more external benefits, resulting in agglomeration of demographic 

and economic factors and therefore generate agglomerative effects. Different levels of 

functions also have an impact on the size of the TOD area. Stations located in the 

central area of the city have larger radiation range than peripheral stations, due to the 

higher population density and land use intensity. 

3.1.4 Overall environment of TOD area spatial system 

From the perspective of spatial organization, the TOD area domain is a relatively 

complete system which can be divided into internal and external systems. Internal 

system changes mainly caused by the influence of the station, while external systems 

are mainly affected by human forces. 

1. Internal system  

In view of the self-organization of the internal system, railway stations and the 

surrounding space have mutual feedback influence. Railway stations, as a part of the 

space, will have an impact on the surrounding space, while the surrounding space, as 

a part of the traffic network nodes, will also have an impact on the stations. The two 

kinds of influence evolve as internal regulations of the development of stations. 

For the urban construction caused by the location of stations, influence on space 

made by stations is larger than influence on station made by space. Initially, the 

impact of the geographical accessibility of the station on the functional structure will 

attract more living, commercial, cultural and recreational facilities to locate around 

the station. With the prosperity of the area and increasing need for space utilization, 

the internal economic activities and land prices will be promoted, which therefore 

leads to an increase in traffic demand within the station. But this stimulus will not last 

for a long time. As the value of land rises, higher-profit commercial or commercial 
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spaces will dominate the area, agglomeration effects will happen, and other functional 

spaces will be transformed into commercial space, which can be described as 

self-reinforcing process of spatial activities (Gehl, 2002). Then, the spatial structure 

with a single function will generate around the station. People who remain in the 

region must pay more for external costs, and those who cannot afford to pay need 

move to areas with poor geographical accessibility. This in itself brings a series of 

social problems such as unfairness. 

After the introduction of railway stations in mature urban spaces, the affiliation 

between stations and spaces will changeover, with space making a more powerful 

influence. Additionally, the space system around the station will show resistance to 

the new external force, that is, the railway station. It is difficult for the railway station 

at this time to make absolute influence and change on the original urban spatial 

structure, especially for areas that are prominent and distinctive, such as urban 

attractions or historical reserves. Gerhard Curdes (2007) called it as "Structural 

resistance" in Stadtstruktur und Stadtgestaltung. 

2. External system  

In the regulation of the internal organization of TOD, public transportation nodes 

must have a good relationship with space in order to be mature. It is necessary to guide 

the area through the external means of outside organizations to track and control the 

changing trends of the station in different situations. As a result, at the same time of 

ensuring a virtuous circle between urban land use and transportation, the surrounding 

space structure can develop healthily and in an orderly way. 

The external forces affecting the space system mainly rely on government 

actions. The government's formulation and adjustment of spatial planning, land use 

division, and urban construction development policies can generally regulate the 

organization of the station system and coordinate and resolve conflicts between land 

use and transportation. These aims are mainly achieved through planning and 

management, such as, overall planning of the density and function of the station 

around area, control and management of the function and environmental indicators of 



 

66 

 

the specific block land use. 

3.2 Spatial Characteristics and Key Elements of TOD area 

The type of TOD should not be strictly differentiated, as the traffic systems and 

location features vary widely in the application of TOD. Due to the differences in urban 

characteristics, the TOD of central or suburban district of different cities has different 

characteristics. For the convenience of research, the TOD is usually classified 

according to location grade and function type. 

3.2.1 Spatial characteristics of different types of TOD area 

The classification of TOD mainly comes from three aspects: traffic nodes, spatial 

hierarchies and functions. The traffic function mainly refers to the location of the 

station in the urban rail transit system, which can be divided into original and terminal 

stations, the transfer stations and the intermediate stations. The guidance for land use 

planning and construction development around the station is weak. The primary 

classification associated with spatial organization around the site is the latter two 

methods. 

3.2.1.1 Spatial characteristics of the area of railway stations in different 

hierarchies 

The role of stations in the regional system is different from that in location. Some 

station areas are located in the bustling downtowns at the heart of the regional economy, 

while others are in more built-out neighbourhoods. Generally, stations can be divided 

into three level types according to location: regional level, city level and community 

level. In addition, due to different national urban structures, there are also types such as 

suburban centre, transit Town Centre, etc. However, in China, these latter types are less 

in quantity so that they do not belong to the main types. Therefore, this study mainly 

analyses the spatial characteristics of three common levels. 
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1. Spatial characteristics of regional-level stations  

Regional-level stations are the highest-ranked stations, usually as regional 

business centres, with a large radiation range, located in the highest level of public 

transport services (transfer hub with multiple subway or Bus Rapid Transit, BRT line). 

The station is mainly based on high-density office and commercial buildings. The scale 

of retail and business is significantly larger than the internal population, oriented to 

services including the surrounding areas of the overall regional market. There are more 

commuter flows and there is also a need to set up a residential, park or other service 

facility to increase the mixing degree. 

The United States TOD202 recommended that the walking time of TOD in 

regional centre should less than 5 minutes, total units target is 8,000-30,000, 

minimum floor area ratio (new employment) is 5.0 FAR, density within 1/4 mile of 

the station should be less than half mile. The TOD Guide from Queensland, Australia 

recommended that predominant development scale is within 800m of the station. The 

highest level is also mentioned - architectural density of TOD in city centre 

(Metropolitan capital) is over 100/300 dwelling per hectare. Building height of core 

area is ten stories. Residence, commercial, retail and community should account for 

30%, 40%, 20% and 10% respectively. In China, TOD in China recommends the 

range of stations area should be in the radius of 600m. The minimum density standard 

is employment position=200/hm2, living density = 400 people/hm2 and park, 

municipal accounted for 10% and 5% respectively. In most of the core station area, 

the density of buildings and flows are the highest, spatial clustering is the strongest, 

functional compounding is the most complex, sphere of influence from the station 

area is the largest and proportion of urban main road included is the biggest. 

2. Spatial characteristics of city-level station area  

City-level station area is also called the sub- regional level station, similar to the 

regional level, but the development intensity and overall density is slightly lower. As a 

sub-regional level, the proportion of employment, retail, municipal or cultural centres, 

or housing will rise or exceed the proportion of office buildings, and is oriented towards 
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services larger than the market in the region, generally approaching at least one Mass 

Transit Railway (MTR) station and many other bus stations. It also has a wide range of 

high-density residential and ancillary service facilities.  

By contrast to the standards set for regional centres, those for urban centres are 

with smaller scale. For example, The United States TOD202 recommends that the 

walking time of TOD in urban  centre should be 5-15 minutes, total units target is 

5,000-15,000, minimum floor area ratio (new employment) is 2.5 FAR. The TOD 

Guide of Queensland, Australia recommended that architectural density of urban TOD 

is over 60/180 dwelling per hectare. Building height of core area is over 4 storeys. 

Residence, commercial, retail and community should account for 60%, 25%, 10% and 

5% respectively. In China, TOD in China recommended the range of stations area 

should be in the radius of 400m. The minimum density standard is employment 

position=150/hm2, living density = 300 people/hm2 and park, municipal accounted 

for 10% and 5% separately. In most of the core station area, the density of buildings 

and flows are high, spatial clustering is the strong, functional compounding is 

complex to a certain degree, sphere of influence from the station area is large and 

proportion of urban main road included is big. 

3. Spatial characteristics of community-level station areas  

At an even smaller scale, Community-level stations are also known as the 

Neighbourhood Stations, mainly serving the surrounding primarily residential 

community, meeting the needs of the local residents. So it mainly oriented towards the 

needs of the population of the region, with small commercial retail, municipal 

administration and more varied living services such as parks, schools and civil services, 

and has a relatively low density. The region has the integrity to some degree, but usually 

not the destination of commuting. 

The United States TOD202 recommends that the total units target of TOD in 

urban neighbourhood should be 2500-10000, minimum floor area ratio (FAR) (new 

employment) is 1.0 FAR. TOD Guide of Queensland, Australia recommends that 

architectural density of urban TOD is over 100 dwelling per hectare. Building height 
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of core area is up to ten storeys. Residence, commercial, retail and community should 

account for 90%, 2.5%, 5% and 2.5% respectively. In our country, TOD in China 

recommends the minimum density standard is employment position=50/hm2, living 

density = 150 people/hm2 and park, municipal administration accounted for 10% and 

5% separately. In most of the core station area, the density of buildings and flows are 

low, spatial clustering is the normal, functional compounding is simple, influencing 

area is small and including more proportion of urban branch roads than main roads. 

3.2.1.2 Space characteristics of the area of railway station in functional 

perspective 

In addition to using the role of TOD in the regional system as a standard, 

function is also a common classification criterion. 

1. Business dominant 

The proportion of business functions in TOD area is large, and these areas are the 

main office and retail centre in the region. Most of these stations are located in central 

areas of the city, and have convenient links with office buildings, stations and other 

transport facilities. These stations have moderate development of underground space, 

and potential stations will be developed with high-density residential and 

commercial-oriented superstructures. (Development and Reform Commission of 

Shenzhen Municipality, 2011). 

2. Residential dominant 

The main purpose of this kind of station is to serve the daily life of the surrounding 

residents and provide daily entertainment and service functions in the TOD area. Their 

business size is small while residential size is large. Most of these stations are located in 

urban communities or suburban communities, having close links with the surrounding 

administrative, educational and recreational activities. The entrance and exit of the 

station echoes the access path of the residential area or other public transportation 

facilities. The upper cover of potential stations can be developed for residential and 

ancillary services of the density above medium size, emphasizing individualized station 
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design to reflect the city's style. 

3. Traffic hub dominant  

With limited community retail, office or public services, the main purpose of the 

transport hub function is to provide transportation and transfer services. Through the 

radiation of road network, stations can attract a wider range of passengers, and the 

proper arrangement of car connections and public transport links can guarantee the 

convenience of transfer. Most of these stations are located in important traffic nodes in 

the city or independent communities outside the city, connecting the cities with other 

areas through providing convenient transportation services. 

3.2.2 Importance of traffic service 

Traffic service is an important driving force of spatial development. The 

transportation system can transport people and logistics for the whole space system, 

just like the blood vessel system in the human body. Whether the network organization 

is blocked or not has decided the health degree of space function and space form to a 

large extent. Traffic service can not only influence the layout of the city at the 

macroscopic level, but also affect the spatial structure in the microcosmic level. 

In the space system of the area around railway station, the biggest difference 

between it and other urban space is that it can provide efficient transportation chioces. 

The interaction between station and the overall is mainly reflected in the transport links. 

A specific functional space of the station is formed through the mass bus flow transit 

between the station and external system as well as the combination of instantaneous 

high-density flow with land layout around the station. As an important bridge of 

internal and external spatial structure of area around station, the transportation 

organization has important value in the whole urban system. 

Traffic service can influence and support the function structure of stations. The 

higher the level of traffic network, the higher the spatial rank and the higher the 

function intensity and the influence scale. Different types of street classes can also 

change the way people out. For example, in areas where the bus is predominant, more 



 

71 

 

people will take the bus. Then public and openness of the region will be high. 

Correspondingly service facilities such as urban public function places and shopping 

malls will be more. In the bicycle or slow street-dominated areas, people’s short 

distance travel and related activities take up a big account, so that more recreational and 

entertainment functional venues will be formed. 

Traffic services can influence and adjust the street shape of the station. The 

multi-level traffic network system has fundamentally constructed the urban street 

system. A tree-like traffic network is easily formed when the number of high level 

motorized traffic lanes in urban areas is small and the direction is single. This too wide 

main road will cut the urban space, so that the fragmentation of space lack of continuity. 

When the space area is crossed by the road of similar level several times, the reticular 

urban space will be formed. The higher the traffic network ranks, the more traffic 

resources it occupies and the wider the range of traffic radiation. When the traffic 

service in the space such as bus, private car, taxi and slow traffic is arranged 

unreasonable, there will be problems in the layout of the road inside the block, and the 

problems of congestion and congestion are easy to occur, which directly affect the 

normal operation. 

The above analysis proves that traffic service has an important influence on space 

organization, which is the basis of the formation of space organization and the 

embodiment of the rationality of space organization. The area around railway station is 

a concentrated embodiment of the city's combination of efficient transportation and 

function. It is also a comprehensive coordination of traffic and urban functions in the 

limited urban land. It is improving the efficiency of space utilization while reducing the 

traffic pressure. However, the high-density and complex development is bound to bring 

a large number of complex and staggered traffic streamline. The design can ensure that 

all space functions are used conveniently and efficiently, so that the normal order of 

production and life will be maintained. Therefore, traffic service is one of the most 

important problems to be solved in the area around the railway station. 

However, the problem of traffic behaviour organization in the area around railway 
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station has not been paid enough attention nowadays. In the planning process, lacking 

of consideration for the systematic review of different traffic behaviours leads to the 

traffic develop in their own region independently. Most of the existing rail construction 

projects rely on the Transport Department, merely inserting the station into the place in 

the later stage, rather than designing integrative development at the early stage. In 

China, there is a lack of comprehensive, systematic and scientific analysis of the spatial 

and traffic service at Mid-level, and less attention is paid to the system planning of 

traffic flow, the organization of pedestrian flow and the level of roadway and sidewalk. 

The relevant research mostly focuses on macroscopic traffic network planning and 

micro-station design. In fact, the appropriate urban growth lies not only in the overall 

structure of the macro-city and the design of the micro-plots, but also in the good 

linkage and synergy of two spatial levels. 

3.2.3 Essential Features of space organization in TOD area 

According to 3.1.2, the main research contents of TOD area include three aspects: 

spatial function, form and structure. These spatial organizational factors have common 

features in different TOD area. Calthorpe (1993) described the TOD as follows: Taking 

bus and business areas as the centre, with radius about 600m, create a mixed 

community and compact development model, and integrate the surrounding living, 

retail, office, public facilities and open spaces through a pedestrian-friendly 

environment. The requirements of TOD's core function, space structure and space scale 

are all involved. 

Functionally, configuration and distribution of each type of facilities are the 

focuses of the research. TOD area mainly includes the following categories: transit 

station, commercial retail, office uses, public service, residential, open space and 

secondary area. In terms of function configuration, the function type and scale level of 

the TOD need to be determined according to the specific conditions of the region. The 

location and scale of the core business district are mainly determined by market 

demand. The higher the city's functional level is in the region, the higher the functional 
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orientation of the core zone. For example, in the urban TOD, there should be large 

shopping malls, commercial office buildings, and high-end hotels while in the 

community-level TOD, more supermarkets, retail stores, small office buildings and 

other facilities are essential. The size of the same residential function is also determined 

by the population plan of the region. In terms of functional distribution, these functional 

facilities should be as close as possible to the street. When the building is far from the 

street, the pedestrian walking distance is increased firstly, and the number of doors and 

windows and the number of people on the street are also reduced. The street is glazed 

over and too little visual enclosure. Besides, the security of the street is reduced.  

In terms of form, road network and block size are the main evaluation factors. 

Street density, intersection density and street topology are the main indicators of 

evaluation. The TOD advocates the use of Grid-like Street Networks to avoid tree-like 

road networks with more main roads, taking small-scale and medium-scale blocks. 

Because the network format road network can provide more path choices for traffic and 

walking in the city, it can spread the traffic flow on each road, reducing the impact of 

excessive motorized traffic on the main road. The smaller the scale of the block, the 

more beneficial it is to increase the density of the road network and promote the 

small-scale activity space. In addition, studies also show that the increase of the number 

of intersections can enhance the sense of freedom and control of pedestrians as they 

need not always take the same path to a given destination, and can shorten the overall 

walking time by reducing waiting time at fewer intersections. 

In terms of structure, density and mixing degree are the main evaluation factors. 

High density and mixing degree can promote walking behaviour and transit uses. In 

terms of density, Cervero (1998) claimed that tapering of densities with distance to 

station should like a wedding cake. The overall density is generally high. The core 

contains the highest density. High-density can be obtained by small scale buildings, in 

the way of raising lot coverages or high volumetric rate. The United States advocates 

the design of the TOD community as low-rise tower (Ewing, 2000), but the Hong Kong 

TOD Community advocates the design of high-rise building to increase density. Some 
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scholars put forward the principle of density differential for TOD Construction: on the 

basis of the theory of Urban Economics (Alonso, 1964), the principle replaces absolute 

density with relative density, and holds that the closer the station is, the higher the 

development density should be. It also says that the density of development area around 

the station in different locations should be different (Zhang &Liu, 2007; Wang, 2016). 

For example, the density within 200 meters of the station is the highest; density within 

400 meters is medium; and density within 800 meters is relatively low. A differential 

density model is formed through using the station as the center, with perimeter layers 

around the station declining. In terms of mixing degree, the prominent feature of core 

area should be a large proportion of commercial and work place. But the classification 

of each function should be divided carefully according to the neighborhoods objectives, 

market realities, and existing development patterns (Cervero, 1993; Calthorpe 1993; 

Ewing 1999). For example, according to the situation of local commuting, job balance 

can be used as a mix index. 

3.3 Shenzhen Spatial Characteristics of Railway Transit 

Development 

3.3.1 Overview of urban railway transit in Shenzhen 

From the origination in 1980, Shenzhen has experienced the start-up phase 

(1980-1992), developing and innovating phase (1992-2010) and scientific 

development phase (2010-current). The area of available land for urban construction 

has surged from 2.81 km2 in 1980 to 940 km2 in 2015, almost reaching the upper 

bound with 976 km2 in the 2020’s developing plan. The urban development of 

Shenzhen was mainly based on motorized transportation at the beginning. Then in the 

21st century, the focus gradually turned to the development of railway transit and 

public transportation. 

In the start-up phase, attentions were particularly paid to the southern region of 
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Shenzhen. A multiple groups spatial structure was constructed by combining the 

Shenzhen as the core and the radial development axis from the west to the middle and 

east as the basic skeleton. The horizontal bands pattern provided the spatial 

foundation for ordered development and the ringing endorsement for the future’s 

rapid and elastic expansion. As a vital structural controlling factor of urban space, the 

transportation network was centered on the Special Administration Region (SAR) 

with the expressway as the skeleton. The intercity road network was stretching to 

Hong Kong and surrounding areas, and the urban internal traffic network was made 

up by various cluster structures run through by the urban motor vehicle main road. All 

the above basically constituted the urban road transportation system of ‘three 

horizontal axis and twelve vertical axis’. However, due to the rapid development and 

the surging population, the traffic flow consequently increased. The new jobs were 

imbalanced with the original living environment. The traffic evacuation capacity 

between the initially planned cluster group was weak, leading to serious traffic 

congestions. In the subsequent planning, the grade standards of various roads were 

emphasized. The problem of insufficient planning on the motorized road network 

began to emerge gradually, and the urban traffic situation was extremely severe. 

Figure 3.4 Structure layout of Comprehensive Plan of Shenzhen 1986-2000 (source: 
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www.szpl.gov.cn) 

In 1992, the Shenzhen government proposed the General Plan of Shenzhen 

Railway transit Network, which played an important role in urban development and 

the ease on traffic pressure. The total length of the Shenzhen metro railway transit 

planning road network reaches 271 kilometers. The first phase of the construction 

project was approved by the State Council in 1998 and started in 2001. At the end of 

2004, 19 stations were fully opened. Shenzhen became the fourth city in China using 

subway. The first phase of the Shenzhen Metro approved by the state is divided into 

one horizontal and one vertical. Specifically, the horizontal section includes the east 

section of Line 1 (Luohu Station - Window of the World Station). The main section 

along the Shennan Avenue runs through the entire special zone with the east-west 

direction connecting the old commercial circle in Luohu district, Huaqiang Road 

commercial circle in Futian District and the OCT area in Nanshan District. The south 

section of the longitudinal Line 4 has opened four stations, from Children's Palace 

Station to Fumin Station. It intersects with Line 1 at the Convention and Exhibition 

Center Station, contributing to the railway transit infrastructure of the downtown of 

Shenzhen. According to the development plan of the SAR, the primary section of 

railway transit construction, taking full advantage of the resource as Hong Kong’s 

neighborhood, guided the city to gradually expand the function of the central area of 

Luohu District to the central area of Futian, further strengthening the financial and 

trading functions of Luohu and greatly promoting the administrative business function 

of the central area in Futian. Finally, the construction of the overall urban center 

system of “Futian-Luohu city center” had made great progress, and the sub-centers of 

each city had also developed to varying degrees. The space-promoting strategy with 

“three axes and three layers” established in the Shenzhen Urban Master Plan 

(1996-2010) experienced an incredible enhancement owing to the fitness with the 

main direction of regional traffic links. However, because the domestic understanding 

of railway transit was still in its infancy, the scale of the rail network in 1996’s urban 

master plan was small, and the location layout of the station in the central area also 



 

77 

 

failed to be considered in depth. At that time, the stations were only evenly distributed 

among the major developing spindles of cities rather than encrypted in the central area. 

Also, each station did not consider different traffic demand characteristics and 

accordingly differentiate the functions. As a result, the passenger flow demand of the 

main corridor of the railway transit was mismatched the channel resources, and the 

passenger during the peak period was crowded. 

 

Figure 3.5 Structure layout of Comprehensive Plan of Shenzhen 1996-2010 (source: 

www.szpl.gov.cn) 

Shenzhen gradually stepped into the scientific development stage since 

2010. The State Council approved the expansion of the Shenzhen Special Economic 

Zone to the whole city. In 2011, 106 stations in the second phase of the subway 

construction project were opened to public, and the orbital operation scale reached 

178.3 kilometers. So far, Shenzhen railway transit has formed a total of 5 lines and 

131 stations (including 13 transfer stations) and entered the network operation phase 

of railway transit. Although the 1996 master plan has a better effect on the total 

amount of construction land in the original SAR, it has weaker control over the SAR, 

and the "dualization" inside and outside the SAR is significantly different. With the 

increasing demand for large-scale labor-intensive industries at that time, a 
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considerable number of temporary residents was attracted, rising the population 

outside the original special zone. As of 2007, the current land use scale in Baoan 

District (322.1 km2) exceeded 109% of the planned index (153.75km2); the current 

land use scale of Longgang (238.29 km2) also exceeded the planned index (164.08 

km2) by 45%. The main usages of the additional land are in industrial and residential 

sector. The road network density is lower than the "Shenzhen City Planning Standards 

and Guidelines", and the traffic congestion between the inner and outer road network 

junctions (Nantou Check Point, Meilin Check Point, Buji Check Point, etc.) in the 

original SAR is serious. In order to realize the coordinated and integrated 

development inside and outside the SAR, “Shenzhen Urban Master Plan 

(2010-2020)” and “Shenzhen Main Line Road Network Plan” proposed the urban 

spatial structure with “seven-axis, two-zone and multi-center” and the traffic trunk 

line network plan with “seven horizontal and thirteen vertical lines”. They also 

encourage to transfer the urban road construction center to the outside of the special 

zone and actively promote the public transportation, especially railway transit, as the 

major urban development mode. On the basis of the principle of public transport 

priority, a passenger transportation system which coordinates the development of 

various modes of transportation with railway transit as the backbone and regular 

public transportation as the theme was built. Also, a large-capacity rapid transit 

corridor along the main development axis of the city was finished to guide and control 

the original development and construction outside the SAR. The second phase of the 

subway construction project increased the number of existing lines to five. The 

subway network extends to the inside and outside of the original SAR and the two 

areas of the city connect the outside areas of the city to become the main bloodline 

inside and outside the original SAR. 
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Figure 3.6 Shenzhen railway network from 2004-2011(source: DT database lab, 2016) 

At present, Shenzhen is fully promoting the construction of railway transit 

system. In the future, with the opening of lines 7, 9, and 11, the construction of five 

lines in the fourth phase and the plan on the next three lines (including extension 

lines), Shenzhen will form a total of 16 lines with the length of 589.1 kilometers and 

359 stations. It is estimated that in 2030, bus will bear more than 65% of the city's 

motorized travel, and the participation of railway transit should reach 50-60% of that, 

supporting the construction of new cities outside the city. In addition, the space 

structure of the Shenzhen railway system has been continuously optimized and 

adjusted. After the completion of the planning of the railway transit network, 

Shenzhen has successively completed the urban design work in some key areas and a 

series of planning work for the renovation of the old city. There are also some new 

requirements for the urban railway transit network planning. For example, the 

Shenzhen Bay Area will be optimized and adjusted to build the Houhai Central Area 

as a transportation hub, strengthen the integration and intensification of the central 

area's land use functions. Moreover, shape the Shenzhen Bay Reclamation into 

“headquarters economy bases” and add railway transit lines. It can be seen that 

railway transit plays an important role in adjusting the urban layout of Shenzhen and 

driving the development of surrounding areas. 
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3.3.2 Characteristics of railway transit network and passenger flow 

in Shenzhen 

1. Rail Transit network distribution and urban space development  

Shenzhen railway track mainly covers the circle within 20 km from the urban 

center, and the coverage of the surrounding areas in the western and eastern cities is 

relatively low. In the main axis of urban development and the central city, the subway 

lines and stations are densely distributed, and the trend of orbital travel is mainly 

centripetal. On the main axis of urban development in the center of Qianhai and Futian 

Luohu, the railway line is mainly developed along the Shennan Road in the east-west 

direction, and in the peripheral area developed along the Liuxian Road in the east-west 

direction. In the north and south, the railway line is mainly in the Futian central district, 

and spread along the Nanhai-Keyuan Road, the Xili and Shekou areas. 

Since most of the railway lines are constructed along the main roads, the spatial 

distribution of it is almost the same with the motorized traffic route. The entrances and 

exits of most of the stations are directly intersected with the larger-sized motor vehicle 

roads, and there is no separation of people and vehicles. This has led to a slow 

development of the slow-connect system in the surrounding areas of the station. 

Although many stations are equipped with walking facilities and bicycle parking 

facilities, the slow traffic space around the station area needs to be further improved due 

to the interference of motor vehicle lanes and the transportation integration transfer 

system. 

2. Transfer facility connection  

With the initial completion of the rail network integrated transfer system, the 

development of bus connection facilities has also achieved initial results. There are 

already 16 rail transit stations equipped with bus stops hub, and most of the stations are 

connected by bus stops. However, there are certain deficiencies in bus connections. 

Firstly, the driving route of the bus line or the intermediate route connected to the track 

is parallel with the track line, which causes the passenger flow to compete with each 
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other and cannot form an effective supplement. For example, in the western section of 

the Shekou line, there are nearly 150 bus lines connected to the rail transit, but 90% of 

the lines have a main direction parallel to the track line, and only 10% of the lines cross 

the track line vertically (Figure 3.7a). In addition, some transit facilities are far away 

from the entrance of the orbital station, and the distance between most stations is more 

than 100m. The transfer is far from the concept of “human-oriented”(Figure 3.7b). For 

example, Tai'an Station, Hongshan Station, Shenkang Station and Antoshan Station are 

about 300m-500m away from the nearest bus stop. Passengers need to walk a long 

distance to take the metro. 

  

       a).Bus lines of Shekou station              b).Bus stops in the Antuoshan station 

Figure 3.7 Transit facilities around Shekou and Antuoshan station 

Shenzhen rail transit passenger flow has experienced three development stages 

since its opening in 2004. First of all, in 2005-2009, the passenger traffic showed a 

rapid growth trend, and the average annual passenger flow increased from 160,000 to 

450,000. Then in 2010-2011, the passenger traffic city exploded, with an average daily 

passenger flow of 620,000. It has increased to 1.9 million person-times; since 2012, the 

average annual passenger flow has continued to grow. Till the mid-2016, the average 

daily passenger flow of the Shenzhen Metro has exceeded 3 million. 
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Figure 3.8 Annual growth of Shenzhen railway average daily ridership and network length 

(Source: China Urban Rail Transit Association, 2016) 

Compared with the rest cities in the country, the overall passenger traffic of 

Shenzhen rail transit is relatively large. However, compared with cities of the same 

development level, Shenzhen rail transit passenger traffic still has a large room for 

improvement. According to the 2016 Statistical and Analysis Report of Urban Rail 

Transit issued by China Urban Rail Transit Association, the length of Shenzhen Rail 

Transit Operation Line is 286.5 kilometers, and the average daily passenger flow of the 

subway is about 3.54 million times, ranking fourth in the country. The length of 

Guangzhou urban rail transit operation line is 276.3 kilometers, with an average daily 

passenger flow of 7.02 million passengers; Shanghai urban rail transit operation line is 

682.5 kilometers long, with an average daily passenger flow of 9.28 million passengers; 

Beijing urban rail transit operation line length is 650.4 kilometers, and daily average 

passenger flow is 8.25 million passengers. It can be seen that the passenger traffic 

volume of Shenzhen rail transit is significantly different from that of Shanghai and 

Beijing. Compared with Guangzhou, same length of operation line with Shenzhen, the 

total passenger traffic of Shenzhen is only half of it. As of 2018, the average daily peak 

passenger traffic of Shenzhen Rail Transit has only exceeded 5 million, which is far 

lower than other cities with the same level of development. 
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Figure 3.9 Comparison of passenger flow intensity of China in2015 and 2016 (Source: China 

Urban Rail Transit Association, 2016) 

In summary, Shenzhen's overall rail transit peak passenger flow has high 

agglomeration and imbalance characteristics. In the morning and evening peak stations, 

the traffic volume is large, and there is a job-housing separation trend. The stations 

surrounding the commercial and office buildings have a large passenger flow at the 

morning peak, while the stations with residential buildings have a large passenger flow 

at the morning peak, and the evening peak is opposite. Most of the commercial office 

stations in Shenzhen are concentrated in the urban center, while most of the urban 

peripheral stations belong to residential stations. Reflected in the traffic, the 

performance of the tide is relatively large. According to the statistics of the 

Comprehensive Transportation Office of the Shenzhen Urban Planning & Land 

Resource Research Center in 2014, the peak line of Line 4 is the most crowded and has 

the largest two-way imbalances, which followed by Line 3. 

Table 3.1 Summary of imbalance coefficient of each railway line (Source: China Urban Rail 

Transit Association, 2016) 

Line Peak time period of passenger flow Imbalance coefficient 

Line 1 7:45-8:45 1.31 

Line 2 8:00-8:30 1.65 

Line 3 8:00-8:30 5.21 

Line 4 8:00-8:30 7.3 

Line 5 7:45-8:45 1.04 

In addition, the passenger flow of some stations does not match the urban 
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positioning and development functions. Taking the passenger flow of the working day 

in September 2016 as an example, the Longgang New Town Area of Longgang 

District ,city's sub-center, and the Longhua New City Area of Longhua District and the 

Central Living District (CLD) has middle and lower reaches of the daily average 

passenger flow. For the Nanshan Houhai Commercial Area and the Baoan Central 

Business District, the daily average passenger traffic level is also very low. 

 Figure 3.10 Ridership of Shenzhen railway stations 

3.3.3 Land-use characteristics of Shenzhen TOD Area 

The railway station of Shenzhen overall cannot be considered as a typical TOD. 

The land-use developments around stations are relatively inattentive, with limit 

positive effects on transit. Although the planning concept of TOD is applied and the 

road network and pedestrian network are almost overlap around the stations, Shenzhen 

has not indeed realized the TOD development. Owing to that urban construction is in 

advance of rail construction, communities exist prior to the railways around many 

stations. Urban development of surrounding land is oriented by transit-adjacent 
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development instead of bus. Therefore, the promoting effect of its development efforts 

to railway transit is not obvious, which is common in the Chinese cities at present. 

The land in the old quarters of Shenzhen developed quite early, and mature 

communities were built before the railway, with high density of the population. For 

instance, the area of Shenzhen University was gradually formulated with the land 

function space taking university as the core in the 1980s and then in the1990s, motor 

traffic road was used as the framework to build Nanshan Science Park. It is difficult 

for the station stops opened 10 years after to alter the existing land use pattern and 

spatial structure, and the stations are merely used as supporting facilities of land. 

Accordingly, stations are not located in the core areas in terms of the development 

density, and the peripheral spatial structure does not show typical TOD’s structure 

characteristics of taking stations as the core. 

As for the stations on the outside city, the development intensity of station area is 

relatively weak and development period and construction cycle are quite long and 

their spatial structure is not yet mature. Extensive land use, scattered distribution of 

industrial and living functions, the lack of fundamental supporting facilities, and plane 

development status result in the low efficiency of land resource use around stations 

and more growing room is expected for it.   

3.3.4 Characteristics of Shenzhen TOD Area Urban Form 

Central districts in the city area overall show the highest road network density and 

land use density, followed by city sub-centres, communities centres, and suburbs in 

sequence. 

The distribution of urban road network form represents spatial concentration, 

which considered as Node-based pattern. Road network tends to become more gridding 

and more axial, as it is closer to the city centre and sub-centre, while it tends to become 

more mixed crushing when closer to city suburbs. The development of station area 

located in the city centre is relatively mature and the road system is more complete. On 

the contrast, the station area in the suburbs develops relatively slowly and the road 
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network is less complete. For example, the station area in the centre of Futian shows the 

grid structure with better uniformity of station stop distribution and weaker space 

centrality within the station. The station stops in the city centre from Nanshan to Baoan, 

Luohu centre, and Longgang centre mostly locate near the living trunk road with more 

living service facilities and station area is linear spindle grid structurer and the 

surrounding facilities gather in the ribbon pattern towards the axial direction. The 

station stops located in the suburbs mostly are fishbone proximal mesh or fragmentized 

and incomplete street gridding structure.  

Figure 3.11 Street and railway network of Shenzhen 

The number of the stations spreading in the circle pattern is quite large. The 

walking service area spreads to each direction in the circle layer, and the cover area is 

large. Besides, since most of them locate in the urban centres, corresponding urban 

planning and city design are relatively complete and the function as well as the density 

are controlled and the environmental quality is better.  

There are not many stations show the corridor growth pattern. The level of the 

roads within them has huge influence to the road network. When there is only one trunk 

road crossing it, walking service area spreads along the main road in the axial pattern 
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and the service facilities gather around the main roads. When the stations cross the 

secondary main roads, the surrounding service facilities do not significantly aggregate 

around the station stops and the station area does not form obvious compact layout. 

Different stations present great difference in the spatial environment quality.  

3.4 Factors of the Area Around Railway Station in Shenzhen 

3.4.1 Typical mode of spatial organization around TOD station of 

Shenzhen 

Although the TOD's basic structure is a Node-based distribution (with a centre of 

a commercial center or public service, etc.), the space affected by TOD nodes will 

also show a planar or corridor shape. The reason is that, grid-shape blocks and 

axial-shape blocks dominate in traditional cities. In fact, the Node-based distribution 

mentioned in the TOD theory rarely exists in Shenzhen. According to the research 

content and related characteristics of the TOD spatial organization model, the spatial 

organization and functional structure of Shenzhen can be divided into the following 

three modes. 

1. Node-based  

This type of railway station affects surrounding space in all directions, and its 

radiation range is a circle-shape compact space around the railway station, with the 

station being the centre. The core circle is operating for commercial business or public 

service function, and the periphery is normally residential properties or green parks. 

High-density compact structural units are provided in the core area to ensure the 

volume of passengers at the railway station and the number of consumers in the core 

area. The main representative stations are Shopping park station, Gangxia station, 

Minzhi station. 

2. Circle-based 

This type of area around railway station may also generate, because it is not fully 
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developed in the core area, or the construction period is later than the land 

development period. Since the station function is inserted in the later period, a certain 

spatial pattern has already been formed in the area. Thus, the geographic accessibility 

has a limited impact on the surrounding space structure, and it is difficult to change 

the land use structure. The core area of such stations is usually the land waiting to be 

developed, or official, commercial retail or residential area with medium density. The 

periphery has relatively mature urban residential groups. The main representative 

station has Lingzhi station, Baishilong station, Shenzhen university station. 

3. Corridor-based 

Although the Corridor-based planning is not recommended in the TOD area, it is 

very common in China. China is mainly constructed based on motor vehicles in the 

early urban traffic construction period, and the subsequent station selection of railway 

stations is usually set along the main roads of large motor vehicles. The reason is that, 

on the one hand, in the urban built environment, only the underground of large main 

roads have enough space to support the construction of the rails; on the other hand, it 

is aimed to alleviate the huge pressure on the traffic flow on the main road, and utilize 

the popularity of the existing main roads area to accelerate the formation of the 

railway station domain. Therefore, many railway stations in Shenzhen adopt 

Corridor-based spatial structure, which normally grows along the main road. The 

main representative station has Window of the world station, Sea world station, 

Tanglang station. 

   

1) Node-based                  2) Circle-based                    3) Corridor-based 

Figure 3.12 Three typical spatial organization mode in Shenzhen 
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3.4.2 Calculation of spatial organization factors 

3.4.2.1.Function distribution 

Functional factors have been proven as the most important factor affecting 

people flow (Hu et al., 2016). In terms of functional facilities, the intensity, type and 

distribution structure of the facility are the main evaluation aspects. Therefore, the 

evaluation content can be divided into intensity, type and distribution features. 

1. Number of facility 

Commercial, office, residential, and public service facilities are often considered 

to have a greater impact on people flow. The density of these four facilities, that is, the 

number of facilities in a certain orbital station area is the primary calculation indicator. 

The formula is as follows: 

                          (3.1) 

2. Type of Facility  

This indicator reflects the number of types of facilities of each street. Studies 

have shown that the type of facility has a greater impact on population distribution (). 

This study takes the number of facilities type as an indicator. The largest number of 

facility type contain seven kinds of facilities in a street based on the POI classification 

in Section 3.4.3. The formula is as follows: 

                       (3.2) 

3.Job-housing balance 

Since the maximum period of traffic in the city is usually the morning and 

evening peaks of commuting, the ratio of the resident population or the ratio of 

occupation to housing becomes a important factor. Some studies have found that the 

Job-housing balance has more practical significance than the land-use entropy 

indicator (Li et al., 2016). The focus of this study is the peak period with large 

passenger flow. Therefore, the Job-housing balance is evaluated as a functional 

quantitative indicator. The formula is as follows: 
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                          (3.3) 

where  is the POI number of office facilities, and  is the POI number 

of residential facilities . 

3.4.2.2.Street form 

After reviewing the Network Analysis Theory, Path Structure Theory and Spatial 

Syntax Theory, it is found that the quantitative indicators describing the network 

topology have similarities. For example, Proximity in Network Analysis and 

Integration in Space Syntax, Betweenness in Urban Network Analysis and Chioce in 

the Space Syntax, are almost the same attributes of the network. Therefore, in the 

evaluation of this study, network topology indicators are integrated, and the following 

aspects are mainly selected. 

1.Connectivity 

Connect feature is a main character in all topology analysis. It refers to the 

number of times that a street intersects with other streets in a road network. The 

formula is as follows: 

Ci=K                              (3.4) 

Where Ci is the connectivity of the i-th axis, and K represents the number of 

other axes directly connected to the axis i. 

2.Integration 

Integration is also a main character in all topology analysis. It refers to the 

 

Figure 3.13 The relationship of network topology indices 
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concentration of connections between a street and other streets. The higher the 

integration, the higher the convenience of reaching the street. The formula is as 

follows: 

  

= 2{n(                  (3.5) 

Where  is the local integration. n is the number of connecting time of a street. 

3.Control 

Control refers to the degree of control of a street and other connected streets. The 

higher the degree of control, the less the number of streets connected to the street, and 

the more dominant the street in the whole. The formula is as follows: 

Ctrli=                                  (3.6) 

Where K is the number of streets directly connected to the i-th street, and cj is 

the number of connections between the j-th street and the surrounding streets. 

4.Depth 

Depth refers to the shortest topological distance from one street to another. The 

greater the depth value, the lower the reachability of the street to other streets. The 

formula is as follows: 

Depi=                                  (3.7) 

Where k is the total number of streets in the network, and d is the number of 

connection steps between the i-th street and the j-th street. 

5. Betweenness 

in this study, the Betweenness refers to the flow of urban facilities carried on a 

certain street, that is, the number of times a street has been passed when it reaches all 

surrounding facilities from the subway station. The formula is as follows: 

Beti                          (3.8) 
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Where njk[i] is the number of passing times of street i when walk from the 

starting point j to the destination point k. 

3.4.2.3.Traffic service 

In the previous study, built environment could affect the walk behaviours by the 

traffic environment, such as the width of the sidewalk and the separation of the motor 

vehicle (Wei & Pan, 2017). Therefore, from the perspective of traffic service, this 

paper evaluates three aspects of motorized traffic, pedestrian traffic and destination 

location by following indicators. 

1. Road hierarchy 

This indicator mainly refers to the road hierarchy in urban planning, mainly to 

control the impact of motorized vehicles on walking behaviours. In this paper, the 

street hierarchy with the study area is not as much as that of the whole city. Therefore, 

the hierarchy of each road are divided into two level : the main road or the secondary 

road with a width of more than 30m is set to value 1, and the secondary road or 

branch roads with a width of less than 30m is set to value 2. 

2. Width of pavement 

This index is mainly to reflect the pedestrian environmental quality. The 

effective width of the sidewalk measured in the field survey is used as an evaluation 

index. 

3.Width of motor way 

This index is reflect the quality of the passing through environment of motor 

vehicles on a street, as an auxiliary indicator of road traffic. The indicators are also 

obtained from the field survey. 

4.Spatail organization mode 

The spatial organization mode is a comprehensive variable that is related to 

function, form, and transportation. This paper claimed that it can reflect the overall 

organization of traffic flow volume and the walking rout. It includes three modes: 

Node-based mode (value 1), Circle-based mode (value 2) and Corridor-based mode 
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(value 3). 

3.4.3 Data source and pre-process 

The basic spatial data selected in this study mainly includes Point-of-interest 

(POI), OpenStreetMap (OSM) and geographic information monitor data. 

1.Data Source and pre-process of space function 

POI data refers to geographical entities that can be abstracted as points and 

closely related to people's lives, which includes spatial location and name, type and 

other attribute information. The source of POI data is mainly from opensource online 

map. The POI data selected in this study is from 2016 Gaode map. There are a total of 

921,809 in the Shenzhen area. There are 22 categories of general classes and 219 

categories of specific classes. Due to the numerous classifications and the existence of 

duplication, it is necessary to re-screen and classify according to the research purpose. 

Currently, there are many classification methods for online map POI. It is 

common to divide it into 5 categories according to the purpose of travelling, or 7 

categories according to urban land use classification standards. In order to facilitate 

the discussion with the urban planning land use indicators, this study chooses to 

classify the original data into 7 categories according to the Urban Land Classification 

and Planning and Construction Land Use Standards (GB50137-2011), and divide 

them into sub-categories according to the land use classification. In order to meet the 

research purpose, the points of repeated and invalid information such as traffic 

facilities, name, address information and event activities are deleted, and finally 7 

kinds of categories and 19 types of sub-categories are obtained, totalling 827,416 

points. Within 800m around the station, 504,254 points are covered. The final 

distribution is as shown in Figure 3.14 and 3.15. 
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Figure 3.15 POI geographical distribution in Shenzhen 

2. Data source and pre-process of street network  

The urban road network data in this study is mainly obtained from 2016 

OpenStreetMap (OSM). OSM is crowdsourcing geographic information from 

opensource. Through the shared maps contributed by volunteers around the world, it 

can include many daily travel modes such as walking, providing more abundant and 

detailed road network data than map vendors. It has been widely used in urban 

research. 

OSM can capture and storage files in Shapefile format from the cooperative 
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Figure 3.14 Classification result of POI data 
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website and use GIS for visualization. The original data uses a data structure 

containing topological properties, using node, way and relation to describe the point, 

line, and polygon in the GIS. The road elements used in this analysis are derived from 

the road layer, which is the polyline layer that has been organized in the shapefile. . 

The attributes mainly include ID, shape and other indexes as Figure 3.16 shows. 

 

Figure 3.16 Sample of OSM database 

For the visualization of the research data, the way that the data is displayed can be 

modified according to the attributes. Different grades and types of roads are given 

different colors and widths. A deeper color or larger width means the higher road grade. 

The result of visualization is as shown. 

 

Figure 3.17 OSM geographical distribution in Shenzhen 

3. Geographical information monitor data 

Geographical information survey is an important survey for a nation, through 

which geographic information of the country can be comprehensively collected. It 

mainly collects information about the spatial distribution of natural elements and 
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human geography elements on the surface of earth, such as data of various 

administrative divisions, ecological resources and land environment. The data 

selected in this study mainly includes the administrative area within the Shenzhen city, 

the train and subway rails, the built-up area, the green vegetation, and the water area, 

which are used to correct and analysis the distribution of subsequent functions and 

road facilities.    

\ 

Figure 3.19 Geographic information characters in Shenzhen 

3.4.4 Overview of spatial data results 

3.4.4.1 Overall function distribution of Shenzhen TOD 

  

 Figure 3.18 POI number in each district and hierarchy area 
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Figure 3.20 POI density around railway stations 

According to the statistics of the POIs distributed in each administrative area, the 

number of POI facilities in the Futian district railway station is the largest, and the 

number of POI facilities in the Nanshan district railway station is the least. It can be 

seen from the kernel density estimation map of the facility distribution that most of 

the facilities around the station have a tendency to concentrate on the rail lines, but the 

degree of aggregation is not high. From the perspective of the city, the Huaqiang 

North area in Futian district is the core area, as for the distribution of urban functional 

facilities. The Guomao area in Luohu district also attracts a large number of 

functional facilities. This is basically consistent with the ideal ‘city center of 

Futian-Luohu’ proposed in the Shenzhen Urban Planning 2010-2020. As for another 

city's main center, the Qianhai Center, it has less functions, and the scale is not 

obvious, because the current construction has not yet been completed. 

 

Figure 3.21 Distribution of commercial POI number in TOD area 

The distribution of commercial function facilities is shown in Figure 3.21. 

Overall, the commercial functions of various railway stations in Shenzhen are linearly 

decreasing, and the highest density areas are located in the Guoqiang area of 
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Huaqiang North-Luohu district, Futian district. This area is one of the earliest 

developed areas in Shenzhen. It has mature commercial services and supporting 

facilities, forming a corridor area that aggregates Shenzhen's diversified businesses. It 

is followed by the core areas of each administrative region, such as Futian Central 

district, Daxin-Taoyuan district and Baoan Central district. The development of these 

new areas hasn’t undergone a long time and the number of facilities is not as much as 

that of Luohu. Stations with scarce commercial facilities are mainly located in 

warehouse terminals, old industrial areas or urban periphery area under development. 

 

Figure 3.22 Distribution of public service POI number in TOD area 

The public service facilities are distributed as shown in Figure 3.22. On the 

whole, in addition to few individual stations with many public services in Shenzhen, 

the number of public services in other stations has a linearly decreasing distribution. 

The top five stations include Hubei, Grand Theatre, Science Museum, Guomao, 

Chegong Temple and Taoyuan. Most of these stations are concentrated in the central 

area of Luohu, with less stations gathering in the Guanwai area. There is aggregative 

trend in the urban sub-centers - Baoan Central District, Nanshan Central District and 

Longhua Central District. 
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Figure 3.23 Distribution of business POI number in TOD area 

The distribution of office facilities has declined exponentially within the city's 

territory. The facilities are mainly concentrated in Huaqiang North, Guomao, Chegong 

temple and Gaoxinyuan stations. Huaqiang North and Guomao District are traditional 

business function areas. Due to the distribution of a large number of commercial 

facilities, the number of jobs and office buildings has been relatively high. Chegong 

temple and Gaoxinyuan areas are new urban business districts with a large 

concentration of high-paying enterprises and high-tech industries, which  are the 

preferred locations for many innovative companies. Sites with less office facilities are 

mainly locate in the warehouse, wharf and the undeveloped Qianhai area. 

 

Figure 3.24 Distribution of residential POI number in TOD area 

The distribution of residential functional facilities also declined exponentially, 

and the facilities were mainly concentrated in the second-line inner city area of the 

Special Zone. The area with the largest number of facilities is located in the middle of 

Luohu District. It is surrounded by three subway lines and is close to Luohu railway 

Station. Therefore, the transportation in the area is convenient. The second is the 

Minzhi Street area in the south of Longhua District. The area has a long history and 

existed before the founding of people’s republic of China. In 1941, when Hong Kong 

fell, it was used as a base for command and rescue. At present, there are more 

communities and residents, and the service facilities are more complete, while the 

number of residential facilities in the outskirts of the city is significantly less. 

Overall, under the multi-center plan of the city, the internal functional centers 

have revealed a decentralized pattern. Commercial, business, residential and public 
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service centers are still mainly concentrated in the inner city area. 

3.4.4.2 Overall streets form of Shenzhen TOD areas 

As for street density distribution, the street density in the southern part of the city 

is significantly higher than that in the north. The southern region is a strip-shaped area 

formed by the two city centrals (i.e Futian-Luohu center and Nanshan-Qianhai center). 

The transportation links are relatively close and the trend is extended to the Baoan 

Center. According to the information released by the Shenzhen traffic commission in 

“The First set of Bus Route Plan for 2017”, the Science and Technology Park and 

Chegong Temple in the southern region are still hot spots for the city's commuting 

needs. In the morning peak period, citizens go to work, and the demand for road 

traffic is large. 

As for distribution of street intersections, the density in the southern region is 

greater than in the northern region. Due to the large-scale urban villages in Baishizhou 

and Shangmeilin, the scale of the street block is small, and the number of roads and 

intersections is large. At the same time, the southern region is also the region with the 

highest proportion of registered households, and the daily traffic demand is relatively 

high. Many stations along the railway transit in the northern region are still under 

development. Wang (2011) indicated that there are a large number of Hub points in 

the road network in Shenzhen, which forms the spatial heterogeneity of the network 

structure: the mature road network develops from the initial small scale, lack of 

spatial regularity towards a spatial structure with relatively perfect network structure, 

with the characteristic of outward expansion from the economic center. With the 

expansion of the transportation system and the development of a large number of 

tree-shaped road systems, the complexity of the road network increases, and the level 

of structural development declines. The network structure index continues to 

decrease. 
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3.5 Summary 

This chapter analyzes the relevant research basis of spatial organization, including 

its development purpose and connotation. It analyzes the differences of TOD areas to 

extract spatial organization elements. Then taking Shenzhen City as an example, it 

conducts a preliminary analysis of 118 TOD areas in the whole city, and divides these 

station areas into three mode types: Node-based mode, Circle-based mode and 

Corridor-based mode. According to the characteristics of spatial organization, 19 

indicators of spatial organization quantification were extracted from three aspects 

which are functional facilities, street form and traffic service. The overall data of the 

TOD area in Shenzhen has been evaluated and the independent variables of the study 

have been established.  
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4. CHAPTER 4 EVALUATION OF WALKING 

SERVICE EFFICIENCY 

Efficiency is the prime objective and evaluation criteria of urban transportation. 

Walking is a traditional and important transit mode, so its evaluation of efficiency is 

necessary. The basic principle of TOD area is to guide pedestrian walking to be fast and 

convenient from the station. This chapter will analyse the walking service efficiency of 

TOD areas from four aspects, namely, the connotation of daily walking, the connection 

between walking and urban space, the current problems, and the evaluated framework, 

which build the foundation of correlation analysis for the next chapter. 

4.1 The Characteristics and Value of Walking Behaviours 

4.1.1 Characteristics of walking behaviours 

1. Walking behaviour is complexity.  

Walking behaviours are different because of distinct purposes, physical 

environments, and pedestrian mental states. When pedestrians in a road traffic system are 

a small number and so with low density, the spatial and temporal distribution of 

pedestrian flow is relatively discrete and uniform. Under such situation, pedestrians tend 

to be in a random state, and their actions and behaviours are likely to be simple. However, 

as the density of pedestrians increases, directions of motion tend to become more random 

or miscellaneous, and behaviours can be complex. Self-organization phenomena will 

appear, such as lane formation, strip strip formation, bottleneck oscillation, zipper effect 

and so on. 

Intersection inference of changing to walk cannot be ignored. Railway stations, as 

the transportation junction, are surrounded by bus stops for passengers to transfer. Plenty 

of passengers want to use the transportation function of the station area rather than place 

function. The large number of passenger flow volume regularly occurs or disperses 

following the arrival time of the underground and the inequity of passenger flow 
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volume’s spatial and temporal distribution is obvious, probably influencing people 

shopping or conducting other activities in the stations. When the passenger flow volume 

in the station is huge and there are multiple bus stops around it, the transportation function 

of walking for that area is more significant. When the passenger flow volume in the 

station is huge but the number of bus stops is small, the place function of that area is more 

obvious. Through this way, we can judge whether the function of station is dominated by 

transportation function or place function. For stations with Node-Place binary attributes, 

the problems for analysis include how to realize the maximization of pedestrian 

distribution capacity for stations and how to coordinate conflicts between different 

pedestrian flows.  

2. Walking relies on the built environment.  

Walking as a way of transportation with slow speed is restricted by time, distance, 

and self-strength. Walking behaviours depend on the built environment of the city and 

they may show distinct characteristics in terms of different places and facilities.  

In general, when people travel within their comfortable distance, they tend to choose 

walking, or when they have no other options, they have to choose it. The widely 

acceptable time for walking to a station is usually between 10 and 15 minutes. If the 

walking speed is 5 kilometres per hour, the acceptable walking distance is from 800 to 

1000 metres. Although this distance may vary with age, social background, and built 

environment, it is still within the scope of short travel. As a result, a proper walking 

distance is an important factor to the scope of the station area. 

More space resources are needed for walking, such as sidewalks, evacuation squares, 

and green parks, and those places are important space resources for walking. The space, 

location of facility, connectivity, and approachability can influence walking. When the 

space does not possess those resources, the walking activities will be restricted.  

In addition, different combinations of space resources may influence walking as well. 

The facilities for walking, including overpass, crosswalk, and underpass, are essential for 

connecting the walking spaces. When walking paths do not exist between the place of 

departure and the destination, or walking facilities cannot provide enough support, 

walking will be less likely to happen and the willingness of walking may be weakened.  

Finally, walking can also be influenced by the quality of the built environments. 
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Wide sidewalks, beautiful green landscapes, perfect service facilities and a static traffic 

strategy usually can encourage walking behaviours and increase the possibility of it.  

3. Walking can be easily influenced by other transportation.  

Although walking is promoted as the main way of travelling around stations, 

practically there are also some travellers using other means of transportation. Therefore, 

the study should be considering not only walking itself, but also the relationship between 

walking and other modes of transportation.  

Walking commonly occurs on the sidewalks, but because they are usually close to or 

even share space with bicycle lanes or motor lanes. Pedestrians have the demands of 

crossing the roads, so it may often have intersections with other transport modes. 

Pedestrians are the most disadvantaged group in the traffic flow and they are very 

vulnerable when accidents occur, so other transport means can have significant influence 

on walking, and this needs to be focused. Besides, the costs of using walking to travel are 

higher than other ways considering the strength and time, consequently the negative 

effects of the spatial environment tend to cause people to choose other means of 

transportation instead of walking. It is necessary to pay attention and properly organize 

the connection between flow of foot traffic and other traffic flow in order to reduce the 

possibility of accidents to the greatest extent.  

4.1.2 Characteristics of walkable space 

In the city, walking behaviour is closely related to the built environment. Therefore, 

to achieve the goal of walking, requests will be made to the designers of urban structure, 

layout and organization of the space. The basic characteristics of the walkable space 

 are mentioned in numerous studies, mainly including the objective level and the 

subjective level. The subjective level usually divides the spatial characteristics from the 

perspective of pedestrians' subjective satisfaction. Usually, the questionnaire is used to 

guide pedestrians to score according to the walking demand. The walkable space feature 

is divided into subjective features such as safety, convenience, comfort and pleasure. 

Objective characteristics are the evaluation and calculation of environmental factors, and 

the evaluation on indicators such as continuity, spatial scale and facility layout are made 
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through index comparisons. Some scholars have combined the above two and 

summarized the characteristics of the walking space into multiple aspects given objective 

and subjective features, including spatial form, scale and proportion, visual perception, 

directionality and continuity. Objective spatial environment characteristics can influence 

subjective perception, which is the basis of subjective evaluation and the focus of this 

study. 

1. Spatial form 

Spatial form is the most important feature in the study of walkability. Previous 

scholars have discussed the morphological characteristics under walking guidance, and 

believe that accessibility, proximity and continuity are the main spatial characteristics in 

terms of guiding walking behaviour. Liu et al. (2017) conducted a study on the 

accessibility of walking spaces and compared the traffic through indicators of different 

types of blocks. It was found that the higher the accessibility, the more favourable the 

gathering and space vibrancy, the larger the size of the block, and the greater the 

dependence on accessibility. Xiong et al. (2017) summarized and evaluated the research 

methods of pedestrian accessibility in blocks, and found that the layout of key public 

facilities is more important than the traditional indicators such as road network density 

and shape. Leng et al. (2017) analysed the accessibility of urban open space under 

walking guidance, and found that the quantity and layout of open space had the greatest 

impact on accessibility, followed by climate and road network conditions. Deng et al. 

(2013), from morphological perspective, summarized the basic characteristics of walking 

space from three aspects: scale level, continuity and publicity. They believe that in the 

urban space of different scales, the pursuit of walking continuity will enhance the 

publicity of space. 

2. Destination and service facilities 

The walking destination needs to be able to attract a large number of pedestrians, so 

it is necessary to provide corresponding functions to support the flow of people to achieve 

the purpose of travel. The type of walking function usually depends on the type of 

buildings and facilities, such as commercial shopping, business office, leisure and 

recreation, accommodation and transportation transfer facilities. In the urban living unit, 

we should fully consider the multiple functional configurations and endeavour to locate 
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the destinations of most daily travel needs in the same pedestrian unit, for meeting the 

traffic demand by internal walking and reducing the external motorized traffic demand. 

Ewing et al. (2010) inspected over 200 related studies and found that diversity (land use 

entropy, jobs-housing balance and distance to a store) was strongly associated with 

likelihood of walk trips. Wang et al. (2017) tested four models of built environment 

including land use mix (entropy index). It found that land use mix has significant 

correlation with walking distance in non-downtown and non-suburban centres areas, and 

job density is the most important variable that has a negative association with walking 

distance of transit egress. 

3. Environment quality  

Given that walking orientation also emphasizes the interrelationship between social 

environment and behavioural activities, walking space should maintain interpersonal 

relationships and social culture transmission. Gehl (2002) divided outdoor activities into 

three types—essential activities, spontaneous activities, and social activities. He also 

pointed out that most social activities depend on the quality of outdoor space. The 

environment of the place needs to meet the requirements of the public for the quality of 

the public space, for example, the needs on street imagery, landscaping, spatial openness 

and security. Considering that the street walking area is easy to be restricted by sight, the 

residents tend be affected by the surrounding buildings and landscape facades. The 

comfortable, positive and safe atmosphere generated by the street view facade can 

promote the walking behaviour of the crowd. This increases the walking frequency and 

length of stay, and then encourages the space to have a stronger walkability and attracts 

more facilities and people. Gehl (1996) has proposed to divide the streetscape into three 

types: street commercial and construction, transparent wall or greening, and physical wall, 

respectively representing the enthusiasm, comfort and negativity of the space. It is 

believed that there are more than 15 street stores within the 100m range that are very 

dynamic street interfaces. Ewing and Handy et al. (2009) also constructed the relationship 

between street quality and walking from five aspects: street intention, enclosure space, 

pedestrian scale, transparency and complexity. 

4. Humanistic scale 

Contrary to the traditional top-down planning ideas of the city, the walking 
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orientation emphasizes the attention to the individual travel experience of the daily life. In 

the large-scale urban design dominated by vehicle behaviour, planners and designers 

often impose ideal spatial forms on users, with top-down decision-making models and 

subjective decision-making methods. It means that attention needs to be paid to the 

creation of urban giant scale and the creation of government power consciousness, 

ignoring the daily needs of the community as a user for space. The urban design based on 

walking orientation pays attention to community needs and daily urban activity space, 

embodying the concern to the pedestrians and the care on the disadvantaged groups. It is 

also an urban goal that emphasizes the fairness, diversity and individuality of social 

development. The size and scale of the block are essential elements in measuring the size 

and density of the block and can influence the subjective feelings of the pedestrian. The 

spatial scale under walking guidance should meet the physiological and psychological 

requirements of pedestrians, and it should bring a rich spatial experience while being 

compactly distributed. Usually the pedestrian-oriented block has a small spatial scale. 

The United States stipulates that such blocks should not exceed 100-150m in length. 

4.1.3 Redefining walkability around TOD stations  

The walking problem of the Chinese railway station is special. A “walking friendly” 

environment may be at the core of the TOD concept (Calthorpe, 1993). However, most of 

the research currently only focuses on the comfort and safety of walking, ignoring its 

traffic efficiency. The main reason is that the study on the walking environment has been 

carried out earlier and most of them are from developed countries such as Europe and the 

United States. The populations in those countries are less than that in China, therefore 

there is less commuting congestion in the morning and evening peaks. Pedestrians pay 

more attention to the convenience, safety and comfort of walking. In China, however, the 

urban population density is generally large, and pedestrian congestion in the morning and 

evening peak hours is more common. Walking takes up a large proportion in the trip mode 

around the railway station, but it lacks a matched evaluation system that reflects the 

efficiency of pedestrian traffic.  

There is a huge gap between the current urban railway station in China and the 
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idealized model described by the U.S. TOD theory indicates the limitations of TOD 

theory in China. Although many Chinese urban railway stations borrow and advocate the 

TOD model during construction, in practice, the ideal model of compact development and 

small-scale grids in this theory is rarely formed. For various reasons, the functional 

strength of many lands around station cannot meet the theoretical standards.  

Taking Shenzhen as an example, the functional facilities and road density around 

many stations in Shenzhen are not actually in the theoretical high level, and many stations 

are even lower than the city average. According to the scale of urban construction land 

usage of 97550ha, the average density of POI of service facilities is about 9.4 per ha. Also, 

the average density of POI around 118 stations on line 1-5 is only 13.6 per ha., with 47 of 

them is less than 10 per ha., and 111 of them is less than 30 per ha. This means that there 

are 40% of the station areas in Shenzhen even lower than the city's average level. The 

average number of commercial shops, public services, bus stations and other facilities 

distributed in every 100m*100m area around most stations is less than 30. In terms of 

density, based on the length of the street in the OSM map, the street density in Shenzhen 

is 11.8km/km2, while the average number around the subway station is only 14.07 

km/km2, of which 30% (37) stations have the street density below the citywide average.  

In these low-density stations that fail to follow the TOD model, their surrounding 

areas still have good walking conditions, and the walking speed is high. Although the 

total amount of travel is lower than that of the high-density stations, this part of the station, 

in terms of service efficiency, is remarkably positive in the impact of the walking 

behaviour of the residents in its community. In contrast, high-density stations, due to the 

large intensity of land development and the large number of users, always have a slow 

walking speed and low efficiency, even causing congestion and being a potential safety 

threat.  

Hence, simply using space density and street distribution does not accurately and 

effectively represent the efficiency of the actual pedestrian flow in the space. Although 

the limited width of the sidewalk and the poor environmental landscape, the traffic 

walking behaviour is not determinedly influenced. There are studies showing that the 

location of the facility has no significant impact on the traffic physical activity (Koohsari 

et al., 2013). Therefore, it is necessary to strengthen the evaluation content of Chinese 
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pedestrian traffic characteristics in order to make the pedestrian evaluation system more 

applicable to China. 

In addition, the spatial organization model, an important factor in walking efficiency, 

has not yet been discussed. According to literature review and structural element analysis, 

traditional walking-oriented research mostly employs built environment factors to 

replace the actual walking behaviour. For example, as a common indicator of street form, 

pedestrian route detour can only describe the linearity of the walking path but fail to 

calculate whether the flow of people affects the pedestrian accumulation and the walking 

speed because of the degree of street bending. Most of the studies believe that areas with 

high density, high diversity, and intersection are better for walking, but ignore the 

influence of spatial organization. In fact, stations with similar building density and road 

density levels may have different effects on the pedestrian flow due to various spatial 

combination modes. For example, the walking efficiencies at the regional level vary from 

the networked street layout, the station area with multiple functions and compact 

aggregation, the station area with the same street layout but distributed functions, and the 

station with the main road as the road axis and evenly distributed functional facilities on 

both sides. This phenomenon, however, is difficult to be reflected in the existing 

evaluation index system. 

At present, with the continuous development and construction of Chinese cities, 

many stations are still in the rapid growth period and have the potential for transformation. 

How to construct and organize the surrounding space of the station in the future to quickly 

evacuate people, effectively reduce congestion, and enhance the efficiency of space 

pedestrian transportation services, has become the goal of the research on the walking 

space of Chinese railway stations. Through the spatial organization model, it can be 

effectively achieved. 

In summary, re-evaluating the traffic walking level of the railway station area with 

the spatial organization model as the breakthrough point is of great significance for 

solving the walking problem in China. How to evaluate the efficiency of pedestrian 

service in the station area, how to find out the future relationship between pedestrian 

mobility and space organization, and how to make recommendations for the construction 

of future railway stations should be the THREE main issues for the research. 
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4.2 Relationship between Walking and Spatial Organization 

4.2.1 Relationship between pedestrian volume and spatial capacity 

Pedestrian traffic volume shows crucial connections with the spatial capacity of and 

population scale. Generally, the region with a large population has heavy traffic volume. 

Urbanization can be viewed as a course that population centralizes towards cities and 

rural regions transform to urban areas and therefore the scope of population is a critical 

indicator to evaluate the scale of urban space as well as an important influencing factor of 

transportation. In the Chinese Code for Transport Planning on Urban Road (GB 

50220-1995), population volume is used to assess the scale of city and it stipulates the 

main transportation modes and the maximum of travel time for various sizes of 

population. It also requires that in the urban space of more than 2 million people, the 

maximum of travel time is 60 minutes for the peak hours, using the volume and direction 

of pedestrian flow as a fundamental basis of pedestrian traffic system planning. The 

factors such as building capacity and land utilization also indirectly reflect the space 

capacity and can represent the overall traffic volume level to a certain degree. Zhuang & 

Yuan (2017), taking Shanghai as an example, quantitatively analysed the interaction 

between passenger flow and land use intensity of the railway stations. The regression 

results found that the floor area ratio increasing by 0.1 for every 10,000 passenger 

growth. 

In addition, economic activities of a population may also influence the traffic 

volume of the space. In general, with regards to the regions with a prosperous economy 

and high activity frequency, the traffic volume is significant and the possibility of traffic 

congestion is high. Walking tends to be more frequent in city centres instead of suburbs. 

Walking is slightly different from other transportation means like motor vehicles. The 

demand of motorized transport is influenced by social and economic development. 

During the period of social stability and economic growth, the demand for purchasing 

motor vehicles and traffic volume tend to increase and policies are needed to guide and 

control so that the possibility of further triggering this again can be reduced. By contrast, 

the influence of this demand on walking is limited. As the most traditional approach of 
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transport, walking is quite common in cities and it is the most important and basic 

components of activities in people’s daily life. Regardless of the social and economic 

status, at whichever level, walking never disappears.  

In the TOD area, the scale of population around different stations varies and building 

density and the intensity of land utilization also differ. Therefore the traffic volume in 

terms of walking is different as well. Through controlling the types and intensity of land 

functions, the population size and travel frequency of space can be influenced, and then 

the traffic volume can be regulated.  

4.2.2 Relationship between Origin-Destination (OD) amenities and 

pedestrian distribution 

Point of interest (POI) is the source to attract and lead to traffic walking. POI density 

and type can directly form the OD and distribution of pedestrians. Every POI has the 

possibility to become an origin that leads to a propensity to walk, and the number of 

attracted people is the attraction volume created by the trip. Meanwhile, each POI also 

has the chance to become a destination, and the number of attracted people is the 

generation volume created by the trip. Therefore, the degree of aggregation and the 

amount of attraction and generation of the POIs play important roles in the pedestrian 

traffic.  

In addition to the density and volume, the connection requirements between spatial 

functions can also have effects on walking. The walking based on family unit is the main 

form of walking in cities, representing nearly 94%, and the association strength between 

office functionality and residential function is the highest. The balance between them and 

the organization of commuter traffic flow show more significance within the 

comprehensive urban transportation system. The travel survey of Nanjing residents in 

2012 indicates that the trip-chain between office and residence in terms of walking 

represents 28% of all the walking trip-chains, followed by commercial finance-residence 

trip-chain, school-residence trip-chain, park green space-residence trip-chain, and 

entertainment-residence trip-chain (Deng, 2015).  

The layout of amenities can decide and control the spatial distribution of pedestrian 
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traffic source. Compact and mixed function layout can reduce the total travel distance of 

walking to some extent, while dispersed and unitary function layout may increase that 

and even diminishes the willingness of walking trips. When the residential function and 

industrial function dominate in the areas, people tend to walk greater distances to reach 

the closest commercial district, but when this distance exceeds the comfortable walking 

distance, the probability of electing for motor vehicles or other transportation methods 

will be enhanced. Consequently, in order to encourage low-carbon and slow traffic, many 

scholars propose to increase the degree of mix of POIs to lessen the walking distance, like 

the “Popsicle Test” (Benfield, 2012). This concept is based on the idea that, if an 

8-year-old child can purchase a popsicle (ice lollipop) and bring it home before it’s 

melting, then this district is walkable. This indicates that the distance between POIs and 

their distribution show significance with regard to walking. The spatial functional 

facilities and the optimized layout of POIs can fundamentally influence the efficiency of 

pedestrian traffic service. 

4.2.3 Relationship between pedestrian flow route and street network 

Streets carries walking. The street pattern and network structure are influential to the 

route of walking and the organization of pedestrian flow. The pedestrian traffic reaches 

and deviates from the walking source alongside the urban streets, and this gathers into the 

walking route in the street network.  

Streets with different hierarchy have different support capacity of pedestrian flow. 

The classification standard of the urban road network varies from the domestic and the 

those overseas. The Chinese Code for transport planning on urban roads (GB50220-1995) 

uses the prevailing conditions for motor vehicles as the main classification criterion, and 

classifies urban roads into four groups: highway, main road, secondary road, branch road. 

Because the classification with respect to city road structure is not based on pedestrian 

flow, the city main road does not necessarily represent the main road of walking, while 

the secondary roads in liveable cities with abundant walking service facilities, plenty of 

street shops, desirable greenery landscape, tend to become the main road for walking, 

where a large number of pedestrians gather.  
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The streets have different scales or width effects on spatial distribution patterns of 

the pedestrian traffic flow. It is now generally believe that the district with high-density 

grid pattern can be more efficient to undertake traffic flow than large-scale district and it 

can allocate space to various travel modes with the transportation system, enhance the 

flexibility of pedestrian street paths, and lead to more choices for traffic routes. 

Accordingly, it is recognized as a newly efficient street pattern in the TOD area. This kind 

of grid street has a recommended scale of 100-200 metres, and it is composed by parallel 

and multi-directional one-direction dichotomies (Calthorpe & Yang, 2014). However, 

some scholars believe that the density of roads with such a scale is too large and the road 

area has improved compared with its status quo, and this may be difficult and 

unreasonable to realize on the present circumstance of limited construction land in China 

(Shi, 2016). 

From the perspective of the street network, streets are the primary spaces to support 

pedestrian flow as well as the bonds to connect spatial POIs and it should become the 

figure rather than the ground of the urban spatial figure-ground relation. Nevertheless, in 

the modern urban space development, many of the current focus are still clustered in the 

spaces, including roadways, buildings and squares and the walkable streets. But it is 

difficult for those fragmentary, cracked, and even missing pedestrian street network left 

behind to support the necessary pedestrian traffic streamlines, causing some problems 

such as the inconvenience for users.  

4.2.4 Relationship between pedestrian congestion and spatial 

organization mode 

With the rapidly development and population growth, it is becoming more frequent 

that the large-scale pedestrian and travel activities gather in public space. Especially near 

the transfer hubs and railway stations, unreasonable space organization and pedestrian 

mobility will reduce the efficiency of space use and pedestrian traffic, and even cause 

crowding or stamping issues, thereby reducing the willingness of walking and transfer. 

Pedestrian congestion mainly depends on the effectively organization of POIs, 

walking routes and traffic at the same time. Congestion is primarily related to the number 
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of people and their flow route. The more people flow, the more complicated and 

confusing the moving line, and the higher the probability of crowding. Second, the 

functional distribution and street width can be adjusted for congestion. Even when the 

number of attraction points is dense and the number of people is large, the crowding can 

be reduced by dispersing functions and widening the sidewalk. On the other hand, even if 

there are fewer points of attraction in the space, the number of people is small, but when 

the function distribution is chaotic and the walking path is narrow, congestion will also 

occur. 

Therefore, how to coordinate the relationship between POIs, street network and 

traffic environment is the main issue. TOD area is usually the most density and important 

place of a city. For the stations in the urban centre, as the subway enters and exits at the 

station, there will be a large amount of incoming and outgoing passengers, forming a 

heavy traffic flow and this easily brings congestion. Especially in those high-density 

areas, such as high-rise commercial office buildings or dense commercial centre, the 

pedestrian flow around the station usually get blocked at the peak hour. For the stations 

with concentrated or corridor pattern, although there is no need to face crowds, inefficient 

use of facilities and space is another problem. The balance of congestion and sparseness 

make the study of efficiency useful and applicable. 

4.3 Current Situation and Problem of Walking Space 

4.3.1 Current situation and problems of spatial structure 

1.Transit Stations Detached with Surrounding Land Development 

Shenzhen is a city with the development speed beyond the normal level, and in terms 

of the previous urban master plans, future transportation development and the 

adaptability of land development scale. Some studies believe that the railway 

transportation is detached with land use in Shenzhen. The TOD strategies are often 

adopted after the preparation of land use plans. In the early period of the urban 

construction, the land planning in many areas did not simultaneously consider the station 

selection of transit station and the traffic demand, while in the later period land use 
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lagging behind railway transportation construction was quite common in many areas. The 

simultaneous consideration of them coordinating with the development prospects is 

insufficient, and this may lead to either the high construction intensity, huge passenger 

flow volume, and demand over supply or the low construction intensity, small passenger 

flow volume and waste of resources in the surroundings of many stations. Huge 

pedestrian flow volume with relatively inferior built environment quality or small 

pedestrian flow volume with high built environment quality may exist in plenty of station 

areas. 

2. Under-development of TOD Core Areas 

TOD area is generally constructed as the compound station of transfer, shopping, 

leisure and dating, and constant stable and ever-growing space vitality foundation is 

needed to attract a steady stream of people, and stimulate more abundant spatial activities. 

If it is not supported by the functional proper land use with sufficient intensity, it is hard 

for the area to obtain stable passenger flow, and development opportunities and the 

service efficiency of the railway may be reduced. At present, the core areas within a 200m 

radius around the station stops have the low volume rate level as well as less development 

of subway upper cover, and function highly concentrated benefits in terms of the core 

areas are difficult to realize. 

4.3.2 Current situation and problems of spatial form 

1. Low Systemic-ness and Integrity of Walking system 

The connection between station and walking system with different spatial functional 

facilities may be not smooth, and many residence zones, squares, parks, green lands, and 

public transportation surrounding the stations, show the absence of necessity and direct 

connection with systemic design ideas. The surroundings of stations should be viewed as 

a whole for spatial system planning, but in the reality, owing to the independent policies 

of different districts, and the lack of united control, the layout of walking road system 

generally show the fragmentation. For instance, along the front street of Lingzhi Station, 

the widths of streets show difference and the entrances and exits of buildings facing the 

street are too close to streets or built on the road, so that the space in the street is too 
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narrow for people to pass. There are merely roadways without sidewalks for the streets 

around some closed districts (Figure 4.1). 

    

Figure 4.1 Break of sidewalk in Lingzhi station 

Besides, under the orientation of big roads and big districts, the walking system only 

means the sidewalks on the two sides of the road, merely the linear delivery channels, and 

appropriate walking mode space is scarce. The concession space of architecture redline is 

usually occupied by parking spot and hedgerow and there is no mode space for people to 

stay. Even the planned urban squares and landscape isolation zones often become islands 

isolated by surrounding motorways and they rarely show the collaboration with 

surrounding sidewalks. 

2. Segmentation of Station Area by Motor Vehicles 

Many station areas show imbalanced development between two sides. Because of 

the zone planning and urban motorization, urban main road is the principle axis to access 

the station area. The composite land functional structure of stations may increase the need 

of functional connection. A large quantity of people exists on the sidewalks and the 

crowds on the two sides have urgent demand of communication and living. However, the 

level of liberty and accessibility is high around the stations, and walking space and living 

space are limited within each isolated district, segmented by urban primary and secondary 

roads. As a result, the connection of walking between two sides of roads is weakened and 

walking hub spaces which should have been closely connected are segmented by 

motorways from all sides, so the entire station area becomes fragmentary multiple space 

zones. This influences the overall combination and overall benefit and the walking-based 

urban texture hardly exists in the real life. Taking Liu Yue Station and He Ao Station as an 

example (Figure 4.2), many living and supporting facilities were included in the station 
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space, but since the segmentation from motorways, the communities on the two sides of 

roads can only depend on few overpasses to cross for using station functions. 

  

a).Liu Yue station                           b).He Ao station 

Figure 4.2 Sample of segmentation within the station areas. 

For avoiding the intersections and conflicts between pedestrian crossing streets and 

vehicle stream, time or space connection approach are usually used for spatial system 

connection, such as traffic lights, zebra crossings, pedestrian bridges, and underpasses. 

Although these negative connection approaches of crossing streets can forcibly connect 

both sides of streets, the pedestrian flow which does not satisfy the willingness of 

pedestrian may cause jaywalking, fence crossing, low efficiency of station space and even 

hidden danger of crime in underpasses. As for walking behaviours, motor road becomes a 

natural barrier to segment walking system, challenging the street continuity and spatial 

quality. As a mature public transportation node, this kind of demand needs to be well 

handled. 

4.3.3 Current situation and problems of traffic service 

1. Disorder of Road User Priority 

The TOD Area promotes compact development with high intensity and people and 

vehicle are more within the area than the surrounding region. At present, within the TOD 

Area, the transport organization is mainly based on the perspective of vehicle to a large 

degree. Sidewalks are combined with the bicycle paths, and in the cross of pedestrian 

flow and vehicle stream, fast and smooth passage of vehicles should be preferentially 

ensured and the priority of the ground is given to the vehicle, with the pedestrians 
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bypassing through the pedestrian overpasses and underpasses. This type of simple design 

considering less about the pedestrian activity demand makes people feel burdened when 

crossing streets, especially for the disabled. 

Pedestrian traffic and vehicle traffic cannot coexist in the station area, but due to the 

unreasonable distribution of right of way, severe conflicts between pedestrians and 

vehicles are generated, and pedestrians do not have the priority of road, with vehicle 

traffic and through traffic occupying the main traffic resources. Even in the neighbouring 

areas with limited demand of vehicle transportation, parking facilities are individually 

repetitively installed, and the individual areas are segmented through parking spots, 

cutting off the connection with walking and providing negative and inefficient lost space. 

2. Congestion of Main Road Causing by Tree Organization Pattern 

With population agglomeration and a surge of vehicle traffic volume, the traffic 

main road as the limb of the city, has a complex relation with a series of various 

high-density functional parcels of land. Although this kind of tree traffic system can 

classify and layer the whole traffic stream and avoid interruption of continuous traffic by 

redundant branches so that enhancing traffic efficiency, some problems may be caused. 

Firstly, based on the imbalanced distribution of traffic stream of tree traffic service, a 

large amount of traffic volume can be easily gathered on the main roads but can be hardly 

relieved, causing the road congestion and formulating congestion spots in the junctions 

between main roads and branches. However, owing to that the level of local branches is 

low and the degree of saturation of road is low, the local branches cannot fully use the 

road capacity and cause waste of resources. Besides, main roads in the tree pattern are 

usually wide and support more functions with high attention with regards to construction 

and better degree of development. By contrast, the branch roads, cause more traffic flow 

streaming to urban main roads rather the branch roads with worse quality and 

environment, and this intensifies the polarization in the road system. 

4.3.4 Current situation and problems of humanized urban design 

The urban morphology of Shenzhen extends in a horizontal linear structure, and the 

economic structure is based on high-tech industries, and the fast and high-capacity 
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railway transit network fully represents the speed and capacity of development. This city 

which was non-existent 30 years ago, develops rapidly at present, and it condenses the 

hundred-year development of other Chinese and western cities into nearly 10 years. It 

failed to connect macroscopic urban transportation hub with microcosmic human service 

requirement.  

Designing and constructing fundamental facilities with a short period brings many 

omissions and challenges. High speed of growing density in terms of urban fabric and 

transportation network within only 30 years causes omissions in spatial scale and many 

constructions are planned and designed on a large scale. The fast constructed oversized 

urban streets and walking squares under this rough design, are now gradually be filled by 

using behaviours of small scale. Due to the lack of small-scale design before, people have 

to bear the inconvenience brought by oversized roads and squares. For instance, the scale 

of Civic Centre Station is a district and public activity place over 600 metres, surrounding 

50-metre width main road and express way, causing inconvenience to pedestrians with 

respect of daily use from the human perspective.  

4.4 Evaluation Framework of Walking Service Efficiency in TOD 

Area 

4.4.1 Evaluation principles of walking service efficiency  

Despite the vast amount of studies on pedestrian flow, the evaluation assessments 

are not uniform. In general, walking time, speed and direction changes are important 

aspects of the evaluation. High dense pedestrian is the most common cause of 

inefficiency. 

The main body of walking behaviour is pedestrians who have uncertain 

characteristics with flexibility and randomness. The evaluation is more complex than 

other traffic modes. Regardless of whether it is based on static evaluation of calculation or 

dynamic evaluation based on simulation, different indicators should be selected for 

different evaluation purposes and different characteristics of the objects. The 

establishment of the evaluation index system for the pedestrian transportation service 
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should conform to the principles of general evaluation, including the four principles of 

science, measurability, comparability and comprehensiveness. 

(1). Scientific  

Evaluation indicators must reflect the actual characteristics of the object in a rational, 

objective and reasonable response. The walking behaviour evaluation indicators must 

first meet the rational principles. 

(2). Testability  

The evaluation index should be constructed based on quantitative analysis and can 

be obtained according to certain methods and means. It also should be easy to understand 

and operate. To avoid being cumbersome, the evaluation indicators should be concise, 

and easy to measure. 

(3). Comparability  

Evaluation is different from detection. It cannot objectively describe only for the 

research object and not involve the value system. Evaluation indicators should be based 

on relative value to examine the relative advantages of individuals, the relative 

advantages of individuals and standards. The relative advantages of the research object 

can only be evaluated under a comparable and equal value system. 

(4). Comprehensiveness  

A single indicator can only evaluate the nature of an object on a certain aspect, and it 

cannot reflect the overall characteristics of the system as a whole. Therefore, it is 

necessary to systematically integrate multiple indicators, on the basis of true and effective 

evaluation of single evaluation indexes, in order to comprehensively and reliably evaluate 

the service efficiency of the entire system, which is helpful to reflect the overall quality of 

walking services from the aspects of the layout of facilities, function and organization 

mode of the system and other aspects. 

4.4.2 Evaluation content of walking service efficiency 

The assessment of road network efficiency in the transportation sector usually uses 

indicators such as traffic demand, time cost, and traffic volumes. In the urban railway 

station area, that is, a place with a large pedestrian flow and complex composition, it 
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requires not only the evaluation index similar to the ordinary place, but also the 

identification of the traffic service shortcoming of the place. The service efficiency and 

service level of the railway station area are evaluated by the service efficiency under peak 

hour scenario and its coordination with space. 

Table 4.1 Literature review of pedestrian flow around railway stations 

Author Location Variables Methodology Influence factors Main conclusion 

Lamour et 

al. （2019） 

600m 

radius 

area 

around a 

subway 

station in 

São 

Paulo, 

Brazil 

Travel 

purpose, 

Walking 

time, 

pedestrian 

number 

Observation 

and interview 

Safety (lighting, 

crossing, signal, 

sidewalk width, vehicle 

speed limit, etc.). 

Comfort (street furniture, 

noise), shops, low 

vehicle traffic, square, 

other pedestrians, 

shortest way, cleanness 

Safety is a major 

consideration, followed by 

comfort. Street shops are 

not a major factor. 

Lyu et al.

（2019） 

2km 

radius 

area 

around 

Subway 

Stations 

in Beijing 

Accessibility 

(cumulative 

opportunity 

and time) 

OLS and 

spatial error 

regression 

model 

Subway and bus lines, 

frequency of departures, 

surrounding stations, 

distance from 

downtown, working 

distance, distance of 

residence, walking 

index, walking distance, 

intersection density, 

block size, number of 

hotels, public services, 

government, mixed use 

Traffic capacity, station 

location, and functional 

density are the main 

factors. The impact of the 

walking index is not 

significant. 

Sun Guibo 

et al.（2017） 

1.2km 

radius 

area 

around 6 

subway 

stations in 

Beijing 

walking 

time, Path 

distribution 

Tracking and 

questionnaire 

Satisfaction (traffic 

speed, sidewalk width, 

ease of crossing, walking 

facilities, sidewalk 

continuity, aesthetics and 

destination visibility), 

density (population 

density, work density), 

connectivity (number of 

intersections, length of 

neighborhood), Urban 

form (number of 

buildings, floor area 

ratio) 

In Hutong, the walking 

distribution is the widest 

and the average walking 

distance is short. The 

walking distribution of the 

Danwei is distributed 

vertically and horizontally 

along the main road. The 

walking distribution of the 

Xiaoqu is the most uneven. 

Visual accessibility and 

true accessibility, obstacles 

(intersection width and 

pedestrian bridges, etc.) 

can affect walking 

Nakamura

（2016） 

3 metro 

stations 

and 3 

attraction 

areas in 

London 

Pedestrian 

flow volume 

Observation 

surveys, 

multiple 

regression 

analysis 

pavement width, Shop 

coverage, Street 

distance, Cross traffic, 

road connectivity 

Street connectivity is a 

major factor affecting 

people flow. Commercial 

facilities on the pedestrian 

street do not increase 

traffic. 

Zacharias 

&Zhao 

(2017)  

500m and 

1km 

radius 

area 

around 14 

subway 

stations in 

Tianjin, 

Walking 

distance 

Tracking, 

linear 

regression 

land use of commercial, 

residence and 

employment, intersection 

density, 

road length, distance to 

the metro station, 

theoretical catchment 

area and 

These factors explain 7.5% 

of the variance in walking 

distance, amounting to a 

16% difference in 

territorial coverage of the 

station, based on Euclidean 

extrapolation 
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Beijing 

and 

Shenzhen 

built form density (FAR) 

Wang&Cao 

(2017) 

707 

subway 

exits in 

the Twin 

Cities, the 

U.S. 

Walking 

distance of 

transit 

egress 

Poisson 

models 

location, population 

density, job density, job 

accessibility, land use 

entropy, intersections, 

transit stops, bus, total 

trip length, times of 

transfer, work/home-end, 

demographic 

characteristics. 

Walking distance is 

negatively related to work 

density. In the suburban 

area, it is positively 

correlated with mixed-use, 

and is not related to the 

accessibility of the 

workplace and the 

intersection. In the central 

area, the walking distance 

of is strongly related to the 

built environment. 

Xu et al.

（2015） 

2 subway 

stations in 

Shanghai 

Pedestrian 

volume, 

pedestrian 

flow 

distribution 

Field survey, 

stepwise 

linear 

regression 

Integration, depth, total 

commercial area, 

number of commercial 

floors, underground 

commercial area 

Spatial integration and 

depth values significantly 

affect the distribution of 

people flow (R=0.4-0.6). 

Commercial scale and 

spatial integration have 

strong explanatory power 

to the people on the 

ground. 

Townsend& 

Zacharias 

(2010) 

400m 

radius 

area 

around 6 

subway 

stations in 

Bangkok 

walking trip 

length, 

pedestrian 

trip volumes 

and routes 

Interview, 

multiple 

regression 

and analysis 

of variance 

(ANOVA) 

destination, FAR, 

walking infrastructure, 

street networks 

The length of the 

pedestrian path at the 

station level will affect the 

walking direction. The 

longest walking distance is 

for the purpose of the 

transfer. 

 

Therefore, the evaluation mainly includes two aspects: level of service and spatial 

coordination. Level of service mainly refers to the convenience and comfort of the 

pedestrian flow. The pedestrian service status is used to evaluate the services provided by 

the environment. The environment service evaluation is based on walking speed and 

pedestrian volume. Spatial coordination is based on the degree of compatibility among 

walkable space and walking behaviour, to measure the coordination of pedestrian 

movement scenes with surrounding functions and walking space. Through the 

relationships between area occupied by pedestrians, pedestrian flow, scale change of 

pedestrians in the area, and land use and functional facility layout to assess whether the 

space around station can meet the pedestrian flow requirements at real or future status. 

(continued) 
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4.4.3 Walking service efficiency evaluation index 

1. Level of Service  

This dimension mainly includes two indicators: walking speed and capability. Fruin 

(1970) has proposed to divide the service level into quantitative indicators such as 

pedestrian density, speed and flow rate, as well as set different walking status levels to 

evaluate walking space. In this study, the level of service has been extended by capability. 

1) Walking speed.  Speed is the most commonly used evaluation indicator. The 

ratio of the walking time to the distance of each pedestrian individual can reflect the 

walking capability of each pedestrian around the railway station. In the same distance 

range, the longer the walking time, the lower the service capacity of the environment for 

walking smoothness. 

                                            (4.1) 

In the equation, d is the walking distance of individual, and t is the walking time of 

individual. 

2) Pedestrian volume. This indicator mainly describes the capacity of the space. 

Because only considering the walking speed, space with few people may have a high 

value. To balance the speed and population, pedestrian volume plays an important role in 

the inspection of pedestrian facilities planning. It defined as the number of pedestrians 

passing through a vertical section per unit time. The larger the value, the larger the 

pedestrian flow size. 

                                          (4.2) 

In the equation, N is the number of pedestrians passing through a vertical section, t is 

the unit time, in this study were set as 1 hour. 

2. Spatial coordination index  

This dimension includes two indicators: imbalance of congestion distribution and 

spatial sensitivity of pedestrian scale. Both of them demonstrate the relationship of 

walking and space. 

1) Imbalance of congestion distribution mainly investigates pedestrian congestion 
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in different regions. In different areas, the density distribution is analysed for different 

scenarios, and the congestion degree of different areas is obtained by comparing the 

density level with the average density level. The spatial characteristics of the congestion 

density in the whole area are obtained by spatial distribution. 

                                             (4.3) 

In the equation, Di is the pedestrian density in i Street, and  is the average 

pedestrian density in all streets. 

2) Street sensitivity of pedestrian scale reflects the increasing possibility of 

pedestrian congestion. Through the influence of the change trend of pedestrian scale on 

the change trend of pedestrian traffic time, to reflect the flexibility of space to adapt to the 

change of pedestrian size. Because of the interaction between walking environment and 

pedestrian behaviour, the spatial environment will cause delays and affect the change of 

walking time when pedestrians of different scales pass. Therefore, the compatibility of 

space environment configuration and pedestrian scale can reflect the coordination level of 

space and pedestrian behaviour. 

                                                (4.4) 

In the equation,   is the walking time change rate, and ΔQ is the pedestrian 

density change rate. 

3) Spatial disorder degree reflects the saturation tendency of spatial walking 

services capability. Through the ratio of the rate of change of density to the rate of change 

of the pedestrian flow, the relative change of regional density to the scale of pedestrian 

flow is shown, which implies the possibility of potential safety hazards such as the risk of 

crowding in the space. 

                                      (4.5) 

In the equation, ΔDd is the change rate of regional density, and ΔQ is the change rate 

of pedestrian scale. 

According to the pedestrian wave theory, when the pedestrian density is low, the 
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pedestrian flow does not have the basic characteristics as the continuous medium. At this 

time, any disturbance in the crowd will not spread in the form of waves. However, when 

the population density increases, the density change in the partial crowd will spread in the 

form of waves and linear distortion occurs. Urban railway stations are large-scale traffic 

distribution centers. Therefore, many studies considered the spatial disturbance 

coefficient in densely populated areas and control the upper limit of density. 

 

4.5 Summary 

This chapter analyses the pedestrian walking characteristics and its association with 

spatial organization, as well as the current status and existing problems of walking space 

in TOD Areas. It proposes an evaluation system for walking service efficiency. From the 

two aspects of pedestrian service level and spatial coordination ability, the walking 

service efficiency of the TOD area is quantified into four evaluation indicators—walking 

speed, pedestrian flow volume, spatial congestion imbalance and spatial sensitivity. 

Finally, the dependent variable indicator of the study was established. 
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5. CHAPTER 5 QUANTITATIVE 

SIMULATION MODEL OF THE WALKING 

SERVICE EFFICIENCY 

There are complex relationships and interactions between spatial organization 

and the walking services efficiency, involving multiple factors such as functional 

structure, urban form, traffic behaviour and social economy. It is difficult but 

necessary to discuss in-depth explorations on essential factors and mutual relationship. 

In this chapter, nine railway stations in Shenzhen are taken as examples to simulate 

the pedestrian flow under three mode of spatial organization. The simulation method 

will be discussed and verified. 

 

5.1 Basis of Simulation Model 

5.1.1 Modelling assumptions and expected findings 

1. Basic assumptions 

Since walking in urban space is a complex activity, the simulation model needs 

to be simplified to the highlight research priorities. The establishment of the spatial 

model in this study is mainly based on the following assumptions: 

(1) Walking scope is 10 min walking. Taking each entrance and exit of the 

subway station as the starting point, the area within around 10 min walk (800m radius) 

is taken as the research scope. It is considered that the people in this area have the 

high potential possibility to walk from the subway station to a destination, while the 

people outside the area will not. 

(2) Clustering multiple destinations in a block parcel. It simplifies the same 

destination with multiple entrances and exits, and regards that the destination within a 

block contains one entrance and exit in the middle of each edge. The various walking 
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behaviours inside the block parcel are no longer refined and simulated. 

(3) Restricting the pedestrians’ crossing behaviour on the main roads. It assumes 

that pedestrians can only cross the street through the same path as the reality. Jaywalk 

is not allowed on the main road unless there is a foot bridge or foot tunnel (pedestrian 

subway) in the reality. On the other hand, there is no restriction for secondary roads 

and branch roads, and they are permitted to cross the road from any point as the 

reality. 

2. Expected outcomes 

 

Figure 5.1 Hypothesis relationship between supply side and demand side 

In the traditional walkability evaluation, the spatial elements are used to replace 

the pedestrian's real walking situation. It is considered that the streets with high 

accessibility and good environmental quality have excellent walkability. However, it 

neglects the aspects of space service efficiency. In theory, the efficiency of space 

services will increase with the growth in the number of users. However, when the 

number of people reaches a certain level, space congestion appears, resulting in a 

decline in service efficiency. As an efficient service place, the railway station area has 

stricter requirements for walking service efficiency than other general places. Owing 
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to the transporting characteristics of large traffic volume and regular interval, the 

impact of pedestrian flow on the space during the peak period is large, and the 

blockage phenomenon is obvious, which is prone to congestion and low efficiency. In 

the traditional calculation, the pedestrian traffic flow is understood as the mean flow, 

and the calculation of the traffic flow relationship of “traffic flow=density*speed” 

cannot satisfy the space requirement of the railway station domain. In addition, the 

weak regularity and strong randomness of pedestrians make the distribution of 

pedestrian traffic flow in space extremely complex. It is necessary to analyse the 

pedestrian traffic behaviour and its spatial flow characteristics in different situations. 

Therefore, this study assumes that the evaluation index based on the actual 

pedestrian flow situation can comprehensively analyse the ability of space to provide 

pedestrian service. It uses the simulation analysis and response traffic service 

efficiency indicators to effectively measure and compare the traffic efficiency of 

walking behaviour in different railway stations. The pedestrian service efficiency in 

space is effectively evaluated by comparing the pedestrian traffic flow under different 

usage scenarios. The results include following three points: 

1) Modelling of walking behaviour during peak period of each station area; 

2) Validation of simulation results; and 

3) Evaluation results of traffic service efficiency at different stations. 

5.1.2 Simulation process and methods 

The simulation flow includes four steps: target case selection  index 

calculation  model verification model adjustment. From these, the walking 

service efficiency results are obtained, laying the foundation for the next chapter’s 

interaction mechanism of walking service efficiency and the spatial organization.  

The first step is to select target stations. The main method is to calculate and 

classify the characteristic variables through GIS. Using the POI and OSM data, the 

facility distribution and street topological characteristic can be quantified. All the 

stations in Shenzhen are initially divided into three spatial organization modes 
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according to different spatial organization characteristics. Based on experience, three 

typical stations with high usage are selected from each, for a total of nine stations as 

the research objects for in-depth simulation. The surrounding space and walking 

behaviour will be quantified and refined. The detailed process and results are 

presented in the section 5.1.3. 

Next, the data of the pedestrian traffic flow (dependent variable) is calculated, 

and the raw data is acquired by simulation results. Initially, according to the 

four-phase transportation method, the walking amount of each station is obtained. 

Then, Anylogic software is used to model the Nine stations, and the pedestrian 

distribution results are obtained based on the statistics. In order to simulate the 

congestion of pedestrian traffic flow, the peak hours are selected as simulation 

scenarios. The specific process and results are detailed in section 5.2.2. 

At last, the calculation and verification is perceived. Combining with the spatial 

organization influence factor (independent variable), Anylogic and GIS platform are 

used to combine the spatial characteristic variables of the research object at the station 

level and the street level. The simulation model are adjusted and validated to consist 

with the real pedestrian activities. The specific process and results are detailed in 

Section 5.3. 

5.1.3 Research area scope 

5.1.3.1 Classification of TOD stations 

1. Round and Corridor pattern according to the urban form 

According to the shape of the spatial road network, the reach range of the station 

area is diffused along the street to form different shapes. The spatial peripheral 

contour is an important concept which reflects the urban spatial shape, reflecting the 

spatial coverage characteristics based on the actual road network. 

This study uses the Richardson Shape Index (Richardson, 2973) to divide the 

street form into two modes: round mode and corridor mode. It quantifies shape 
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features through the deviation degree between the irregular service area and the round 

circle. The calculation formula is:  

                                  (5.1) 

where C is the spatial shape index, A is the coverage area of the road network, 

and P is the contour circumference of the road network. 

A large value of the shape index indicates very elongated shape, with a high 

perimeter-to-area ratio. While the space is circular, the shape index could reach the 

maximum value 1. Because the space of each part of the circle is highly compressed, 

it is the graph with the minimum occupation in all directions; while the space is 

square, the shape index is π/4; When the space is string, the shape index is less than 

π/4, and the higher the degree of dispersion, the closer the value is to 0. Through GIS 

service area calculation, the accessibility range of each station based on the road 

 

Figure 5.2 Shape of TOD area in Shenzhen 

 

            

      a).Corridor shape                b).Square shape                  c).Polygonal shape 

Figure 5.3 Sample of TOD area shape 
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network could be obtained, and the shape index result of each station could be 

obtained after calculating the area and circumference of the result. Eventually, as the 

analysis proceeds, the station is divided into 65 round mode stations and 53 corridor 

mode stations. 

Through the observation of the road network, the street form in the station area 

could be judged. As Figure 5.2-4, The road network in Shenzhen is relatively regular, 

except that the central area of Futian and Bao’an is grid-like road network. Most of 

other areas are tree-like road networks with linear principal axis, and a few stations 

are under construction, so the road network of a few stations is still broken and not 

typical (such as the Qianhai area)， as these are still being under construction. After 

comparison, it is found that the planar model stations are mostly grid-type or 

multi-axis pattern, while the axis stations are mostly uniaxial. Because the grid 

network is similar to the multi-axis road network, both of them could transport human 

flow in multiple directions. The single axis pattern has connectivity in only one 

direction, and could only transport human flow along the direction of east and west or 

north and south. The effective covering range by road network is relatively small, 

which is easy to form as a long strip space. 

2. Compact and Discrete pattern according to facility distribution 

Among the round pattern stations, two in-depth modes can be divided based on 

the compactness of facilities. Although compact and dense distribution is 

recommended in TOD theory, a large proportion of stations cannot meet this 

requirement. 

         

a).Grid road network       b).Single axis road network      c).Multi-axis road network 

Figure 5.4 Typical road network patterns in Shenzhen 
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Figure 5.5 Number of POI distribution within TOD area 

Figure 5.5 shows the density decline trend with the distance increasing from the 

station in each of two years. In order to describe and compare spatial compactness, this 

study chooses an approach using density gradient analysis for the purpose. A common 

geographical density gradient model is derived from Thünen and Allson’s theory. This 

model assumes a city has a single city centre to account for intra-urban variations in 

land-use. Compared with other methods, such as land-use proportion and changing rate, 

the advantage of using density gradient is that it is not dependent on the definition of the 

urban spatial fringe, which makes it more convenient to compare between different 

areas and even different factors. This method has been fully verified in the empirical 

studies in different cities. It is usually used to describe population density (Clark, 

C.,1951; Khatun, H. et al.,2015), different industry employment density (White M 

J.1999; Li, J. et al., 2015), land price (Ding, C. et al., 2014) and urban spatial patterns 

(Marzluff J. et al.,2001; Longley, P. A. et al.,2002). 

It firstly set four functional curves which are linear, exponential, logarithmic, and 

power functions to fit POI density distributions. The adj. R2 test is performed on 

simulated data to compare the goodness of fit.  

Table 5.1 Fitting goodness of density gradient curves 

 Prob>F Adj.R2 Fit Status 

power function 0.017 0.460 118 Succeeded 

linear function 0.112 0.460 118 Succeeded 

logarithmic function 0.016 0.251 114 Succeeded 

exponential function 0.010 0.504 118 Succeeded 
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By comparing the fitting test of each function, the linear exponential curve are 

chosen in the following equation: 

D(r)=brx+a                                         (5.2) 

D(r)=a exp-br                                                           (5.3) 

where, r is the distance from a facility to the city centre (usually CBD, but in this 

study is TOD station). D (r) is the facilities density. The value of ‘a’ is the theoretical 

density of the spatial centre. The value of ‘b’ is the density gradient. The higher the ‘b’ 

value, the more compact the station area. 

Table 5.2 Statistical description of the density gradient of different types of stations 

 N Adj. R2 Max. d Min. d Average. d Std. 

Compact pattern (exponential function) 44 0.761 0.022 0.0008 0.57  0.003  

Discrete pattern (linear function) 74 0.370 -1.2 30.11 3.18  0.09  

At last, the 118 stations are divide into two modes: Compact pattern and Discrete 

pattern. 

3. Results of three spatial organization mode 

From the above classifications, the stations can be divided as: compact round 

pattern, discrete round pattern, and corridor pattern. According to reality, the study 

finally divides the stations into four categories: Node-based mode (compact round 

pattern), Circle-based mode (discrete round pattern), Corridor-based mode (corridor 

pattern) and under-development station. The overall stations can be classified as Table 

5.3. 

Table 5.3 Summery of three mode stations 

Mode Number Station name 

Node-based 20 Shenzhen North Railway Station, Daxin, Gangxia Station, Huaqiang Road, 

Shangmeilin, Fumin, Lingzhi, Bantian, Xixiang, Xingdong, Yangmei, Buxin, 

Fanshen, Huaqiang North, Huaxin, Baoan Center, Hongling, Nanlian, Dragon City 

Plaza, Jixiang 

Circle-based 40 Pingzhou, Buji, Minzhi, Convention and Exhibition Center, Shenzhen University, 

Laojie, Taoyuan, Huangbeiling, Futian, High-tech Park, Shopping Park, Guomao, 

Xili, Changlong, Jingtian, Science Museum, Honglang North, Shixia, Baishilong , 

Cuizhu, Tianbei, Children's Palace, Longsheng, Baoti, Gangxia North, Civic 

Center, Liuxiandong, Qiaocheng East, Yannan, Tongxinling, Qiaoxiang, Ailian, 

Lianhuacun, Lianhuaxi, Shuibei , Baohua, Xin'an, Houhai, Hongshuwan, Chegong 

Temple 
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Corridor-based 53 Wuhe, Grand Theatre, Window of the World, Longhua, Baishizhou, Danzhutou, 

Luohu, Gushu, Qinghu, Yitian, Dafen, University City, Caopu, Kapok Bay, Xia 

Shui Trail, Hubei, Bamboo Forest, Minle, Keyuan, Yijing, Henggang, Tanglang, 

Hourui, Lianhua North, Shuanglong, Sunbu, Tangkeng, Shangtang, Hongshan, 

Liuyue, Airport East, Tai'an, Qiaocheng North, Xinxiu, Shangshui Trail , 

Dongjiaotou, Xiangmei North, Shuiwan, Dayun, Haiyue, Hefei, OCT, Dengliang, 

Yonghu, Changling, Sea World, Bay Building, Xiangmi, Xiangmihu, Shekou Port, 

Chiwan , Qianhai Bay, Futian Check point 

Undeveloped  5 Lei Yu Men, Bai Ge Cage, Shenkang, Antou Mountain, Linhai 

5.1.3.2 Selection of target stations 

The selection of the target station is mainly based on the following principles: no 

new line interference around the station; the space of station area is fully utilized by 

land developer and metro passengers; and, the road form is abundant and 

representative. In addition, to compare each mode horizontally, three stations in each 

mode consciously include different type of functions. The final selected research 

object results are as Table 5.4. 

Table 5.4 Map view of nine target stations 

Node-based mode 

Shopping park Gangxia Minzhi 

Circle-based mode 

Lingzhi Baishilong Shenzhen university 

(continued) 
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Corridor-based mode 

Window of the world Sea world Tanglang 

5.1.3.3 Calculation of TOD station area 

According to the different research emphasis, this study divides the station range 

into multiple aspects: walking distance and facility attraction distance. Although the 

service area of the station is usually defined in terms of 10-15 minutes of walking 

distance, in fact, many experiences have shown that the urban environment and 

functional layout could affect the walking distance to railway transit and increase the 

potential range. A wide variety of facilities, high-density service facilities or smooth 

access paths could effectively extend pedestrian walking distance and increase the 

pedestrian radiation range of the station. Therefore, the station range not only includes 

the distance range of walking, but also needs to further consider the urban land use 

and spatial characteristics. 

Based on the density gradient curve in section 5.1.3.2, the boundary of each 

station can be calculated. After fitting all stations into exponential equations, each 

station can be represented by an equation and the first derivative value of each station 

can be calculated. The derivative value that is equal to minus one (the slope of a curve 

is 45 degrees) was used as the demarcation line and considered as the boundary of 

facilities concentrated scope. After all, eight stations have the similar scope as 

walking distance scope (800m), while only the scope of Lingzhi station is larger than 

that, which is 1300m area scope. Considering most of the stations and the importance 

of consistent station area, the study set the same radius as the research scope. After 

(continued) 
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estimation of the station area, the buffer of each station scope was confirmed: take the 

station as the centre of the circle, 800 m distance as the radius, and use GIS to divide 

the buffer areas.  

Owing to the close distance between some stations, the buffer areas are 

sometimes overlapping. To avoid the influence of  repeat calculation, the Thiessen 

Polygon in Meteorology is introduced to cut the overlapping station range. Thiessen 

Polygon is also called Voroni Diagram, used by Thiessen (1911) to express rainfall 

intensity in different regions. This method has been widely used in TOD region 

segmentation. Because residents tend to choose orbit stations which are close by 

during travel, the Thiessen Polygon could cut the overlapping range according to the 

principle of equal distance between stations, so as to guarantee the accuracy of the 

calculation of each station and to be consistent with the actual use of stations.  

In the calculation of street form, the combination of buffer zone and walking 

service area is adopted. The service area based on the road network is taken as the 

accurate station range: starting from the station, the distance along the road network is 

800 metres. The service area tool of network analysis in GIS is used to divide the 

coverage area of each station area. The overall process can be seen in Figure 5.6. 

     

a).The combination of 800m buffer and Thiessen Polygon   b).The combination of street network 

Figure 5.6 Schematic diagram of preliminary catchment area division 

However, for microscopic simulation, the above station scope still has great 

impact on the result and has further requirement for modelling accuracy. Therefore the 

range of influence should be divided one-by-one according to their own spatial 

characteristics: Firstly, to adjust the start point by the entrances and exits at each 

station, using GIS to calculate the reach range of the pedestrian service area based on 
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the network of entrance and exit of each station. Secondly, to check each station one 

by one, and doing the second revision on the integration results using block and 

community boundary. Based on the actual situation, some areas were slightly larger 

than the preliminary range. For example, the Window of the World station which 

contained two parks (Shenzhen Happy Valley and Window of the World) in the area in 

Figure 5.7. Although in the preliminary scope calculation it could not be covered 

completely, its only entrance and exit are all close to the subway station, and almost 

all of the internal flow of people are walking from there. As a result, the area scope 

needed to be extended so that the whole park should be within the walking coverage. 

Its internal facilities and spaces should be used to attract people and provide service to 

pedestrians. 

5.1.4 Feasibility of simulation 

Pedestrians under different ages, backgrounds and purposes have differences in 

walking speed, routes and time, which lead to complexity of walking behaviour. This 

complexity of walking behaviour is reflected in the urban space, which makes up a 

diversified walking scene. By using simulation and scenario planning methods, the 

complexity and uncertainty of walking behaviours in different scenes could be 

effectively controlled, the specific influence of external space conditions on 

pedestrian walking activities could be reasonably evaluated, and specific design 

strategies could be put forward on the basis of analysis results. 

  

Figure 5.7 Further division of TOD area in the Window of the World station 
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It is worth emphasizing that with the development of computer simulation and 

space analysis, the application of digital technology has become an important method 

to improve the rational planning and design. Particularly, the progress of computer 

simulation technology and the development of pedestrian simulation software 

strongly support the application of scenario planning method in urban walking space 

design. Simulation software has been able to accurately and effectively present and 

predict the usage scenario of pedestrian space, provide decision support for planning 

and design in order to achieve the spatial refined design (Chu & Lin, 2015). 

The software, Anylogic, which is adopted in this study, simulates the influence of 

pedestrians and environment and the interaction between pedestrians by setting up the 

pedestrian behaviour component, and the behavioural modelling module simulates 

pedestrians with 15 components. The types and parameters of components are shown 

in Table 5.5. 

Table 5.5 Pedestrian Simulation Component in Anylogic (Source: compiled by the research group) 

Name Description Main parameters 

Origin Generate pedestrians as a starting point for pedestrian flow Pedestrian start location, pedestrian 

speed, acceleration and deceleration 

Sink Receiving pedestrians as the end of the pedestrian flow Pedestrian end point location 

Go to Instruct the pedestrian's forward goal to guide the pedestrian 

flow 

Pedestrian activity point location 

Bypass Transfer one behaviour to multiple behaviours, assigning 

pedestrian flows by probability or condition 

Conditions and Probability of 

Activity Chain Decomposition of 

Pedestrian Flow 

Go in enter a certain area entrance of a certain area 

Go out exit a certain area exit of a certain area 

Individual pedestrian walking characteristics step size, speed, volume and body 

scale 

5.2 Model Establishment of Pedestrian Volume and Flow 

Distribution 

5.2.1 Research processes and methods 

5.2.1.1 Research processes 
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The research process of pedestrian traffic activities and distribution are divided 

into two aspects: spatial modelling and pedestrian modelling.  

For spatial modelling, based on real scenes, the POI location of the pedestrian 

flow and the distribution of the walking path should be set. Three parameters, the 

street (walkable route), the block (pedestrian destination) and the station location 

(pedestrian origin) need to be set. In the pedestrian catchment area (PCA) of each 

station, the area is further divided into several pedestrian analysis zone (PAZ), each 

PAZ divided by the secondary or branch road. 

For pedestrian modelling, the pedestrian traffic attraction of each PAZ can be 

generated by the facilities attraction flow from the field survey. Combining with the 

ridership record of each station, the pedestrian flow attraction rate and the rail transit 

passenger flow of each PAZ can be calculated. 

At last, the pedestrian flow movement and distribution can be verified and 

adjusted based on the observation of reality situation. The research technical route is 

following (Figure 5.8). 

Figure 5.8 Flow chart of research technical route 

5.2.1.2 Research methods 
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1. Pedestrian traffic volume forecasting method 

To analyse the pedestrian behaviour in the orbiting station, pedestrian 

distribution need to be obtained firstly. The method often includes qualitative and 

quantitative forecasting method. Qualitative forecasting method is mainly based on 

logical judgment. The qualitative forecasting method through relevant information 

and statistical data try to combine influencing factors to judge walking behaviour. The 

approach mainly includes the Delphi method and subjective probability method. 

Quantitative methods have become more and more popular in recent years with the 

development of computer technology and mathematical models. Quantitative 

calculation methods include regression analysis, input-output method, time series 

method and system dynamics method, all of which are widely used to predict 

construction project and decision support. 

Pedestrian activity is so diverse and complex it is difficult to judge or obtain its 

spatial distribution directly. In order to calculate the pedestrian traffic distribution 

reliably, the four-step method of traffic planning was used to predict and analyse the 

pedestrian traffic quantitatively. The four-step method of traffic planning is a typical 

method for traffic flow forecasting. It is widely used and practicable in traffic 

forecasting at present. The four steps, which are the trip generation, trip distribution, 

trip mode division and traffic assignment to predict and analyse the travel distribution 

of the traffic system, are based on the clear-thinking structure and simple data 

collection and processing requirements. Because the traffic volume of pedestrians has 

already been considered, the traffic mode division can be omitted.  

The process of forecasting the pedestrian traffic demand can be adjusted by the 

following three step procedure: 

The first step is to calculate the pedestrian traffic volume. First, the station area 

with the same functional categories and not separated by streets are divided into the 

same pedestrian community. Meanwhile, to obtain the total traffic demand in the 

region, the study takes the pedestrian community as a unit to collect and count the 

pedestrian activities, and from this the occurrence and attraction of pedestrian traffic 

in the pedestrian community are predicted. Based on the POI, the it uses the number 

of users attracted by different POI in the area to weighted calculation of POI. 

The second step is to calculate the distribution of pedestrian traffic demand and 

transform the trip volume between each area into a spatial OD matrix. It is generally 

believed that the number of trips between traffic districts is directly proportional to 

the range of the traffic area from the beginning to the end, which is inversely 

proportional to the space distance. In the railway station area, the railway transit 

station and the surrounding pedestrian community are usually considered as the 
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starting and ending points of the traffic trip. In the meantime, the trip network formed 

by each trip section is a divergent network structure centred on the station. 

The third step is the pedestrian traffic assignment. It distributes the OD traffic 

volume obtained from the traffic demand distribution to various places according to 

the road network, and then obtains the traffic flow of each area or facility. The factors 

affecting the distribution mainly include road network structure, social and economic 

factors of travellers and traffic impedance. Because the station area is usually smaller 

than the city area, and the walking distance is shorter, so the trip-chain of pedestrians 

is not considered in this study. 

2. Pedestrian simulation method 

Pedestrian simulation belongs to computer simulation, which is one of the 

branches of simulation science applied in the study of traffic.  It is not only an 

important part of intelligent transportation, but also an important application of 

computer technology in the field of traffic engineering to analyse the spatial changes 

caused by pedestrian flow in a complex environment by computer digital simulation. 

Since the 1990s, pedestrian simulation has developed into a technical analysis method 

for traffic system experimentation. Pedestrian simulation can effectively simulate 

many scenarios such as road pedestrian traffic simulation, traffic station pedestrian 

simulation and large-scale activity pedestrian simulation. This study mainly uses 

AnyLogic software to simulate road pedestrians. AnyLogic is a software tool 

combining system dynamics and an agent-based model. The core algorithm of 

pedestrian simulation is based on a social force model that is mainly based on its 

pedestrian database. 

The main purpose of pedestrian simulation is to simulate pedestrian path 

selection on the path between trips Origin-Destination (OD). Although the pedestrians 

travel from the same starting point to the same destination, different pedestrians will 

choose different routes based on a variety of factors. Traffic flow assignment is 

usually carried out by random assignment, which usually requires multiple searches. 

The method of pedestrian simulation can consider the characteristics of pedestrian 

flow and psychological decision-making to effectively judge the travel path. For 

example, when there is too much traffic on one path, the pedestrians take the initiative 

to avoid and choose another path with less traffic. The simulation model usually 

builds the model for the space environment and pedestrian behaviour, which based on 

the data of the simulation environment, the pedestrian traffic demand and behaviour 

characteristics. 

The modelling of spatial environment needs to draw spatial elements according 

to the real environment, including street network and land use. The pedestrian 
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network model includes three parts: sidewalk, intersection and traffic barrier. The 

sidewalk is extracted based on road conditions 

Pedestrian behaviour modelling uses Anylogic 8.0 with flow chart method. On 

the one hand, according to the logical order of pedestrian behaviour, the moving 

module is set in turn, including Pedestrian source generation – Pedestrian go to and 

turn - Pedestrian sink of the travel logic chain and set the generation amount and split 

ratio of each module in turn. On the other hand, the pedestrian behaviour modelling 

based on the pedestrian walking characteristics set the initial walking speed, 

comfortable speed, pedestrian type, pedestrian body size and pedestrian group 

possibility. 

5.2.2 Data processing and model establishment 

5.2.2.1 Data processing of pedestrian source 

This article is based on the Shenzhen Metro smart card data on September 29th, 

2016 (Thursday) as the benchmark for pedestrian flow around each subway station. 

The subway passenger flow mainly refers to the passenger flow which uses railway 

transit, takes the stations as the starting point and destination and accesses from 

outside the station, excluding the transfer passenger flow. On that day, the city had a 

total of 3,624,585 passengers. The passenger flow of each station including all-day 

time periods is shown in the Figure 5.9. The morning peak is 7:30-9:30 am, the 

evening peak is 6:00-8:00 pm. 

 

Figure 5.9 Smart card record of line1-5 

Through the analysis of the passenger flow in and out of each station, it shows 
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that the characteristics of the flow in and out of each station are different during the 

peak hour: because of more living place than the employment position, Minzhi, 

Lingzhi ,Baishilong and Window of the world stations tend to experience more 

inbound passenger traffic at the early peak whereas more outbound passenger flow at 

the late peak. By contrast, shopping park, Gangxia, Shenzhen university Sea world 

and Tanglang stations are surrounded by more business quarters than the residential 

areas, therefore having a larger inbound passenger flow at the early peaks while more 

outbound passenger traffic at the late peaks This provides the basis for the next 

simulation scenario setup. 

Table 5.6 Smart card in and out record in target stations 
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5.2.2.2 Pedestrian distribution and walking parameter 

In the past research, the traffic attraction is generally reflected by the weight of 

the facilities level, type, scale and the public awareness. In this study, the actual user 

number of POI is used as the weight indicator to obtain the pedestrian flow attraction 
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weight, and the traffic flow of different kinds of POI and the total traffic volume of 

each PAZ are reflected from the perspective of the number of users.  

For the users number of facilities, this study employs the gate count observation 

method and the WIFI probe device recording method to obtain the actual times of 

using functional facilities. In terms of the selection of the research object, as the 

number of POI is too large, it is impossible to obtain the visitors flowrate of each POI. 

In this study, a stratified sampling method is used, with the confidence level of 95% 

and the confidence interval of 15% as the standard. A total of 46 POI samples from 

two levels were selected for field investigation. First, according to Guidance for TOD 

Zones in Shenzhen City, the metro stations are divided into two levels: regional TOD 

and city TOD. Then, based on the classification of POI functions in Chapter 3, each 

function is subdivided into three categories according to the passenger numbers, 

which is ‘Large’, ‘Medium’ and ‘Small’. Differently, the commercial and service 

facilities whose functions are complex and the number of customers is significantly 

distinct are subdivided into five kinds. Each level of the station contains 23 samples 

and a total of 46 different scales of POI users. Functional facilities with small scale, 

such as convenience stores, cash machines, etc., are observed and records made of the 

flow of people entering and leaving the gate within 15 minutes; Facilities with large 

scale, such as shopping malls, general hospitals, etc., are observed by WIFI probes to 

obtain 1 hour’s visitor flowrate. Finally, the total number of people in the region will 

be calculated as the sum of the number of POI with the number of users of each 

functional facility as the weight. The result is predicted to increase with the number of 

POI and users. The calculation as follows: 


=

=

=
46

1n
ix

n

inni kX
                                      (5.4) 

Where, Xi represents the total passenger flow, Xin refers to the number of POI in 

the ‘i’ station with the ‘n’ type，kin is the passenger flow of the POI in the ‘i’ station 

with the ‘n’ type. 

Then, according to the traffic flow direction coefficient in the Trip Generation 

(2009) provided by the traffic travel rate index research group, the amount of 
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occurrence and attraction of the different functional facilities at the peak period are 

calculated. Finally, the walking attraction of each PAZ is obtained. 

Table 5.7 Walking direction coefficient of land use function (source: Trip Generation, 2009) 

Function Morning peak Night peak 

 in out in out 

residence 31% 69% 55% 45% 

business 85% 15% 25% 75% 

commerce 55% 45% 55% 45% 

public service 55% 45% 35% 65% 

green space 55% 45% 40% 60% 

For the walking behaviour, the pedestrian flow rate is recorded by video 

observation. Although the walking speed is slightly different for the impacts from the 

factors like pedestrian’s age and gender, most passengers have similar overall walking 

speeds during the same period. After statistical compilation, the average pedestrian 

walking speed during the peak hour is 1.31 m/s, and the average pedestrian walking 

speed during the off-peak hour is about 1.2 m/s. 

For the setting of pedestrian human scale, the statistical data from human 

dimension of Chinese adult (GB/T 10000-1998) is adopted. The average shoulder 

width of adult males aged 18-60 in China is 375mm, and the number of adult females 

aged 18-55 is 351mm. In addition, most of the passengers on this station are 

commuting-oriented without large luggage. Only a few passengers carry backpacks or 

satchels, and their impact on body size and pedestrian density is negligible. In this 

study, the average shoulder width is recorded as 360 mm as the pedestrian radius. 

5.2.2.3 Spatial data setting and adjustment 

Based on Gaode POI data, OSM road map and Baidu real map, this study uses 

Anylogic software to model the urban space around the station. The procedure is as 

follows: 

First, to divide the pedestrian analysis zone (PAZ). PAZ is the origin-destination 

(OD) of walking activities around the metro station. Since the actual walking 

destinations of each pedestrian are different, it is usually necessary to simplify the 
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research object before calculating the traffic behaviour. Randall (2000) takes family as 

the OD of the walking activity. Yang (2003) takes the centre of gravity of the triangle 

from each block divided by diagonals as residents' OD in different directions. Xiong 

(2008) uses the entrances and exits of the community, school or block as the OD of 

daily walking activities. In this study, the PAZ, which is more consistent with the 

actual situation, is selected as the analysis unit, and the entrance and exit of the 

community is taken as the OD. This method can preserve the accuracy of the model to 

the greatest extent, and at the same time simplify the integration of walking OD and 

route, reducing the operand. According to the principle of internal consistency and 

external difference, the PAZ division allots the lands with similar functions and no 

road segmentation into the same PAZ. Meanwhile, it adjusts according to the actual 

community boundaries based on the road network coverage area, including the scope 

of the same community. The whole block is subdivided by the boundary of the city 

street. Finally, each station area contains 9-18 PAZs. An example can be found in 

Figure 5.10. 

     

Initial analysis area       Extended analysis area with PAZ division     PAZ in simulation model 

Figure 5.10 A example of dividing PAZ in Sea World station 

Next, to set walking OD. Since the walkability of departure from the subway 

station is the main consideration, the subway station entrance and exit are set as the 

walking starting point. The pedestrian destination is mainly integrated with Baidu 

Street View map and POI's street entrance and exit information, determining the 

entrance and exit of each PAZ. The closer entrances and exits are integrated, so that 

each PAZ has about 3-5 entrances and exits. 

In the setting of the walking path, objects that cannot be traversed during 
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walking (such as garden walls, green shrubs, motor vehicle roads, etc.) are divided by 

partition components (where pedestrians cannot pass through); different types of 

walking paths and crossing channels are marked as a pass-through area (where 

pedestrians can pass through); a landscape or leisure facility that attracts pedestrians 

to stay is marked as a waiting and attraction area (where pedestrians can stay). 

In the model simplification processing, the model adopts the processing method 

of clustering and grading according to the actual spatial scale. Due to the limitations 

of Anylogic software on its own algorithms and computer processing speed, the 

modelling accuracy in urban areas cannot reach the actual level. Therefore, based on 

the actual behaviour of pedestrians crossing the street, this study preserves the 

motorway of the main roads of the city and the sidewalks on both sides in the 

modelling. The motorway of the urban secondary roads and the urban branch roads 

are merged with the sidewalks on both sides. It is considered that pedestrians can 

cross the city's secondary trunk roads and city slip roads at any point. An example can 

be found in Figure 5.11. 

      

a).PAZ, entrances and Statistical tools             b).Pedestrian flow in the simplified model 

Figure 5.11 Example of model simplification in Shopping park station 

5.2.2.4 Simulation model establishment and result acquisition 

Initially, the first step is to set up the simulation scenarios. Through investigation 
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and field survey, it is found that the walking passenger flow of the stations during the 

off-peak hour is stable and smooth, whereas it is crowded and congested during the 

peak hours and leads to many serious problems. Therefore, this study mainly targets 

on the simulation of the station area in the peak hours. According to the analysis of 

the station function and the smart card records, the outbound night peak of Minzhi, 

Lingzhi, Baishilong and Window of the world stations, the outbound night peaks of 

shopping park, Gangxia, Shenzhen university and Tanglang station are selected. 

Secondly, this step is to establish pedestrian moving logic (Figure 5.12). 

Pedestrians from the subway station to the destination mainly follow the travel logic 

chain as follows: ped source module - ped go to module - ped sink module. The 

pedestrian flow in travels is based on the total number of people who exit the subway 

station in different time periods. The pedestrian turning probability is obtained 

according to the PAZ walking attraction calculated above. The proportion of a certain 

PAZ attraction amount in the whole area is calculated, and this ratio is evenly 

distributed at each entrance and exit of the block. In software simulation, pedestrians 

prefer the path with shorter walking distance to reach the destination. When there are 

massive individuals gathering on the path, a certain proportion of pedestrians will 

gradually change to a longer distance but smoother path to reach the destination and 

then move out of the model. 



 

 149 

 

Figure 5.12 Moving logic of pedestrian flow 

Finally, after the walking distribution is stable (1 hour), the pedestrian flow on 

each street is exported through the statistical summary tool in the software, and the 

distribution of pedestrian flow in the streets around each station is obtained (Figure 

5.13). 

 

Figure 5.13 Statistical results of walking time and pedestrian number in each street 
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5.3 Model Validation and Adjustment 

5.3.1 Population volume and distribution  

This study uses simulation results data for training, thermodynamic  diagrams 

(or called heat map) to verify the population distribution and street counting data to 

verify the pedestrian flow distribution. These verification methods have been applied 

in many urban space research papers and has a certain reliability (N Shlayan et 

al. ,2016; Zhuang & Yuan, 2017; Wang, 2018). 

The thermodynamic diagram is originally used by websites to count the visitor 

click rate of the webpage. The data flow distribution is visually displayed by 

highlighting the colour, and it has been widely applied to the field of spatial big data 

mining. The WeChat thermodynamic diagram is a graphical representation of the 

number of people and geographic location on the mobile phone WeChat app based on 

the electronic map. The warmer the colour, the more people there are, and the colder 

the colour, the smaller the number of people. Based on Annual Report of WeChat 

2017 published by WeChat, in 2017, WeChat login number has reached 902 million, 

which is one of the largest mobile platforms in China. Its user distribution and 

thermodynamic diagram can effectively reflect the distribution of urban population. 

Taking the number of people in each POI as the weighted value, the kernel 

density calculation is performed in the GIS and visually displayed, and the 

distribution of the user flow of each station can be obtained. By comparing with the 

thermodynamic diagram as Table 5.8 shows, it is possible to preliminarily verify the 

distribution of the walking attraction in each station area. 
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Table 5.8 Comparison table of simulated and real population distribution 
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 Window of the world Sea world Tanglang 
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density 

of POI 
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map of 

Wecha

t 

  
 

 

Comparing the actual pedestrian flow with the POI weighted pedestrian flow, it 

can be seen that the cold and hot spots of the two have similar positions. After 

in-depth analysis of the dissimilar areas, two main reasons are found for the 

difference. 

Firstly, the partial POI changes, such as Baoan Haiya supermarket of Lingzhi 

Station and Zhongzhou mall. The former stopped operation at the end of 2016 and 

began to be demolished and rebuilt. After that, number of users declined. The latter 

began to open at the end of 2016, attracting a large number of users.  

Secondly, some pedestrians are located in underground commercial streets, such 

as the Liancheng underground commercial street of the shopping park station. 

Although the heat map shows more users, most of the users are in the underground 

space and do not use the ground space. Therefore, it does not affect the traffic flow on 

the streets on the ground. 

For the above two reasons, the station POI with a large gap is re-adjusted, and 

finally the number of attracted pedestrians that basically conforms to the actual flow 

distribution is calculated. 

(continued) 
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5.3.2 Pedestrian flow distribution 

In order to verify the accuracy of the simulation results, this study takes 

Tanglang station as an example to carry on empirical research. At the morning peak 

hours, the number of passengers entering and leaving Tanglang station is large. The 

simulation process is complicated. So the errors could be large. Taking this station as 

an example, it can better reflect the accuracy of the simulation results of all stations. 

The verification method is mainly collecting the number of street pedestrians through 

investigation at the local place, and comparing it with the simulation results. Based on 

the comparison between the actual data and the simulation results, the error 

percentage of the calculation results is analysed through the following formula: 

                                        (5.5) 

Where E is the percentage of error; R’ is the estimated value through simulation; 

R is the actual value collected at local streets. 

At last, the average error rate of the pedestrian volume in each street was 22.5%, 

indicating that the software has a reliability of 77.5%. Further analysis of each street 

with large errors found that the areas farther away from the station had higher errors. As 

can be seen from the above table, the points with a large percentage of error are mainly 

streets 6, 7, 13, and 14. The reason for the analysis is that most of the pedestrians in the 

area are surrounding residents, and their daily leisure activities are not targeted to the 

station and are therefore not included in the modelling. In the previous studies, the 

research areas were indoor space of railway stations. Therefore, the error rate remains 

7-10% which are lower than this study (Gao, 2015; Liu, 2016). In the outdoor open 

space with sufficiently route choices, the error rate could be theoretically higher than 

that of outdoor space. Although no simulations have been used to calculate the 

pedestrian flow in urban areas, we believe that as a pioneering study which only 

focusing the railway passengers, a 20% error rate is acceptable. 
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Table 5.9 Pedestrian flow data in Tanglang station 

 

 

 

 

 

 

 

 

In this study, it mainly simulates the walking activities from or to the stations. 

Although some local pedestrians are walking within the area and do not use the transit 

station in reality, this proportion is considered as a small part, which has limited effect 

on the overall pedestrian congestion during the peak period. Therefore, although there 

is a certain error between the overall number and the simulation, it is still considered to 

be in a reasonable range. 

5.3.3 Walking time 

Walking time is an important parameter to evaluate the efficiency of walking 

space, the simulation effect of which directly affects the correctness of the conclusion 

of the paper.  

In this study, taking Shenzhen university Station as an example, the road sections 

of the four exits are simulated during the morning peak hour, and the walking time 

from this is compared with the actual situation. Owing to the large number of people 

street No. real pedestrian 
simulated  

pedestrian 

percentage  

of error 

1 122 141 0.15 

2 129 156 0.202 

3 182 184 0.011 

4 199 176 0.117 

5 124 147 0.186 

6 55 75 0.373 

7 118 160 0.363 

8 528 616 0.167 

9 731 855 0.169 

10 753 892 0.185 

11 446 560 0.255 

12 706 817 0.158 

13 221 294 0.331 

14 85 112 0.318 

15 773 535 0.308 

16 369 444 0.203 
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standing in the morning peak hour, the pedestrian congestion phenomenon is more 

obvious. In particular, the simulation results of the walking time of the exit section 

may have large errors, so it can better reflect the difference between the simulation 

time and the real time. The main method is to record the time nodes of the multiple 

passengers and the whole time length through the actual investigation to obtain the 

average value, and compare the error percentage formula with the simulation results 

to calculate the degree of difference. 

Table 5.10 Comparison of walking time in Shenzhen university station 

location real walking time(s) simulated walking time(s) percentage error 

Entrance of A2 179 188 5.03% 

Entrance of A3 294 283 3.74% 

Entrance of A4 290 292 0.69% 

Entrance of C 167 160 4.19% 

It can be seen in the Table 5.10 that the pedestrian walking time interval of the 

pedestrian peak is about 5%, indicating that the software has a reliability of 95% for the 

real situation, which is considered to be an acceptable error rate. 

5.3.4 Individual walking behaviour 

1. Pedestrian grouping 

In most cases, there will be a certain proportion of pedestrian groups in the 

passengers who use railway transportation. The pedestrian groups have their own 

walking behaviours which are different from the individuals’ behaviours during the 

passage, and their “team behaviour” will also affect the walking of the surrounding 

passengers. 

In the reality, the pedestrians will “compose a team” during the journey, even if 

they are separated by crowds, they will wait for each other and regroup to go forward. 

In the simulation result, after setting a certain proportion of “pedestrian group” in 

the model, the simulation results are shown in the figure below. The results shown in 

the figure are categorized by the simulation time lengths of 30s, 60s, and 90s. It can 

be seen that during the travel process, the four pedestrians in the team always go 
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forward as a team, a behaviour pattern which is consistent with the real situation. 

 
a).Pedestrian distribution with the simulation time length of 30s 

 

b).Pedestrian distribution with the simulation time length of 60s 

 

c).Pedestrian distribution with the simulation time length of 90 s 

Figure 5.14 Anylogic simulation results of pedestrian grouping 

2. Walking path choices 

When pedestrians go from the departure to the destination, they usually have 

multiple walking paths, and the walking environment of each path is not exactly the 

same. Based on the idea of time-saving and energy-saving, pedestrians adjust their 

walking paths in real time according to changes in the walking environment when 

walking in space. 

In the reality, when the shortest distance path is congested, the pedestrian will 

choose a far but not congested path to pass. Although it will waste a certain amount of 

physical energy, it saves a lot of time. In addition, when pedestrians, who are walking 

on the sidewalk, encounter large scale space, for the purpose of saving time and 

physical energy, the original walking path is automatically abandoned and the 

"diagonal" of the large-scale space is selected. 
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In the simulation results, it can be seen that some pedestrians choose to travel 

with the longer path, noticeable when the shortest path is blocked and the speed is 

reduced. The behaviour of taking shortcuts in the planar space is in line with the 

actual situation. 

     

Figure 5.15 Walking path choices in the simulation model 

3. Automatic channelization 

Automatic canalization is one of the main characteristics of pedestrian flow that 

is different from motorized traffic flow. It makes obvious effect on traffic efficiency. 

Therefore, whether software can simulate this feature is important for the accuracy of 

research. 

In the reality, pedestrian traffic is generally mixed with opposite directions, but 

pedestrians in different directions will inevitably have conflicts. In order to improve 

efficiency, pedestrians in the same direction will automatically form a 

"channel-shaped" flow, which will greatly reduce the conflict of confrontation. 

In the simulation results, Different colours represent pedestrians in different 

directions. Observing the simulation results, it can be seen that pedestrians in the 

same direction will automatically gather and merge to form a “channel-shaped” flow, 

which is in line with the behaviour characteristics of pedestrians. 

 

Figure 5.16 Anylogic simulation result of Automatic channelization 
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5.4 Summary 

The main content of this chapter is to input the dependent and independent 

variables in the model and to verify the validity of the simulation results. Firstly, the 

research flow is designed, and the nine target stations are selected. The feasibility of the 

simulation process is theoretically demonstrated. Secondly, a simulation model based 

on actual peak hour is constructed. The simulation data is tested and optimized through 

field research. Finally, the walking flow efficiency index based on simulation is 

obtained with the model statistical descriptions. 
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6. Chapter 6 MUTUAL RELATIONSHIP 

BETWEEN SPATIAL ORGANIZATION AND 

WALKING SERVICE EFFICIENCY 

6.1 Introduction 

This chapter mainly discusses the relationship between spatial organization and 

walking service efficiency at the street level. Firstly, the relationship between walking 

service efficiency and functional organization, street form and traffic service is 

generally discussed. Then, the three spatial organization modes are compared to 

explore the characteristics and differences. Finally, a special discussion on the 

changes in functional structure and the influence of street patterns is based on the 

spatial development prediction. 

The core of this study is to confirm and quantify the mutual relationship between 

walking service efficiency and spatial organization. Both real-world experience and 

theories have shown that both land use and street morphology have an impact on 

walkability. The urban network pattern in reality can be reflected from the traffic flow 

between functions. However, the distribution of such flows is actually superimposed by 

the spatial interaction of urban structure and geographical location. It has spatial 

dependence. Although there is a strong need for correlation between certain land use 

functions, the association between spatial elements is constrained by real geospatial 

space and street network forms. The association and strength of influence is difficult to 

be confirmed and quantified.  

Therefore, this analysis assumes that the spatial organization, including the factors 

and their organization mode, can have a significant impact on pedestrian walking 

services efficiency. It is necessary to determine the key elements and their degree of 

influence. The correlation method will be used to verify the relationship between 

service efficiency. The regression method will be used to quantify the degree of 

influence of each spatial organization factors. Next, the efficiency of walking services 
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in different organizational modes and predicted scenarios of future development is 

discussed in depth. The expected results include: 

1) Key elements of spatial organization that affect service efficiency; 

2) The mutual relationship between service efficiency and spatial organization 

mode; 

3) The effect differences between three spatial organization modes; and 

4) The predicted future pedestrian flow movement and its relation with spatial 

organization. 

6.2 General Relationship Between Walking Service Efficiency 

and Spatial Organization Elements 

6.2.1 Statistical description of the dependent and independent 

variables 

1. Dependent variables of walking service efficiency 

The statistical description of the four evaluation indicators of walking service 

efficiency of 253 streets in 9 stations was carried out by use of the value of average, 

minimum, maximum, and standard deviation. The overall statistical description of 

each indicator are shown in the Table 6.1. 

Table 6.1 Statistical description of walk service efficiency variables 

 Average Min. Max. Std. N 

Walking speed 1.19  1.11  1.27  0.02  253 

Pedestrian volume 360.64  2.00  2776.88  462.82  253 

Congestion imbalance -0.07  -1.00  12.19  1.51  253 

Street sensitivity 2.66  0.00  249.22  16.76  253 

Classifying the four efficiency indicators by organization mode (Table 6.2). The 

statistically described results are shown in the following table. The results indicate that 

there is a little difference in the walking speed of each station. For the pedestrian 

volume, mean value in most of stations are 300-500 persons/hr. But the difference 

between Circle-based and the Corridor-based mode is large. The difference of streets of 
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Node-based stations is large. In addition, the standard deviation of congestion 

imbalance of Node-based station is large, indicating that the congestion degree of each 

street is also different. About half of the stations have street space sensitivity values 

between 100 and 200. Except for the Sea World station, most stations have stable 

pedestrian status on the street. 

Table 6.2 Statistical analysis of each station 

Mode Station name Walking speed Pedestrian 

volume 

Congestion 

imbalance 

Street 

sensitivity 

Mean std. Mean std. Mean std. Mean std. 

Node-based Shopping 

park 

1.1879  0.0219  346.86 574.46  0.00 2.13  191.60 2.92  

Gangxia 1.1975  0.0231  378.15  496.42  0.00 1.23  173.25  1.67  

Minzhi 1.1922  0.0160  451.39  638.20  0.00 1.44  656.40  5.97  

Circle-based Lingzhi 1.1969  0.0163  369.25  269.95  0.00 0.87  193.94  0.79  

Baishilong 1.2022  0.0193  222.31 365.14  0.00 1.36  63.45 9.79  

Shenzhen 

university 

1.1878  0.0203  628.52 392.74  0.00 2.41  61.52 0.72  

Corridor-based Window of 

the world 

1.1875  0.0093  516.59  461.75  0.00 0.80  152.33  12.79  

Sea world 1.1930  0.0255  87.46  139.22  0.00 1.26  129.59  46.99  

Tanglang 1.1937  0.0231  325.97  285.56  0.00 1.20  388.81  0.36  

Correlation analysis was performed on the four dependent variables by the 

Pearson (two-tailed) test (Table 6.3). The results indicate a certain correlation among 

the dependent variables. Among them, the pedestrian volume is significantly related 

to the other three indicators. The more pedestrians there are, the lower the walking 

speed, the higher the space congestion and sensitivity. 

Table 6.3 Correlation coefficient of dependent variables 

  

Walking 

speed 

Pedestrian 

volume 

Congestion 

imbalance 

Street 

sensitivity 

Walking speed 
 

Pearson 

Correlation 

1 -.214** -.161* -.063 

Sig. (2-tailed) 

 

.001 .013 .322 

N 253 253 236 253 

Pedestrian 

volume 

Pearson 

Correlation 

 1 .792** .303** 

Sig. (2-tailed)   .000 .000 

N  253 244 253 
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Congestion 

imbalance 

Pearson 

Correlation 

  1 .299** 

Sig. (2-tailed)    .000 

N   244 236 

Street sensitivity Pearson 

Correlation 

   1 

Sig. (2-tailed)     

N    253 

**. Correlation is significant at the 0.01 level (2-tailed).      

*. Correlation is significant at the 0.05 level (2-tailed).     

2. Independent variables of spatial organization 

The statistical analysis of the spatial organization evaluation indicators of each 

station are also performed by the mean value, minimum value, maximum value and 

standard deviation. The overall results are shown in the following table. 

Table 6.4 Statistical description of spatial organization numerical variables 

Independent variables Average Min. Max. Std. 

Functional structure 

Commercial facilities 75.32 0 517 76.39 

Business facilities 28.22 0 309 45.93 

Residence facilities 1.77 0 34 2.79 

Public service facilities 9.85 0 76 11.34 

Green space facilities 0.16 0 3 0.44 

Transit facilities 5.58 0 24 4.28 

Facilities type 5.04 1 7 0.98 

Job-housing balance 19.52 0 309 41.17 

Street form 

Connect  4.69 0.28 2.08 0.33 

Integration 1.46 0.75 3.69 0.43 

Depth 24 5 53 8.66 

Control 1.04 0.28 2.08 0.33 

Betweenness 186.51 1 2800 334.41 

Traffic service 

Width of sidewalk 3.66 1 18 2.47 

Width of motor lane 12 6 30 9 

Walking distance 474.85 5 1056 228.42 

By Pearson two-tailed test, 16 numerical variables and two categorical variables 

(road hierarchy and spatial mode), a total number of 18 independent variables were 

analysed for overall correlation. The results show that street morphological variables 

were more correlated with other variables. This was followed by functional variables. 

Variables with significant correlations accounted for 42% of the population (65/153). 
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Therefore, the collinearity of the independent variables needs to be considered in the 

next regression analysis. 

From the analysis of the correlation between independent variables and dependent 

variables, it was found that there is significant correlation and collinearity within the 

variables. The regression analysis need to avoid collinearity influences. 

6.2.2 Correlation analysis between walking service efficiency and 

spatial organization elements 

According to the Pearson correlation test (two-tailed), the correlation between 

pedestrian flow efficiency index and spatial function, street shape and traffic service 

index is analysed. The results are as follows. 

Table 6.5 Pearson correlation coefficient between dependent and independent variables 

  
Walking 

speed 

Pedestrian 

volume 

Congestion 

imbalance 

Street 

sensitivity 

Functional 

structure 

Commercial 

facilities 
0.109 .311** .196** 0.067 

 Business facilities 0 0.096 0.054 0.058 

 
Residence 

facilities 
.148* 0.01 -0.015 0.061 

 
Public service 

facilities 
0.056 .200** 0.108 0.083 

 
Green space 

facilities 
-.405* -0.084 -0.032 -0.077 

 Transit facilities 0.043 .216** .188** 0.015 

 Facilities type -0.009 .128* 0.08 0.073 

 
Job-housing 

balance 
-0.007 .179* 0.096 -0.01 

Street form Depth 0.056 .342** .372** .165* 

  Connect 0.003 .306** .309** 0.072 

  Control -0.037 .159* 0.125 -0.021 

  Integration 0.016 .305** .303** 0.085 

  Betweenness -0.155 .633** .655** .614** 

Traffic service Road hierarchy -.171** -.229** -.301** -.129* 

  Width of sidewalk -0.018 -0.014 -.191** -0.047 
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Width of motor 

lane 
0.108 .193** 0.03 -0.015 

  walking distance 0.076 -.326** -.341** -.135* 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

From the correlation results, commercial facilities, public service facilities, 

transportation facilities, road grades, walking distance, street depth, connectivity, 

integration and betweenness all have significant effects on multiple indicators of 

walking service efficiency. Among them, indicators related to walking speed accounted 

for 16.7%, indicators related to pedestrian size accounted for 72.2%, indicators related 

to congestion accounted for 50%, and indicators related to sensitivity accounted for 

22.2%.  

It can be seen that pedestrian volume is most relevant to spatial organization. 

Among three aspects of function, street network and traffic service factors, the street 

network has the most important relationship with pedestrian walking service efficiency. 

6.2.3 PLS regression analysis between walking service efficiency and 

spatial organization elements 

In the previous analysis of the correlation between independent variables and 

dependent variables, it was found that there is significant correlation and collinearity 

within the variables. Therefore, Partial Least Squares regression (PLS) is used to avoid 

the collinearity influences. Four models of PLS regression were constructed for the 

four evaluation indicators of walking service efficiency. Among them, the Variable 

Importance in the Projection (VIP) value represents the importance of each element, 

usually the value greater than 1 has a significant impact, and the weight value 

represents the positive or negative impact of the element on efficiency. The indicators 

are standardized and then imported into the model, and the results are as follows. 

1. Walking speed (Model 1) 

In Model 1, a total of four principal component factors were obtained. The 

Cumulative X Variance of the independent variable was 76.2%, and the Cumulative Y 
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Variance (R-square) of the dependent variable was 88.7%. The cumulative fit of the 

model 1 (adjusted R-square) is 81.1%. 

Table 6.6 Variable Importance in the Projection (VIP) and weights of Model 1 

 
Variables VIP Weights 

Functional structure Commercial facilities 0.78  -0.40  

Business facilities 1.02**  -0.12  

Residence facilities 0.98* 0.02  

Public service facilities 0.81*  -0.06  

Utility 1.05** 0.33  

Green space facilities 0.92* 0.65  

Transit facilities 1.11**  0.23  

Facilities type 0.00  0.00  

Job-housing balance 1.26**  0.04  

Street form Depth 1.26** -0.04  

Connect 0.76  0.05  

Control 0.59  -0.07  

Integration 0.93* 0.28  

Betweenness 0.53  0.07  

Traffic service Road hierarchy 1.31** 0.32  

Width of sidewalk 1.75** 0.01  

Width of motor lane 0.96* -0.10  

walking distance 1.41** -0.14  

Spatial mode 1.47** 0.62  

adj.R2 0.811 

**. Correlation is very important variable. 

*. Correlation is important variable. 

By comparing the importance and weight values of various factors, it is found that 

functional structural elements and traffic service elements have a significant impact on 

pedestrian walking speed. Factors such as industry, transportation facilities, job and 

housing balance, road depth, walking distance and spatial mode have a significant 

impact on the walking speed, while residence, public service, road integration and 

roadway grades have an important impact. 

2. Pedestrian volume (Model 2) 

In Model 2, a total of six principal component factors were obtained. The 

Cumulative X Variance of the independent variable was 84.9%, and the Cumulative Y 

Variance (R-square) of the dependent variable was 92.6%. The cumulative fit of the 

model 1 (adjusted R-square) is 81.4%. 

 



 

 166 

Table 6.7 Variable Importance in the Projection (VIP) and weights of Model 2 

 
Variables VIP Weights 

Functional structure Commercial facilities 1.03**  0.37  

Business facilities 0.63  0.05  

Residence facilities 0.55  0.17  

Public service facilities 1.15**  -0.01  

Utility 1.35**  0.27  

Green space facilities 1.14**  -0.67  

Transit facilities 1.10**  -0.44  

Facilities type 0.00  0.00  

Job-housing balance 1.72**  -0.53  

Street form Depth 3.59**  1.19  

Connect 1.43**  0.37  

Control 0.85*  -0.10  

Integration 1.04**  0.14  

Betweenness 1.49**  0.83  

Traffic service Road hierarchy 1.19**  0.15  

Width of sidewalk 0.92*  -0.37  

Width of motor lane 1.21**  -0.26  

walking distance 3.25**  1.26  

Spatial mode 2.03**  -0.69  

adj.R2 0.814 

**. Correlation is very important variable. 

*. Correlation is important variable. 

By comparing the importance and weight values of various factors, it is found that 

the importance of street form influence is significantly improved, and streets connect, 

control and betweenness have a significant impact. In terms of functions, the 

importance of commercial facilities has increased significantly, while the importance of 

industry and housing has declined. The importance of the elements of traffic service is 

almost the same as that of Model 1. 

3. Congestion distribution imbalance (Model 3) 

In Model 3, a total of six principal component factors were obtained. The 

Cumulative X Variance of the independent variable was 26.8%, and the Cumulative Y 

Variance (R-square) of the dependent variable was 82.8%. The cumulative fit of the 

model 1 (adjusted R-square) is 78.5%. 

Table 6.8 Variable Importance in the Projection (VIP) and weights of Model 3 

 
Variables VIP Weights 

Functional structure Commercial facilities 2.12**  0.49  
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Business facilities 1.06**  0.01  

Residence facilities 0.93*  -0.40  

Public service facilities 0.91*  0.03  

Utility 1.34**  -0.55  

Green space facilities 1.29**  -0.46  

Transit facilities 0.81*  -0.34  

Facilities type 0.00  0.00  

Job-housing balance 1.69**  0.17  

Street form Depth 1.09**  -0.01  

Connect 0.44  0.08  

Control 0.76  0.31  

Integration 0.77  -0.04  

Betweenness 0.91*  -0.33  

Traffic service Road hierarchy 0.47  -0.19  

Width of sidewalk 0.84*  0.18  

Width of motor lane 0.45  0.15  

Walking distance 1.20**  0.09  

Spatial mode 0.94*  -0.13  

adj.R2 0.785 

**. Correlation is very important variable. 

*. Correlation is important variable. 

By comparing the results of each factor, it is found that each functional facility has 

an important influence on the congestion imbalance degree. Only the depth and the 

betweenness degree have an important influence on the walking congestion of each 

street. In the traffic service, the road grade and the motor vehicle way width are not in 

the traffic service influences. 

4. The street sensitivity (Model 4) 

In Model 4, a total of six principal component factors were obtained. The 

Cumulative X Variance of the independent variable was 24.1%, and the Cumulative Y 

Variance (R-square) of the dependent variable was 94%. The cumulative fit of the 

model 4 (adjusted R-square) is 81.9%. 

Table 6.9 Variable Importance in the Projection (VIP) and weights of Model 4 

 
Variables VIP Weights 

Functional structure Commercial facilities 1.32**  0.51  

Business facilities 0.60  -0.08  

Residence facilities 0.98*  -0.24  

Public service facilities 1.15**  0.30  

Utility 1.19**  0.59  
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Green space facilities 0.76  0.19  

Transit facilities 1.55**  -0.88  

Facilities type 0.00  0.00  

Job-housing balance 1.46**  -0.57  

Street form Depth 2.95**  1.36  

Connect 1.41**  0.57  

Control 0.79  0.07  

Integration 1.06**  0.31  

Betweenness 1.27**  0.56  

Traffic service Road hierarchy 1.06**  -0.16  

Width of sidewalk 0.89*  -0.28  

Width of motor lane 1.07**  -0.17  

Walking distance 2.58**  0.96  

Spatial mode 1.86**  -0.89  

adj.R2 0.819 

**. Correlation is very important variable. 

*. Correlation is important variable. 

By comparing the importance and weight values of various factors, it is found that 

the three aspects of functional facilities, street form and traffic service have a relatively 

balanced impact on street sensitivity, and most of the indicators of the three have 

significant effects. Among them, street depth and walking distance have the greatest 

positive impact, which means they are more sensitive to the streets further away from 

the station. 

6.3 Walking Service Efficiency Characteristics and Impact 

Differences of Three Spatial Modes  

From the above analysis, it can be seen that the mode of spatial organization has an 

important impact on the walking service efficiency indexes. In order to analyse whether 

the specific relationship between spatial organization and walking service efficiency in 

different modes, this section will be based on three types of spatial 

modes—Node-based, Circle-based, and Corridor-based pattern — for discussion. 
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6.3.1 Difference analysis of walking service efficiency 

In order to analyse the differences between different modes, it is firstly necessary 

to select the difference test method. Commonly used differential significance tests 

mainly include the T-test and the Analysis of Variance (ANOVA). Since the T-test is 

mainly used for analysis between two sets of data, and this study includes multiple sets 

of data, the ANOVA method is finally used. Before the analysis, a feasibility test is 

required. The variables involved in the comparison include walking speed, pedestrian 

volume, street congestion, and spatial sensitivity. Through the test of variance 

homogeneity, it can be seen that the Sig. values of each variable between different 

modes are greater than 0.05, which proves the homogeneity of variance of different 

groups, and can be further analysed by variance. 

Table 6.10 Test of Homogeneity of Variances 

  Levene Statistic df1 df2 Sig. 

Walking speed 0.411 2 255 .663 

Pedestrian volume 1.629 2 211 .199 

Congestion imbalance 2.272 2 245 .105 

Street sensitivity 2.334 2 254 .099 

After the one-way ANOVA test, the differences between each groups were tested. 

It was found that there were significant differences in pedestrian volume and street 

congestion in different spatial modes. Among them, the congestion degree of the 

Node-based pattern and the Corridor-based pattern and the number of pedestrians were 

significantly different at the 0.05 and 0.1 levels. The number of walking in the 

Corridor-based mode and the other two modes were significantly different at the 0.05 

and 0.1 levels. 

Table 6.11 Multiple Comparisons between each two stations 

Dependent Variable Mode Mode Sig. Dependent Variable Mode Mode Sig. 

walking speed 

  

  

  

  

1 2 0.173  pedestrian volume 

  

  

  

  

1 2 0.759  

3 0.958  3 0.079*  

2 1 0.173  2 1 0.759  

3 0.227  3 0.049**  

3 1 0.958  3 1 0.079*  
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  2 0.227    2 0.049**  

congestion imbanlance 

  

  

  

  

  

1 2 0.045**  street sensitivity 

  

  

  

  

  

1 2 0.219  

3 0.214  3 0.436  

2 1 0.045**  2 1 0.219  

3 0.491  3 0.689  

3 1 0.214  3 1 0.436  

2 0.491  2 0.689  

** means the difference is significant at the 0.05 level. 

*means the difference is significant at the 0.1 level. 

The results show that although there are significant differences in pedestrian 

volume between the three modes, the difference between the congestion is different: the 

Node-based and Circle-based mode has the same pedestrian volume but their 

congestion degree is different, while the Node-based and Corridor-based mode has the 

different pedestrian volume but the congestion degree is the same. It indicates that the 

pedestrian evacuation ability of the Circle-based mode is better. The pedestrians can 

evenly distribute on each street. But in Corridor-based stations, the evacuation ability is 

poor which easily leads to street crowding. 

For speed and sensitive aspects, the Node-based and the Corridor-based stations 

are better. Because in these two modes, the pedestrian volume and congestion degree 

are high, but the pedestrian walking speed and street sensitivity are low as in the 

Circle-based mode. It can be speculated that the pedestrian flow capacity of these two 

modes and the spatial adaptability to changes in pedestrian volume are better. 

6.3.2 Characteristics of Node-based stations 

It can be seen from the above analysis that there is a difference in the walking 

service efficiency between the three modes. Correlation analysis of three Node-based 

stations (Shopping park station, Gangxia station, and Minzhi station) found that 

pedestrian volume, spatial congestion and sensitivity are related to spatial 

organization， while the walking speed was not. In terms of spatial function, the 

relationship between spatial factors and pedestrian flow is weak. Only commercial, 

public services and transportation facilities are related to the volume and congestion of 
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pedestrians. The street form and the traffic service are the more important factors. 

Table 6.12 Correlation coefficient of Node-based stations 

 Variables Walking 

speed 

Pedestrian 

volume 

Congestion 

imbalance 

Street 

sensitivity 

Functional 

structure 

Commercial  -.089 .338** .247* .055 

Business  -.008 .089 .091 .035 

Residence  .143 -.029 .004 .042 

Public service  -.034 .218* .200* .080 

Utility .100 -.103 -.110 -.026 

Green space  - - - - 

Transit  -.082 .217* .138 .002 

Facilities type .203 .145 .014 .131 

Job-housing 

balance 

-.021 .112 -.244* -.156 

Street form Depth -.094 .386** .439** .278** 

Connect .008 .326** .330** .108 

Control .050 .149 .153 -.007 

Integration .036 .326** .339** .132 

Betweenness -.188 .607** .655** .614** 

Traffic service Road hierarchy .117 -.350** -.450** -.156 

Width of 

sidewalk 

-.004 -.061 -.209* -.088 

Width of motor 

lane 

-.041 .253* .147 -.039 

Walking distance -.007 -.222* -.238* -.176 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

PLS regression was performed on the Node-based stations, and the results are 

shown in the following table. 

Table 6.13 PLS regression results of Node-based stations 

 
 Walking speed Pedestrian 

volume 

Congestion 

imbalance 

Street sensitivity 

 
 

VIP 
Weig

hts 
VIP 

Weig

hts 
VIP 

Weight

s 
VIP 

Weight

s 

Functional 

structure 

Commercial  1.108* -.375 1.059* .009 .682 .455 .716 -.436 

Business  .673 .056 1.373* -.569 .634 -.082 .777 -.868 

Residence  2.382** .407 .484 .013 .816 .136 .440 -.273 

Public 

service  

.579 -.272 .936 .318 .731 .237 .532 .272 

Utility 1.554* .202 1.019* .031 .520 .199 .507 -.119 

Green space  1.268* -.355 .360 -.059 1.274* .874 .508 -.093 

Transit  .680 .069 .743 .249 1.681* .039 .642 .103 
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Type .605 .026 .758 -.233 .670 .178 .528 .015 

Job-housing 

balance 

.940 .258 .906 .440 1.017* -.341 .704 .318 

Street form Depth 1.048* -.306 1.195* .385 .636 -.102 .983 .040 

Connect .915 -.038 1.003* -.072 1.251* -.119 .777 .017 

Control 1.061* -.365 .628 .205 1.554* -.013 .645 -.009 

Integration 1.521* .276 1.044* -.063 1.120* .048 .788 .324 

Betweenness 1.565* -.434 2.365** -.111 1.147* -.045 3.935** .060 

Traffic 

service 

Road 

hierarchy 

1.235* .198 1.124* .336 1.657* .153 .582 .122 

Width of 

sidewalk 

.081 .017 .664 -.366 .414 -.008 .679 -.503 

Width of 

motor lane 

.605 .226 .705 -.032 .667 .140 .682 .350 

Walking 

distance 

1.271* -.503 .988 .151 1.823* -.247 .699 -.006 

Adj. R2  .092 .398 .183 .686 

**. Correlation is very important variable. 

*. Correlation is important variable. 

Through regression analysis, it is found that the spatial organization elements in 

the Node-based pattern station have higher predictive ability for street sensitivity (Adj, 

R2=0.686), and the ability to predict speed is low (Adj. R2=0.092). It shows that the 

spatial organization in the Node-based station has a great influence on the spatial 

sensitivity. When the number of people changes, the pedestrian density of each street 

changes greatly, but this influence has not yet involved the walking speed of 

pedestrians. 

The betweenness in the Node-based mode stations is the most important factor 

affecting the pedestrian walking service efficiency, while in other modes it plays a 

small role. It indicates that the most important spatial element in the Node-based station 

is the intermediation of the street, that is, the number of passes. Larger traffic on these 

streets can have a greater impact on pedestrian size and sensitivity. 

6.3.3 Characteristics of Circle-based stations 

Correlation analysis of three circle diffusion mode stations (Lingzhi station, 

Baishilong station, and Shenzhen university station) found that the walking speed was 
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only weakly related to the spatial organization mode and only related to the width of the 

sidewalk. The relationship between function and pedestrian flow efficiency is weak. 

Only commercial facilities are related to the pedestrian volume. The correlation of 

betweenness in the street form is weakened, and the relationship between depth and 

control is enhanced. The correlation of walking distance in traffic service increases, 

indicating that the flow efficiency shows a certain regularity in spatial distribution, and 

the area farther away from the station is more regular. 

Table 6.14 Correlation coefficient of Circle-based stations 

 Variables Walking 

speed 

Pedestrian 

volume 

Congestion 

imbalance 

Street 

sensitivity 

Functional 

structure 

Commercial  .131 .233* .203 .145 

Business  -.085 -.044 -.018 -.071 

Residence  .102 -.066 -.149 .055 

Public service  .030 .136 -.051 .072 

Utility .037 .213 -.026 .040 

Green space  - - - - 

Transit  -.156 .137 -.021 .112 

Facilities type -.022 -.045 .188 .235 

Job-housing 

balance 

-.003 .063 .021 -.403** 

Street form Depth -.029 .585** .434** .329** 

Connect -.035 .455** .422** .213 

Control -.025 .227* .213 .053 

Integration -.024 .400** .390** .273* 

Betweenness -.057 .424** .353** .362** 

Traffic service Road hierarchy -.042 -.252* -.268* -.123 

Width of 

sidewalk 

.254* .129 -.089 .215 

Width of motor 

lane 

.200 .181 -.021 .123 

Walking distance .153 -.554** -.494** -.366** 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

-. Cannot be computed because at least one of the variables is constant. 

PLS regression was performed on the Circle-based stations, and the results are 

shown in the following table. 

Table 6.15 PLS regression results of Circle-based stations 

 
 Walking speed Pedestrian 

volume 

Congestion 

imbalance 

Street sensitivity 
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VIP 
Weig

hts 
VIP 

Weigh

ts 
VIP 

Weigh

ts 
VIP 

Weigh

ts 

Functional 

structure 

Commercial  1.276* .147 .918 -.418 1.018* -.052 .731 .177 

Business  .983 .026 .867 .533 .646 -.177 .534 .029 

Residence  .442 -.168 .299 -.134 .623 .579 .985 .068 

Public 

service  

.300 -.227 1.004* -.370 1.402* .057 1.001* -.400 

Utility 1.433* -.575 1.170* -.008 .737 -.296 .259 .259 

Green space  .490 .303 .672 .073 .711 -.400 .579 -.272 

Transit  1.984* -.355 .524 -.219 .418 .149 .594 .112 

Type 1.259* .337 .399 -.052 1.079* -.347 .427 -.282 

Job-housing 

balance 

1.170* .494 .483 -.470 .321 .150 .775 .237 

Street form Depth .402 -.281 1.306* .390 1.127* .387 1.420* .350 

Connect .503 -.269 1.122* .011 1.116* -.401 1.145* -.346 

Control .486 -.093 .914 .553 1.091* -.215 1.078* -.239 

Integration .509 -.066 1.150* -.287 1.000* .347 1.239* .367 

Betweenness .446 -.194 1.552* -.252 2.501*

* 

.181 1.830* -.093 

Traffic 

service 

Road 

hierarchy 

.386 .201 .573 .300 .884 .055 1.037* .425 

Width of 

sidewalk 

1.780* -.037 .851 .006 .725 .036 1.229* .557 

Width of 

motor lane 

1.444* -.210 1.148* .384 .655 .232 .720 .313 

Walking 

distance 

1.506* .676 2.281** -.234 1.046* .354 1.687* .130 

Adj. R2  .229 .494 .314 .241  

**. Correlation is very important variable. 

*. Correlation is important variable. 

The regression results show that the spatial organization elements in the 

Circle-based stations have higher predictive ability for pedestrian volume on each street 

(Adj R2=0.494), indicating that the spatial organization in the circle mode has a greater 

impact on the number of pedestrians in each street. The impact on walking speed, street 

sensitivity and congestion is relatively small. 

The traffic facilities and sidewalk widths in the Circle-based stations are the most 

influential factors for walking, indicating that the greater the width of the sidewalk, the 

less traffic facilities (bus stops and parking lots) and the smoother pedestrian walks. 

Walking distance has the greatest impact on spatial sensitivity, and it is negative impact. 
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It shows that the distance characteristic of walking is more obvious. The farther away 

from the station, the smoother, and pedestrian number is smaller, and the street 

pedestrian service level is lower. The betweenness is the most influential indicator of 

spatial congestion, which is consistent with the Node-based stations. 

6.3.4 Characteristics of Corridor-based stations 

Correlation analysis of three Corridor-based stations (Window of the World 

Station, Sea world Station, Tanglang Station) found that the correlation between spatial 

organization and pedestrian volume and street sensitivity decreased. The correlation 

between walking speed and betweenness and road level has risen. In terms of function, 

beside the impact of transportation facilities on walking congestion, other types of 

facilities are no longer relevant to walking service efficiency. In terms of street form, 

the correlation of betweenness is reduced, which indicates the relationship between the 

passing number of the street and the walking service efficiency is weakened. The 

correlation between traffic service and walking service efficiency has also declined. 

Table 6.16 Correlation coefficient of Corridor -based stations 

 Variables Walking 

speed 

Pedestrian 

volume 

Congestion 

imbalance 

Street 

sensitivity 

Functional 

structure 

Commercial  -.142 .222 .115 .020 

Business  .007 -.170 -.069 .091 

Residence  .049 -.067 -.091 .058 

Public service  -.121 .122 .054 .113 

Utility -.051 -.033 -.158 .190 

Green space  -.304 -.085 .198 -.161 

Transit  .188 .235 .602** -.022 

Facilities type -.104 -.035 .096 .316* 

Job-housing 

balance 

-.097 .101 .037 .302* 

Street form Depth .096 .316** .432** -.104 

Connect .037 .302** .257* -.097 

Control -.051 .234* -.039 -.148 

Integration .056 .307** .274* -.146 

Betweenness -.239* .394** .361** .088 

Traffic service Road hierarchy -.231* .000 -.054 -.174 

Width of -.044 -.011 -.294* -.072 
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sidewalk 

Width of motor 

lane 

.027 .140 -.106 .001 

Walking distance .021 -.403** -.475** -.003 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

-. Cannot be computed because at least one of the variables is constant. 

PLS regression was performed on the Corridor-based stations, and the results are 

shown in the following table. 

Table 6.17 PLS regression results of Corridor-based stations 

 
 Walking speed Pedestrian 

volume 

Congestion 

imbalance 

Street sensitivity 

 
 

VIP 
Weig

hts 
VIP 

Weig

hts 
VIP 

Wei

ghts 
VIP 

Weight

s 

Functional 

structure 

Commercial  1.137* .162 .916 .057 0.822 .433 1.195* -.356 

Business  .477 -.507 1.435* -.036 1.271* .183 1.172* .238 

Residence  .463 -.066 .688 .284 .998 -.017 .805 -.201 

Public 

service  

.998 .140 0.788 -.441 1.133* -.325 1.172* .237 

Utility .849 .287 0.563 .351 0.445 .197 1.501* .660 

Green space  1.236 .053 .586 .288 .995 -.194 1.738* -.074 

Transit  1.404* .039 .858 -.113 0.462 .149 .640 -.302 

Type .909 .071 .467 .109 2.768** .357 1.522* .430 

Job-housing 

balance 

.173 -.172 1.087* .372 1.150* .425 .867 -.201 

Street form Depth .779 -.218 0.938 .154 1.6558 -.601 0.946 -.352 

Connect .368 -.228 1.156* -.465 .765 .130 1.250* .438 

Control .572 -.019 1.242 .403 .993 -.110 1.186* .345 

Integration .449 -.211 0.995 -.007 .651 .042 1.090* -.173 

Betweenness 2.448** -.307 1.854* .054 .642 -.096 1.005* -.461 

Traffic 

service 

Road 

hierarchy 

2.247** -.819 .607 .130 1.207* -.475 1.800* -.142 

Width of 

sidewalk 

.927 -.012 1.137* -.747 0.679 -.352 0.929 -.227 

Width of 

motor lane 

.490 .243 1.402* .789 0.723 -.401 .230 -.125 

Walking 

distance 

.211 .148 1.710* -.329 0.656 -.170 0.486 -.185 

Adj. R2  .259 .305 .119  .149  

**. Correlation is very important variable. 

*. Correlation is important variable. 

The regression results show that the spatial organization elements in the 

(continued) 
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Corridor-based stations have a smaller impact on the walking service efficiency, which 

is the weakest effect among the three modes. The forecasting ability of the pedestrian 

size on the street is relatively high (Adj R2=0.305), while the impact on walking speed, 

street sensitivity and congestion is small. 

The influence of the road grade in the Corridor-based stations begins to appear, 

indicating that the walking service efficiency on the different grades (main roads and 

secondary roads) is significantly different. In addition, the impact of the type of 

facilities on the spatial congestion is also significant. The more crowded the streets, the 

higher the congestion, indicating that the effect of functional diversity on the 

distribution of people is only reflected in the Corridor-based stations. 

6.4 Influence of the Function on the Walking Service Efficiency 

The spatial functional structure mainly includes two aspects - intensity and 

distribution. The type and scale of facilities determine the characteristics of pedestrian 

traffic flow to some extent. The following is a discussion of the spatial structure and 

their relationships of three main facilities in commercial, residential and office 

buildings. It was found that within a certain number of people, the increase in density 

would stimulate the pedestrian walking speed until the density increased to a certain 

level, then resulting in a slower per capita walking speed. 

6.4.1 Commerce and walking service efficiency 

1. Spatial distribution characteristics 

The figure shows the distribution characteristics of the commercial facilities 

around the nine stations. As can be seen from the figure, the commercial facilities of 

most stations are concentrated around the station. In some low density station areas, 

commercial facilities are distributed evenly. For example, in the shopping park and the 

Window of the World, the commercial facilities are mainly concentrated in the 

neighbourhood near the station, which is also the block where the shopping mall is 

located. At stations such as the People's Governance and Ganoderma Lucidum, 
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commercial facilities are mostly distributed along the streets. In Gangxia and Sea 

World Station, commercial facilities contain both internal distribution and scattered 

along some streets. In the Tanglang station, which is currently under construction, the 

shopping malls and high-density residences in the nearby neighbourhoods are in the 

construction stage. Therefore, the density of commercial facilities in the adjacent areas 

is small, and the development intensity around the stations is low. 

 

      

Shopping park                 Gangxia                     Minzhi       

     

            Lingzhi                     Baishilong                  Shenzhen university 

        

Window of the world             Sea world                     Tanglang 

Figure 6.1 Commercial facilities distribution in each station area 
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2. Correlation between commercial type and walking service efficiency 

From the correlation coefficient, the correlation between the commercial facilities 

and the congestion level and the pedestrian volume is significant. The density of 

facilities is also significantly related to the distance from the station and the spatial 

pattern of the station. It indicated that the density of commercial facilities decreases 

with distance and it is most pronounced in the axial mode. Most types of commercial 

facilities are significantly negatively correlated with spatial modes. Among them, 

catering, small shopping and living facilities have a greater impact on walking service 

efficiency. This shows that daily facilities such as catering, shopping and living have 

the most significant impact on walking service efficiency. The higher the density of 

such facilities, the higher the number of pedestrians and congestion around the station. 

The correlation coefficient between commercial facilities and walking service 

efficiency is shown below. 

Table 6.18 Correlation coefficient between commercial facilities and walking service efficiency 

Commercial 

type 
Size 

walking 

Speed 

Pedestria

n volume 

Congestion 

imbalance 

Street 

Sensitivity 

Walking 

distance 

Spatial 

modes 

Overall 

Commercial 

facilities 

- -.043 .311** .196** 0.07 -.303** -.236** 

Restaurant 
small -.073 .264** .171* 0.12 -.348** -.445** 

medium -.111 .274** .215** -0.02 -.331** -.080 

Shopping 

small -.007 .248** .171** 0.04 -.245** -.247** 

medium .091 0.12 0.13 -0.01 -.193* -.069 

large .072 0.11 -0.02 -0.06 -.045 -.139 

Financial 

Insurance 

small -.095 0.11 0.04 0.01 -.077 -.338** 

medium -.033 -0.02 -0.10 -0.09 -.084 -.300** 

Daily service 

small .005 .209** .128* 0.07 -.109 -.277** 

medium -.041 .127* 0.11 0.08 -.277** -.296** 

large -.034 0.16 0.06 0.03 -.073 -.380** 

Hotel 

small -.046 0.18 -0.05 0.01 -.277* -.477** 

medium -.080 0.11 0.03 0.15 -.258* -.211* 

large .012 0.10 0.01 -0.02 -.232* .170 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

3. The impact of commercial density change on walking service efficiency 

Multiple simulations were performed on different commercial intensity (true 

values, 1.2 times, 1.4 times, 1.6 times) by Anylogic software. Under the premise of 



 

 180 

ensuring other conditions are the same, the average values and their changes of walking 

service efficiency indicators (speed, volume, spatial congestion and sensitivity) under 

different intensities can be obtained. 

Table 6.19 Value of walking service efficiency under different Commercial density 

 True density values 1.2 times 1.4 times 1.6 times 

Walking speed(m/s) 1.193 1.191 1.191 1.190 

Pedestrian volume(person/hr) 360.642 407.060 459.218 504.600 

Congestion imbalance 2.362 2.708c 3.350 3.939 

Spatial sensitivity - 14.915 2.204 1.111 

It can be seen from the figure that the indicators related to the number of 

pedestrians (pedestrian volume and congestion imbalance) increase linearly with the 

increase of the density. However, the changes in time-related indicators (walking speed 

and spatial sensitivity) showed a non-linear trend decline. 

6.4.2 Business and walking service efficiency 

1. Spatial distribution characteristics 
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Figure 6.2 The changing trend of walking service efficiency 
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The figure shows the distribution of business facilities in the nine stations. From 

the perspective of overall facility distribution, office buildings are mainly concentrated 

in neighbourhoods closer to the main roads, but the situation of each station is slightly 

different. For example, in Minzhi Station and Sea world Station, business buildings are 

evenly distributed throughout the station, while in Lingzhi Station, Baishilong Station 

and Shopping Park Station, they are gathered in a block far from the station. It is 

reasonable to suggest that the location of the subway station has a weak impact on the 

distribution of office facilities than the commercial facilities. 

      

Shopping park                 Gangxia                     Minzhi       

       

   Lingzhi                  Baishilong         Shenzhen university 

          

Window of the world               Sea world                     Tanglang 

Figure 6.3 Business facilities distribution in each station area 
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2. Correlation between business type and walking service efficiency 

Overall, office facilities are significantly associated with pedestrian density and 

are significantly related to walking distance and station type. The impact of small 

companies and commercial office buildings is particularly evident. The more 

companies and business towers, the greater the number of pedestrians. And there are 

more office facilities in the area far away from the station. 

Table 6.20 Correlation coefficient between business facilities and walking service efficiency 

Function type 
walking 

Speed 

Pedestrian 

volume 

Congestion 

imbalance 

Street 

Sensitivity 

Walking 

distance 

Spatial 

modes 

Overall Business facilities -.029 .149* 0.054 0.058 -.176** -.299** 

Small company -.017 .175** .033 .035 .703 -.231 

Large enterprise -.146 -.043 -.002 .033 -.209* -.215* 

Business tower .048 .336** .150 .016 -.160 .017 

Serviced Apartment .263 -.152 .019 -.085 -.128 -.166** 

Factory -.056 .025 .027 .071 -.215** -.330** 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

3. The impact of business density change on walking service efficiency 

Multiple simulations were performed on different commercial intensity (true 

values, 1.2 times, 1.4 times, 1.6 times) by Anylogic software. Under the premise of 

ensuring other conditions are the same, the average values and their changes of walking 

service efficiency indicators (speed, volume, spatial congestion and sensitivity) under 

different intensities are as follows. 

Table 6.21 Value of walking service efficiency under different business density 

 True density values 1.2 times 1.4 times 1.6 times 

Walking speed(m/s) 1.193  1.193  1.192  1.192  

Pedestrian volume(person/hr) 360.642  382.044  404.682  425.948  

Congestion imbalance 2.362  2.503  2.645  2.780  

Spatial sensitivity - 2.646  1.303  0.908  
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As can be seen from the figure, similar to the commercial function, as the office 

density increases, the number of pedestrians and space congestion increases linearly, 

while the street sensitivity and walking speed are gradually reduced. It indicated that 

the greater the density of facilities, the greater the number of pedestrians passing, and 

the smaller the change in walking time required, the more stable the distribution of 

human flow in space. 

6.4.3 Residence and walking service efficiency 

1. Spatial distribution characteristics 

The figure shows the distribution of residential facilities in the nine stations. 

Compared with commercial and business facilities, the distribution of residential 

facilities is far away from the station and has no correlation with the distance between 

stations. Most of them are distributed dispersedly. 

2. Correlation between residential type and walking service efficiency 

Based on the correlation coefficient, the relationship between residential facilities 

and walking service efficiency is weak. It is only related to walking speed and the 

spatial mode of the station.  Corridor-based stations have the lowest density of 

residential facilities, while compact Node-based stations have the highest density. The 
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Figure 6.4 The changing trend of walking service efficiency 
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main effect comes from the small-scale residential buildings, which include mid-rise 

residential buildings as well as high-rise residential buildings. Since most residential 

communities are split and marked by POI, the statistics of residential communities is 

low in number and the association with walking is not obvious. 

Table 6.22 Correlation coefficient between Residential facilities and walking service efficiency 

Residential type 
walking 

Speed 

Pedestrian 

volume 

Congestion 

imbalance 

Street 

Sensitivity 

Walking 

distance 

Spatial 

modes 

Overall Residential 

facilities 

.148* .010 .041 .061 .110 -.251** 

      

Shopping park                 Gangxia                     Minzhi       

       

         Lingzhi                      Baishilong                  Shenzhen university 

              

Window of the world                    Sea world                Tanglang 

Figure 6.5 Residential facilities distribution in each station area 
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Residential buildings .185* -.017 .015 .036 .021 -.330** 

Residential communities .138 -.081 -.173 -.029 -.082 -.165 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

3. The impact of residential density change on walking service efficiency 

Multiple simulations were performed on buildings of different commercial 

intensity (true values, 1.2 times, 1.4 times, 1.6 times) by Anylogic software. Under the 

premise of ensuring other conditions are the same, the average values and their changes 

of walking service efficiency indicators (speed, volume, spatial congestion and 

sensitivity) under different intensities are as follow. 

Table 6.23 Value of walking service efficiency under different Residential density 

 True density values 1.2 times 1.4 times 1.6 times 

Walking speed(m/s) 1.193  1.193  1.191  1.193  

Pedestrian volume(person/hr) 360.642  369.165  378.052  386.548  

Congestion imbalance 2.362  2.434  2.502  2.561  

Spatial sensitivity - 3.303  1.510  1.628  

The chart shows that the changing of pedestrian volume and congestion is similar 

to that of business and office, but changing of walking speed and street sensitivity are 

different from the other two functions (commercial and business function). The 

walking speed is firstly decreased and then increased, while the sensitivity rises first 
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Figure 6.6 The changing trend of walking service efficiency 
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and then decreases as the density growth.  

6.5 Influence of the Street Configuration on the Walking Service 

Efficiency 

At the same facilities density, the organization of street and traffic may make a 

difference in pedestrian flow. In order to compare and discuss the specific influence, 

this section obtains the pedestrian flow on each street by simulation which under the 

condition of controlling facilities density, and then discusses the correlation from the 

simulation and regression results. 

6.5.1 Characteristics of street pattern 

When drawing the axial map of the street in the space, the road cannot be entered 

all. If all of the roads are drawn in the map, there will be a phenomenon that the branch 

road network is too developed and would made the result biased. Therefore, in this 

study, only the primary and secondary roads are selected and entered into the axial map 

according to the real states. The main road is set as value 1, and the secondary road is 

set as value 0. 

The figure shows the distribution of the axis street network of the 9 stations. It can 

be obviously seen that there is uniform grids in the Node-based and Circle-based mode 

stations, while irregular networks dominated by a tree axis in the Corridor-based mode 

stations (Window of the world, Sea world and Tanglang). 
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The axis with higher integration is the street directly connected to the station at 

Minzhi Station, Shopping Park Station and Lingzhi Station. The integration value of 

the Corridor-based station - Sea World Station and the Tanglang Station Street - is 

relatively low. On the whole, most of the target stations are located in the area with high 

integration value. Because the research scope is selected the station as the centre. 

However, there are also some exception stations, such as the Mintang Roads where the 

Baishilong station is located. It is the arterial traffic road instead of the primary or high 

   

Shopping park                        Gangxia                            Minzhi 

      

Lingzhi                      Baishilong               Shenzhen university 

            

Window of the world                Sea world                        Tanglang 

Figure 6.7 Axis map of each station area 
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integrated urban street. Although it is connected to the highly integrated street, its 

degree of control in the network system is low. 

Table 6.24 Descriptive statistics of street form value 

 Average Min. Max. Std. D N 

Depth 23.757  8.000  53.000  8.611  253  

Connect 4.713  2.000  11.000  1.708  253 

Control 1.040  0.282  2.076  0.329  253 

Integration 2.475  1.149  4.126  0.576  253 

Betweenness 229.243  1.000  3248.000  395.733  253 

We firstly Z-standardize multiple variables in the street, and then compare these 

values. It is found in the Corridor-based station, most of the index values in each street 

is quite low, especially the integration index which is significantly lower than the other 

two mode stations. The Corridor-based mode stations are characterized by one main 

road as the artery and other streets are convergent, the connectivity of the streets is low 

except for the main road. It consistent with expectations and show the reliability of the 

calculation results. 

6.5.2 Walking service efficiency of different street configuration 

In order to control the influence from other variables, and to separately explore the 

specific effects of street patterns and combination patterns on walking service 

efficiency, it is necessary to control other elements of the station. Therefore, this section 
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Figure 6.8 Radar Diagram of street form indicators 

 



 

 189 

is based on the same number of pedestrians to control the density of each station. With 

the number of 2,000 pedestrians per hour in the real scenario and 7,000 pedestrians per 

hour in the peak scene, the density of these nine stations can be almost the same. The 

results of walking service efficiency can be extracted from the simulation. Finally, the 

correlation model between street and walking service efficiency is established. 

Table 6.25 Descriptive statistics of walking service efficiency 
 

average max. min. std. 

Speed 1.1968  1.2917  1.0266  0.0302  

Pedestrian volume 116.1791  886.2933  0.0000  146.4227  

Congestion imbalance -0.0144  7.7445  -1.0000  1.2673  

Street sensitivity 1.1200  39.0424  0.0000  3.9103  

In order to construct the impact model of street configuration on the walking 

service efficiency, the stepwise linear regression is chosen. At last, there are two 

models are successfully set up - pedestrian volume model (Adjusted R Square=0.204) 

and congestion imbalance model (Adjusted R Square=0.244). The relationship between 

the walking speed model and the street sensitivity model which related to the time 

indicators is not statistically significant. After testing the correlation model between 

walking time and street configuration, the results show that the regression coefficient is 

only 0.2. It indicated that the street organization has a strong correlation with the 

number of pedestrians, but is weakly associated with pedestrian walking time. 

Table 6.26 Standardized Coefficients of Pedestrian Volume model 

 
Beta Sig. VIF 

(Constant)   .036   

Betweenness .280 .000 1.198 

Depth .297 .000 1.349 

Spatial mode .161 .008 1.148 

In the Pedestrian Volume model, only the three indicators of Betweenness, Depth 

and Spatial Mode enter the model. In other words, these three factors are the key that 

have the greatest impact on the number of people of each street. 

Table 6.27 Standardized Coefficients of Congestion Imbalance model 

  Beta Sig. VIF 

(Constant)   .000   

Depth .279 .000 1.402 

Betweenness .245 .000 1.198 
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Pavement level -.340 .000 2.027 

Spatial mode .167 .005 1.165 

Roadway level .196 .015 2.090 

In the Congestion Imbalance model, five variables were successfully entered. Of 

all the five variables, in both models, Spatial Mode has a significant impact. In other 

words, when the density of pedestrian is the same, the average number of streets and the 

spatial congestion in the Corridor-based mode is the highest. 

These results show that the topological indicators of Depth and Betweenness have 

a high impact on the pedestrian flow. In Space Syntax and Urban Planning (Duan, 

2007), it has been observed that the Local Integration index can be used as a predictor 

of pedestrian flow, and the accuracy can exceed 80%, but the predictability of other 

indicators is weak, such as Connectivity and Control. There is no satisfactory answer 

and explanation. It may be because that the urban structure identified by the spatial 

syntax is not only a simple spatial model, but it may also have a systemic relationship 

with transportation and land use. In this study, the influence of topological Depth and 

Betweenness is about 10%-30% which far less than the previous results.  

Due to the research scope, the spatial form is simple because only a few number of 

streets are around the subway station. Streets with high density of facilities and streets 

with topologically high integration may not coincide due to station planning or 

development process. Therefore, the predicted accuracy of morphological elements on 

the pedestrian flow distribution is limited. 

6.6 Summary 

This chapter shows that the walking service efficiency is related to the spatial 

organization at multiple levels. In general, spatial organization has the greatest 

relationship with the number of people and the degree of congestion, and has little 

relationship with street sensitivity and pedestrian walking speed. Among the spatial 

organization factors, traffic service (road hierarchy, sidewalk grade, roadway grade, 

walking distance and spatial organization mode) has the greatest impact on the 

(continued) 
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efficiency of walking service. The second effect comes from the street form (depth, 

connectivity, control, integration, intermediary). The last effect is the influence of the 

functional structure (the land use function, density and diversity). 

In addition, the paper also finds that the spatial organization mode plays an 

important role in the walking services efficiency. The comparison results show that the 

Node-based mode stations have better traffic capacity, the Corridor-based mode 

stations have better spatial adaptability to pedestrian size change, and the Circle-based 

mode stations have better congestion distribution of pedestrians. In the Node-based 

mode stations, the Betweenness value of each street is the most important factor 

affecting the pedestrian walking service efficiency. The spatial organization has a great 

influence on the walking space sensitivity and the number of pedestrians on the street. 

In the Circle-based mode stations, traffic facilities and sidewalk levels are the most 

influential factors for pedestrian walking speed, and spatial organization has a greater 

impact on the number of pedestrians and congestion in each street. In the 

Corridor-based mode stations, the influence of functional structure and traffic service is 

no longer obvious. The Betweenness and road grade are the factors that have a greater 

impact. 

After comparing the effect of facilities density change on the walking services 

efficiency, it is found that density growth is not completely linear with walking service 

efficiency. The increase in the density of commercial, office and residential facilities 

will lead to an increase in the number of people with different level. However, the 

decline in per capita walking speed caused by crowding is not linear with the increase 

in density, but is significantly reduced when the density rises to a certain extent. 

Similarly, the change in street sensitivity is also significantly reduced in a certain 

degree of intensiveness, and then gradually stabilizes. 

After comparing the influence of street configuration on the walking service 

efficiency, it is found that the surrounding area of the subway station generally 

conforms to the “Natural Movement” in the Space Syntax, but the correlation between 

the pedestrian flow and the street organization is weaker than that of the city area. Street 

patterns and traffic services are strongly associated with the number of people, but 
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weakly related to pedestrian flow time. Among them, sidewalk grade, street 

betweenness and depth are important factors for effecting the walking services 

efficiency. 
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7. Chapter 7 SUMMARY AND 

CONCLUSIONS 

7.1 Discussion 

7.1.1 Spatial organization impact on walking service efficiency 

Table 7.1 Correlation coefficient between variables 

Walking speed
Pedestrian 

volume

Congestion 

imbalance
Street sensitivity

Commercial 

facilities
0.311 0.196

Business 

facilities

Residence 

facilities
0.148

Public service 

facilities
0.2

Green space 

facilities
-0.405

Transit 

facilities
0.216 0.188

Facilities type 0.128

job-housing 

balance
0.179

Depth 0.342 0.372 0.165

Connect 0.306 0.309

Control 0.159

Integration 0.305 0.303

Betweenness 0.633 0.655 0.614

Road hierarchy -0.171 -0.229 -0.301 -0.129

Width of 

sidewalk
-0.191

Width of motor 

lane
0.193

walking 

idstance
-0.326 -0.341 -0.135

Traffic 

organization

Street form

Functional 

structure

 

According to the above analysis, the traffic service (road hierarchy, sidewalk 

grade, roadway grade, walking distance and spatial mode) has the greatest impact on 

walking service efficiency, of which 85% (17/20) factors have a significant impact. The 

influence of street morphology (depth, connectivity, control, integration, and 

betweenness) on walking service efficiency is second in impact. Overall, 80% (16/20) 

factors have a significant impact and 65% (13/20) factors have an important impact. 

The functional structure (each land use function, land diversity and job-housing 
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balance) has a final impact on walking service efficiency. A total of 70% (25/36) of 

factors have a significant impact on walking service efficiency, and 50% (18/36) factors 

have an important impact. Among the seven land use functions, commercial, public 

facilities and transportation facilities have a greater impact, while industrial, residential, 

green space, public services facilities have less impact on walking service efficiency. 

Most of the spatial function and form factors are positively associated with 

walking. Betweenness has the highest influence, which indicated the effectiveness of 

this characteristics. 

7.1.2 Impact characteristics among three spatial modes 

By comparing the three different spatial modes (namely Node-based, Circle-based 

and Corridor-based ) the most significant difference is the pedestrian volume. The 

reason is mainly due to the location of the stations: the Node-based compact stations are 

mostly located in the central area of the city, with more functional facilities and 

pedestrians, and the corresponding pedestrian number is large. In addition, the 

difference in congestion between the three modes is interesting: the pedestrian volume 

is the same as in Node-based and Circle-based stations, but the degree of congestion is 

different; the pedestrian volume is different in the Node-based and Corridor-based 

stations but the congestion degree is the same. It can be seen that although the number 

of pedestrians is different, it can have a significant impact on the efficiency of 

pedestrian traffic flow under different street patterns and traffic services. 

Node-based stations are more susceptible to street patterns and traffic service due 

to their high density and concentrated distribution. Among those variables, the street 

betweenness, that is, the pattern and organization of the surrounding streets is the most 

important factor affecting pedestrian walking service efficiency. The spatial 

organization elements have the greatest impact on the sensitivity, that is, on the streets 

with large betweenness, the increase in the number of pedestrians will significantly 

increase the street density. Therefore, it is necessary to design such streets to ease the 

flow of people during planning. 
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Due to the even distribution of functions, the street morphology has a great 

influence on the number of pedestrians in Circle-based mode streets. The streets with 

more public services and better connectivity have more pedestrians. The width of the 

sidewalk and the roadway are the most important factors affecting the pedestrian 

walking service efficiency. The wider sidewalk will significantly increase the 

pedestrian traffic efficiency. 

The spatial organization elements in Corridor-based stations have the weakest 

impact on walking service efficiency. The correlation between spatial organization, 

pedestrian volume and sensitivity has dropped significantly, but the impact on walking 

speed has increased. Pedestrian walking speed is affected on the main roads with more 

facilities and road grades. Therefore, in this mode, it is necessary to focus on the crowd 

flow phenomenon of the main roads, and control the commercial and public service 

facilities on the main roads to avoid the people gathering. 

7.1.3 Walking speed and street sensitivity in different scenarios 

From section 6.4, walking service efficiency of pedestrian volume and 

congestion imbalance shows a steady linear change, while walking speed and street 

sensitivity shows a fluctuant change trend between functional density change 

scenarios. Therefore in this section, these two aspects will be further discussed. 

1. Walking speed per capita 

In the previous study, it is generally believed that the increase in the number of 

pedestrians will result in a decrease in walking speed. In this study, it was found that the 

walking speed of almost all stations decreased with the density of commercial facilities. 

It consistent with previous results that all stations in different density have entered the 

   

Commercial density increase          Business density increase     Residential density increase 

 Figure 7.1 Walking speed change trends in three scenarios 
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range of crowded pedestrian flow. 

Table 7.2 Changes in walking speed with increasing commercial density 

Station name 

Commercial density change rate 

 

Ture 

value 
120% 140% 160% 

Baishilong 1.202  1.199  1.198  1.197  

Gangxia 1.198  1.198  1.198  1.197  

Shopping park 1.189  1.188  1.188  1.187  

Sea world 1.192  1.192  1.192  1.193  

Lingzhi 1.197  1.196  1.197  1.196  

Minzhi 1.192  1.191  1.191  1.191  

Shenzhen university 1.188  1.189  1.189  1.186  

Window of the world 1.188  1.192  1.190  1.188  

Tanglang 1.194  1.196  1.194  1.194  

For increasing the density of Business facilities, it also eventually leads to a 

decrease in walking speed per capita, but not as much as that of commerce. By 

comparing the trends of each station, it was found that walking speed of the Sea World 

station and Tanglang station did not decrease with the pedestrian number growth. The 

reason is that the original density of the two stations is low, and it has not reached 

saturation after adding certain facilities, and is still in a synergistic rising phase in the 

pedestrian flow-speed relationship. Other stations gradually become saturated as the 

density increases, and the available space begins to compress, so the walking speed 

decreases as the density increases. This is consistent with previous researchers of 

pedestrian flow and walking speed.  

Table 7.3 Changes in walking speed with increasing Business density 

Station name 

Business density change rate 

 

Ture 

value 
120% 140% 160% 

Baishilong 1.202 1.194 1.195 1.196 

Gangxia 1.198 1.198 1.196 1.194 

Shopping park 1.189 1.186 1.185 1.181 

Sea world 1.192 1.190 1.192 1.192 

Lingzhi 1.197 1.198 1.198 1.198 

Minzhi 1.192 1.190 1.190 1.188 

Shenzhen university 1.188 1.191 1.191 1.189 

Window of the world 1.188 1.186 1.185 1.185 

Tanglang 1.194 1.197 1.196 1.196 
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The Residential areas are slightly different from the others. The main 

representative stations are Lingzhi Station and Tanglang Station. Because of the small 

number of residential facilities in the two stations, the flow has not yet reached 

saturation even if the density has reached 160% of the true status. It is still in a free flow 

state around the station. Walking time decreases as the density of living increases. The 

other stations (Bai Shilong station, Shopping Park station, Minzhi station) have reached 

a saturation of 140% in original residential density, so the walking speed began to 

decline. Eventually, the overall walking speed dropped first and then rose. 

Table 7.4 Walking speed changes with increasing Residential density 

Station name 

Residential density change rate 

 

Ture 

value 
120% 140% 160% 

Baishilong 1.202  1.2011  1.1957  1.1985  

Gangxia 1.198  1.1983  1.1983  1.1978  

Shopping park 1.189  1.1878  1.1880  1.1896  

Sea world 1.192  1.1930  1.1930  1.1927  

Lingzhi 1.197  1.1965  1.1967  1.1971  

Minzhi 1.192  1.1924  1.1908  1.1920  

Shenzhen university 1.188  1.1896  1.1896  1.1895  

Window of the world 1.188  1.1902  1.1910  1.1901  

Tanglang 1.194  1.1951  1.1941  1.1944  

Overall, walking speed per capita is not always falling with pedestrian number 

growth. For most of the stations, increase of residential density will stimulate walking 

and improve the walking service efficiency by shortening the average time of 

reaching each destination. 

2. Spatial sensitivity of streets 

There is a nonlinear change trend of street sensitivity. It decreases significantly 

   
When commercial density increase    when business density increase   when residential density increase  

Figure 7.2 Spatial sensitivity change trends in three scenarios 
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with the density rising to 1.4 times. Using the Station-by-Station analysis in the 

commercial density increase scenario, it was found that the sample station that caused 

anomalous values in street sensitivity was in the Sea world station, especially in Fuwan 

Road, which is located between the commercial area and the residential area. Due to the 

large number of facilities in the commercial area, pedestrians who have to reach the 

farther away streets need to first cross the surrounding crowded areas. Compared with 

the original situation, although the number of pedestrians in the farther away areas does 

not increase significantly, it takes longer time to walk and is more sensitive to increases 

in numbers of people. 

Table 7.5 Street sensitivity of each station with increasing commercial density 

Station name 

Commercial density 

change rate 

 

100% 120% 140% 

Baishilong 1.854  3.442  1.702  

Gangxia 0.118  0.064  0.033  

Shopping park 2.983  0.355  0.649  

Sea world 9.199  0.781  0.398  

Lingzhi 0.131  0.252  0.154  

Minzhi 0.419  0.240  0.405  

Shenzhen university 0.616  0.509  0.611  

Window of the world 0.116  0.062  0.184  

Tanglang 4.265  0.161  0.206  

In the residential density increase scenario, the station with the greatest change is 

Baishilong Station. The streets with higher sensitivity value are located around the 

residential area, far from the station. This specifical area rise increases the overall 

value of spatial sensitivity. Due to the significant changes of dwelling density within 

these areas, the numbers of pedestrians soared in the high street, which affected the 

residential density of the street to fiercely fluctuate. 

Street sensitivity of each station with increasing Residential density 

Station name 

Residential density 

change rate 

 

100% 120% 140% 

Baishilong 11.445  7.769  7.170  

Gangxia 0.320  0.216  0.216  

Shopping park 0.911  1.469  1.596  

Sea world 10.711  1.010  1.010  

Lingzhi 3.687  0.113  0.739  
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Minzhi 0.460  0.432  0.520  

Shenzhen university 1.576  0.880  0.903  

Window of the world 0.469  0.790  1.758  

Tanglang 1.002  0.142  0.244  

Overall, the street sensitivity will decrease significantly as density increases until 

it becomes stable. This status is different depending on the facilities distribution. 

7.1.4 Relationship between street configuration and walking 

service efficiency 

Based on the "Natural Movement" of the Spatial Syntax Theory, the distribution 

pattern of walking movement in urban street networks is mainly determined by the 

configuration of the road network itself. A number of studies around the world have 

shown that about 60% of human traffic is related to the configuration characteristics of 

the road network (Duan Jin, Bill Hillier 2015). Because a healthy urban area will attract 

people and further form dense functional spaces. It can reach consistency in population 

size, land use density, and street network structure (Hillier, 1996). Therefore, the core 

of integration is often the core of function and flow of people. 

The results in Sention 6.5.2 show that under the same conditions of the pedestrian 

flow and facilities density, the street structure is still significantly related to the number 

of pedestrians, the spatial congestion and sensitivity, but not related to the walking 

speed. In terms of street pattern, a street with a higher level of topology network has 

more pedestrians, the higher congestion level and less sensitive level. Among these 

indexes, the correlation coefficient between the Betweenness indexes and Pedestrian 

Volume is the highest. The overall correlation with Control index is the lowest. 

In terms of traffic service indicators, only the width of the sidewalk has a 

significant impact on the crowding of pedestrians. The greater the width, the lower the 

congestion, which is consistent with the actual situation. The geometric walking 

distance index is also significantly correlated with the walking service efficiency, but 

the degree of correlation is not higher than the topological dimension. 

(continued) 
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Table 7.6 The correlation coefficient between street configuration and walking service efficiency 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

Therefore, it can be considered that the space around the subway station is 

basically in line with the "Natural Movement". Taking stations in Shenzhen as an 

example, the correlation is about 0.3 instead of 0.6. However, this result is lower than 

the correlation between the overall city and pedestrian flow, probably because the 

location of the entrance to the subway station is not located in the most integrated street. 

Since the main roads in some of the areas will have other functions, the station selection 

of subway stations will be changed to a secondary road, such as the Baishilong Station 

and the Sea World Station, resulting in a decrease in the correlation. 

7.2 Overview of Findings 

The study is based on the background of a walkable city and compact 

development. It aims at the problem of low walking efficiency in urban public space, 

and comprehensively applies multidisciplinary knowledge such as urban planning and 

design, transportation engineering and computer mathematical statistics to model. Big 

data analysis is also the main method. Taking the railway station area of the city with 

a large pedestrian flow as the research object, through the association between the 

walking service efficiency and the spatial organization around the stations, the spatial 

organization influencing factors and the evaluation of the walking service efficiency 

 

 

Speed 
Pedestrian volume 

Congestion 

imbalance 

Street 

sensitivity 

Street topology Depth .078 .353** .365** -.174** 

Connect .019 .308** .309** -.142* 

Intergration .029 .304** .309** -.170** 

Control -.016 .168** .159* -.052 

Betweenness .067 .378** .349** -.075 

Traffic service Road hierarchy -.086 .035 -.001 .042 

Width of sidewalk -.017 -.041 -.214** .006 

Width of motor 

lane 
.052 .117 -.004 -.064 

Walking distance -.052 -.332** -.320** .316** 

Spatail 

orginization 

-.087 .032 -.001 -.008 
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are separately combined, to build the relationship model. An overview of the results 

of the study are as follows. 

1. To understand the spatial organization elements and spatial patterns 

around urban railway stations 

Chapter 3 analyses the research contents of spatial organization and the 

characteristics of railway station area, and extracted the spatial characteristics with 

key elements. Finally, the key elements of spatial organization are classified into three 

aspects: functional structure, street form and traffic service. Taking Shenzhen city as 

an example, the stations are clustered into three classifications: node-based, 

Circle-based and Corridor-based modes. 

2. To propose the concept of walking service efficiency, and to investigate the 

coordination between efficiency and public space. 

The characteristics of pedestrian flow in the railway station area are discussed in 

Chapter 4. It identifies that due to the lack of consideration of instantaneous 

agglomeration of passenger flow, short-term waviness and space utilization efficiency 

during the planning, there are problems of slow walk, low-efficiency and inadequate 

space utilization in these areas. It illustrates the necessity of the concept of pedestrian 

walking service efficiency. The evaluation method of walking service efficiency is 

proposed from two aspects of service level and space coordination. 

3. To optimise a simulation method based on a social force model and verify 

its applicability in railway station areas.  

Based on the agent-based and social force model, an originally indoor model of 

micro-walking simulation is extended to a certain scale of outdoor space area in 

Chapter 5. The model is adjusted and verified through field research, combined with 

260 streets around 9 railway stations in Shenzhen. The empirical study demonstrates 

the simulation results, adjusts and verifies the applicability of this method. 

4. To explore the relationship between spatial organization and the walking 

services efficiency, and quantitatively indicate the impact of spatial organization 

elements on walking, in detail. 

The spatial organization variables and the walking service efficiency variables 
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are quantified by the Shenzhen smart card record data, POI data, and OSM data in the 

year of 2016. The multi-scenario planning and mathematical statistics analysis models 

are used to explore the relationship between independent and dependent variables. 

Finally, it demonstrates the influence of spatial organization elements changes on the 

walking service efficiency and the characteristics of walking service efficiency under 

different spatial organization modes. The findings indicated some important spatial 

factors that influence walking service efficiency. It suggest that the same kind of 

elements have different influences in different spatial organization modes. These 

organization modes thereby leading to pedestrian congestion. 

7.3 Contribution to Knowledge 

(1) To expand the understanding and contents of walkability by pedestrian 

traffic. 

Based on the previous research on walkability, the study puts forward the aspects 

of pedestrian flow in the real environment, and initially constructs the evaluation 

content and indicators according to the common traffic problems of dense city. It 

takes peak congestion as an important aspect of walkability assessment. The 

evaluation has important innovative significance in interpreting the distribution of 

pedestrian flow and walking behaviour in urban dense TOD areas. 

(2) To quantitatively explore the relations and correlations between spatial 

organization factors and walking services efficiency. 

The relationship and impact degree between spatial organization factors 

(commercial, business, residence, public service, green space, transit facilities, 

facilities type, job-housing balance, depth, connect, control, integration, 

betweenness, road hierarchy, width of sidewalk, width of motor lane, walking 

distance and organization mode) and walking services efficiency aspects 

(walking speed, pedestrian volume, congestion imbalance and street sensitivity) 

are quantitatively measured. Many factors such as commercial density, street 

betweenness, width of sidewalk etc. have been evaluated and verified to have 
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positive impact. New factors such as control, integration, width of motor lane 

and organization mode etc. are also identified. 

 (3) To detect the important differences between three spatial organization 

modes.  

In-depth analysis of the differences between spatial organization modes of 

node-based, Circle-based and corridor-based, it points out the impact of different 

modes on the walking service efficiency. It founds that circle-based mode has 

better capability of pedestrian evacuation. Node-based mode has better traffic 

capacity and the spatial adaptability to the pedestrian scale change. 

Corridor-based mode has lower walking service efficiency. Through the relevant 

real cases, it helps to understand the three space organization modes that affect 

the walking service efficiency. 

(4) To enrich international knowledge on the correlation between spatial 

organization and walking services efficiency by Asian case study. 

Through the case of Shenzhen, the spatial organization of the railway station and 

walking service efficiency are quantified separately. The understanding of urban 

space and walking behaviour is strengthened, and accurately relationship between 

the factors are confirmed. 

(5) To provide an analysis idea based on a pedestrian microscopic simulation 

model and Big Data. 

As distinguished from the traditional data collection method of residents' travel 

survey and tracking observation, this study uses smart card data to simulate the 

walking behavious surrounding railway stations. By combining with POI and 

OSM data sources, as well as consideration of microscopic pedestrian 

characteristics, the pedestrian flow analysis model of the outdoor space in the 

railway station areas is constructed. The scope of application of the simulation 

model is expanded. The feasibility and effectiveness of this innovative simulation 

approach are verified.  
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7.4 Limitations and Future Studies 

7.4.1 Research limitations 

The railway station area is a complex public space, which involves not only 

urban planning and engineering, but also traffic engineering and public policy. Owing 

to the limitations of knowledge and time, and the research content is complicated, so 

the research study mainly has the following shortcomings. 

(1) Limitations of an idealized simulation model. 

Although the simulation method can effectively demonstrate the walking 

activities that are generated and arrived at the station, it is deficient for citizens who 

live and walk in the service area but do not transit by stations. These people will have 

a certain impact on the research accuracy. In addition, the four-phase transportation 

method in this paper simplified the travel situation inside the pedestrian analysis zone 

(PAZ). Therefore, the walking activities at this level cannot fully represent the impact 

of the real built environment. This simplification will also weaken the accuracy of the 

results. 

(2) Limitations of quantitative evaluation.  

Cities can be modelled as a complex system that is influenced by multiple factors. 

One methodologically important problem is that the quantitative research cannot 

encompass influencing factors comprehensively. This study initially puts forward the 

concept of the walking service efficiency and its evaluation indicators, as well as the 

evaluation of the spatial organization mode. Although it has achieved some progress 

compared with the traditional approaches, the results show that the current 

independent variables have limited explanatory ability for the dependent variables, 

which indicates that the independent variables cannot fully reveal the law of 

pedestrian flow in complex urban space 
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7.4.2 Areas for future study 

There are many innovative methods and conclusions proposed by the study still 

needing to be tested and adjusted. Many problems need to be further studied in the 

future research. 

(1) Model adjustment and data verification. Owing to the limitation of time and 

energy, this study simulated an ideal model, and there is not enough advanced 

requirement and correction for the model. In the future, further efforts should be made 

to adjust and test the accuracy of the model to minimize the error level with the real 

urban status. 

(2) Verification of the relationship between spatial organization and walking 

service efficiency. At present, the paper mainly focuses on the data collection and 

analysis of stations in Shenzhen. Only nine stations have been selected for research. 

Whether stations in other cities can fit the spatial organization patterns and elements 

is a question and it still needed to be extended. In the future, data information can be 

used to further verify the feasibility of other cities to enrich the quantitative research 

of the urban railway station area. 

(3) Strengthen the design and planning recommendations of urban planning to 

improve the walking service efficiency. The institutionalization and standardization of 

urban design and planning is an important development trend in the future. It is also 

in line with the needs of the times and stage of social development. The existing 

railway station planning content and element system have not been fully incorporated 

into the considerations of town planners and designers. How to control the practical 

planning on urban spatial content and elements, and propose the adjustment for policy 

and code is for the future research focus. 
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