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ABSTRACT 

Under the background that the spatial development of cities is gradually changing from outward 

expansion to inward optimization, it will become an important task for every city to improve the land 

use efficiency and promote the renewal of old cities. Take the renewal of the area along the light rail 

line 3 and line 4 in Changchun as an example, based on the theory of space syntax, we established an 

evaluation system of the  redevelopment potential of area along the light rail line 3 and line 4. This 

evaluation system evaluates the potential of area from three aspects that the effect of passenger flow 

driving urban spatial layout reorganization, space condition of development, the richness of 

supporting service function around every block, which can provide a quantitative analysis method for 

excavating the urban stock development space. 
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1. INTRODUCTION 

The rail transit has the characteristics of large volume and fast speed, which could lead people to 

specific places and gather a large number of people at a certain point. The rail transit will inevitably 

promote the differentiation and reorganization of urban spatial layout, drive the process of urban 

renewal, positively or negatively change the urban function aggregation ability of different regions, 

make the government’s policy maker actively or passively change the urban spatial structure. 

At present, most of the relevant researches on the reconstruction of the area along the rail transit are 

based on the TOD (transit-oriented-development) theory, discussing the influence scope of rail transit 

(actually the influence scope of passenger flow of rail transit), sorting out the relationship between rail 

transit and land use, and exploring development strategies and spatial reconstruction methods. For 

example, Wang fang proposed a research on the driving force of rail transit to urban renewal and 

urban renewal strategy based on the theories of TOD and Compact City and Smart Growth City. 

Through summarizing the development and evolution experiences of four Asian countries, nine cities, 

16 rail Transit stations and surrounding areas, Ding hongya put forward the transformation from TOD 

to TOE (Transit Oriented Evolution) for urban central areas by summarizing experiences, and applied 

it to a station in Chongqing. In terms of space syntax, theoretical literatures on the linkage mechanism 

of "people", "traffic", "function" and "space" are mostly based on the research on the relationship 

between "people" and urban space network. Stephen Law's model is one of representative researches 

which adds multi-scale and multi-dimensional traffic network on the basis of London's urban space 

model to test the equilibrium conditions on the theoretical level. Sheng qiang, hou jingxuan et al. 
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made multi-scale analysis on the traffic flow and catering business of Chongqing subway station and 

the traffic flow and spatial parameters of Tianjin subway station respectively, looking for their internal 

relations. The latter also put forward the analysis and prediction model based on the research. 

The renewal and reconstruction of the areas along the rail transit is a long and systematic urban 

construction work, whose ultimate purpose is to improve the quality of human settlements and bring 

economic value to the city. While the development mode of TOD emphasizes the mixed land with 

high development intensity, not all the reconstruction and construction around the site are applicable 

to this mode. Based on the theory of space syntax, among various urban functions, the most sensitive 

to the flow of people and urban space network is the commercial function (which can be measured by 

the density of catering and retail within the region), which can best represent the economic 

development potential of the land. The theme of this paper is to make use of the spatial distribution 

law of commercial function, evaluate the economic development potential of each area along the rail 

transit, select the plots with great economic development potential as the key points of urban renewal 

and reconstruction along the rail transit, so as to reduce the huge cost of old city renewal and increase 

the probability of success of urban renewal. 

The length of light rail line 3 and line 4 in Changchun is about 48 kilometers, with 46 stations. The 

average distance between the stations is about 1000 meters. The nearest station spacing is about 600 

meters and the largest station spacing is about 2200 meters. In 2015, the two rail transit lines had been 

in operation for 12 years, and they were the only rail transit that connects the old city and new 

development zone.  

2. DATASETS AND METHODS

2.1 Redevelopment potential evaluation system construction 

The research space scope : According to relevant researches applicable to the TOD theory of 

Chinese cities, the influence range of rail transit station is about 500m, in which public facilities 

should be arranged within 200 meters, mixed land and park green space should be arranged within 

200 meters to 300 meters, and residential land should be arranged within 300 meters to 400 meters. 

According to the research on corridor effect of rail transit, the station of Changchun light rail line 3 

affects the development of surrounding cities within the range of 1300 meters. Based on the 

comprehensive judgment of actual operation, this paper takes the range of 1000 meters along the 

Changchun light rail line 3 and line 4 as the research scope, and evaluates the redevelopment potential 

of each block within this range. 

Datasets: The spatial model of Changchun, Topology model of rail transit network, Poi data of 

Changchun in 2018, Existing land use data, Bus stops data, Buildings’ height data, Population data. 

Methods: The evaluation system of the redevelopment potential of the block surrounding the rail 

transit station has three parts: evaluation of effect of passenger flow driving urban spatial layout 

reorganization, evaluation of space development condition and evaluation of the perfection of 

supporting service. The first part evaluates whether the area around the stations has fully exerted the 

economic value brought by passenger flow, finds out the potential station (the actual passenger flow 

volume is higher than the predicted passenger flow volume of rail transit station) which can support 

more functions, and scores each block. The closer the block is to the potential station, the higher the 

score it will gets. In the second part, the spatial model of space syntax is used to evaluate the spatial 

condition of development around the rail transit station. The better the spatial condition is, the higher 

the score will be. Evaluating the land around the urban supporting service function richness is the 

third part, the urban supporting service functions around the stations, including the number of bus 

station which represents the public traffic transfer convenience, the amount of caterings and retails 

which represents city vitality ,and the area of green space which represents the urban space quality. 

Based on the three parts, AHP is applied to assign different elements’ weights, and the redevelopment 

potential score of each block is obtained by weights. Finally, based on the actual situation, the most 

suitable land parcel for urban redevelopment around the rail transit station was selected from the block 

with the highest score. See FIG. 1. 
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FIG. 1  Technology roadmap 

2.2 Evaluation model of the driving effect of rail transit station 

Relevant researches show that it has a greater chance to become the destination of subway travel, if 

the area within 500m around the subway station has more streets, closer to the grid and well 

connected with each other.  

From the perspective of space syntax theory, the distribution of function around the site is also 

affected by the connection parameters of these streets in the overall urban space: the blocks with good 

spatial connection tend to be more dynamic, have more commercial distribution and more likely 

become the destination of travel. From the perspective of specific city performance, large passenger 

flow can support and attract the operation and aggregation of urban commercial functions, and large 

commercial function aggregation can also improve the scale of passenger flow. Taking this as the 

starting point, combined with the actual situation in Changchun city, considering various factors 

affecting the passenger flow of light rail line 3 and line 4 rail transit stations, the prediction model of 

passenger flow of rail transit stations could be established. Where the actual passenger flow is greater 

than the predicted passenger flow of the station can support and attract more commercial functions, 

defined as the economic development potential station, and the actual distance from the potential 

station taken as a criterion for judging how each block affected by the passenger flow. 

On the basis of the Space Syntax model, analysis the correlation among the actual passenger flow 

volume and the number of POI, the number of catering and retails, the number of resident population, 

the building area, the number of bus stops , the spatial accessibility of the streets around the stations at 

various scales (within 400 meters and 800 meters around the stations) , rail transit network topology 

model ,finds out the passenger flow of  is mainly affected by urban functions, topology rail transit 

network and urban spatial network, the Pearson coefficient reached 0.46, 0.45 and 0.43, respectively. 

The surrounding residential population and the development intensity have little influence on 

passenger flow of stations. It is related to the rail transit network is relatively single, there were only 2 

light rail lines in 2015 in Changchun, the rail transit’s Traffic sharing rate was only 2.2%. At the same 

time, most of the areas along the light rail are residential areas. That represents most of people in 

Changchun do not use the rail transit as their main way to travel which leads to rail transit passenger 

volume is not related to the intensity of population and development. See   FIG. 2 for details. 
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FIG. 2  Pearson correlation analysis of passenger flow and related factors 

The factors with highest correlations are further screened. The ChoiceN of the topological model of 

the rail transit network, the average Nain R1200 m within 800 meters and the total number of catering 

and retail within 400 meters are taken as the influencing factors of the prediction model. The 

passenger flow prediction model is established with JMP software, and the prediction formula is: 

Volume of passenger flow=2.6658683755+0.0723197426*Log(ChoiceN)+0.1019253702*log(number 

of catering and retails)+0.3359091111*Average(Nain R1200)(within 800m), Pvalue is 

0.0002,Rsquare is 0.38.See FIG. 3. As the light rail line 3 in Changchun is laid along the railway, the 

influence of rail transit on the urban area on the other side of the railway is greatly weakened, 

resulting in the low correlation coefficient of the prediction model. However, this can reflect the 

relationship between the predicted passenger flow and the actual passenger flow to a certain extent. 

 

FIG. 3   Prediction model of the volume of passenger flow from stations 
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Those distributed within the confidence interval are regarded as normal stations, those distributed 

below the confidence interval as inefficient stations, and those distributed above the confidence 

interval as potential stations. In potential stations, the farther away from the confidence interval, the 

greater the potential it has. By calculating the distance between the actual passenger flow location and 

the confidence interval, the ranking scores of 11 potential stations can be obtained. See Table.1. 

Table.1  The rank of potential stations 

Serial 
number 

Names Score（Distance from the actual volume to the confidence interval） 

1 湖光路 158 
2 宽平桥 111 
3 南湖大路 95 
4 南四环 97 
5 卫星广场 93 
6 硅谷大街 84 
7 吉林大路 76 
8 世纪广场 63 
9 南三环 50 
10 前进大街 23 
11 东北师大 11 

 

Considering the distance attenuation effect of passenger flow dispersion to the surrounding area , the 

closer to potential stations, the higher score it will get. Within 200meters it will get “1”, 200-

400meters it will get “0.8”, 400-600meters it will get “0.6”, 600-800meters it will get “0.4,” 800-

1000meters it will get “0.2”, 1000meters-  it will get “0”. Calculate the final redevelopment potential 

score influenced by the passenger flow by multiplied with the potential station’ score and the distance 

score. Then rank the blocks by the score, divided into 20 levels, as shown in FIG. 4. Among them ,the 

blocks around 湖光路站、宽平桥站、南湖大路、抚松璐、南四环、卫星广场 stations have high 

redevelopment potential score. In these areas the rail transit station played a very important role in 

driving the development, and the passenger flow could support more urban vitality functions. 

 

FIG. 4. Rank of the driving effect of potential stations 
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2.3 Evaluation model of space condition of development 

According to the theory of space syntax, the aggregation of commercial functions is affected by their 

spatial connectivity. The higher the spatial accessibility is, the stronger attraction to commerce it will 

have, and the greater economic development value it will have. In order to improve the success rate of 

the reconstruction of the land parcel along the light rail lines, the land parcel with prominent 

performance in the macro urban space network and micro urban space network can be used as the 

alternative land parcel for the urban redevelopment along the light rail lines. 

This model evaluates the spatial conditions of land redevelopment from two levels, city level and 

block level, and the analysis radius is 20km and 3km respectively. The spatial conditions for judging 

the land redevelopment potential from two aspects are the spatial capacity (street length) and Space 

accessibility suitable for the entry of active urban functions, which are measured by the values of 

"product of maximum Choice and edge length" and "average Integration". The score of all blocks in 

the city was processed by the extremum method, and the score was used to measure the spatial 

development conditions of each block, as shown in FIG.5. The spatial condition of urban development 

in the north area is obviously better than that in the south area, and the spatial condition of urban 

development in the Changchun railway station area is the best. This is basically consistent with the 

POI distribution of actual commercial functions in Changchun. 

 

FIG. 5. Rank of space condition of development 

2.4 Evaluation model of functional perfection of supporting services 

Since it is to evaluate the redevelopment potential of the land parcel, in addition to the commercial 

gathering capacity of the land parcel itself, good spatial environment quality, public transportation 

environment and perfect supporting service function around the land parcel are also important factors 

to ensure the success of the redevelopment of the land parcel. 

From each block within a 5-minute walk (400 meters), the richness of urban supporting service 

function is used to determine the strength of surrounding areas' supporting conditions for the 

redevelopment of each block. Take each block as the starting point, catch 3 types of data: the number 

of bus stops, the number of catering and retails, the area of green places. Then rank the 3types of 

data ,divide them into 20 levels. Multiply the 3 types of data’s rank to measure index of regional cities 

service function’s support ability. See FIG. 6. The scores of plots around large parks are relatively 
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high, which also indicates that the advantageous elements of urban space development are often 

attracted to each other. The bus system, catering and retail functions around large parks are relatively 

perfect, and the economic development potential of plots adjacent to large parks is higher than that of 

other regions. 

 

FIG. 6. Rank of richness of city functions 

2.5 Determine the weight of each factor 

Starting from the current conditions, and on the premise of giving full play to the economic benefits of 

the surrounding plots of the station, the analytic hierarchy process (AHP) is adopted to determine the 

influence weight of each factor according to the rules that the influence of passenger flow is greater 

than that of spatial development conditions and the influence of spatial development conditions is 

greater than that of urban supporting services' functional perfection, as shown in FIG. 7. 

 

FIG. 7   Weights system of factors 
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3. RESULTS  

To sum up, the development potential scores of each block are obtained by using the above weighted 

calculation, as shown in FIG. 8. Among them, the area with the greatest comprehensive 

redevelopment potential is located between 湖光路 station and 宽平桥 station, and the redevelopment 

potential of the urban periphery is smaller than that of the old city. The top 25% of the 3,777 blocks 

were selected, with a total of 48 blocks, covering an area of about 308 hectares, as the most 

redevelopment potential plots along the rail transit. 

 

FIG. 8   Rank of redevelopment potential 

4. CONCLUSIONS  

Based on the spatial distribution data of low-efficiency land plots provided by Changchun Bureau of 

Land and Resources and the possibility of reconstruction of various areas, 5 blocks that could be used 

for urban renewal were selected from the 48 plots with the highest score as the first choice for urban 

renewal along the track in the future. This method can be applied to evaluate the redevelopment 

potential of other urban areas, so as to provide guidance for exploring the urban stock development 

space and adjusting the spatial development strategy of Changchun city. 

This method still has many shortcomings. For example, in terms of determining the weight of each 

evaluation element, AHP method is subjective, so the weight system should be re-determined for 

different purposes of urban renewal in the future. Meanwhile, the plots selected in this paper only start 

from the size of their economic development potential. In the implementation stage of urban renewal 

and reconstruction, a series of factors such as demolition cost, time cost and operation cost need to be 

calculated to determine the feasibility of each potential plots. 
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