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Abstract 

Motorization has become widespread in local cities in Japan. Therefore, city 
functions and residents have been dispersed to suburbs and daily life has become 
difficult without private cars. Recently, the concept of a compact city has been 
attracting attention. It is said that one of the most important keys to realizing a 
compact city is to develop very convenient public transportation. However, in 
local cities in Japan, although there are public transportation networks, they are 
not effectively used because service frequency is very low. This research 
analyzed the present distributions of populations around stations and how they 
have changed over time by the levels of service frequencies of railways and 
tramways in all local cities in Japan. More specifically, at first, the transportation 
frequencies over railways and tramways and changes in the distribution of 
population of all local cities in Japan over time were investigated. Then the 
degree of service frequencies of stations in the public transport system, railways 
and tramways, their affect on the present distribution of the population around 
the stations and their changes over time were analyzed. 
Keywords: service frequency, railway, tramway, distribution of the population. 

1 Introduction 

Motorization has become widespread in local cities in Japan. Therefore, city 
functions and residents have been dispersed to suburbs and daily life has become 
difficult without private cars. Recently, the concept of a compact city has been 
attracting attention. It is said that one of the most important keys to realizing a 
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compact city is to develop very convenient public transportation. However, in 
local cities in Japan, although there are public transportation networks, they are 
not effectively used because service frequency is very low. There is no clear data 
to support the development of very convenient public transportation systems that 
could increase the population of surrounding areas and help to build a compact 
city around them. 
     The purpose of this paper is to verify the distribution of the population of 134 
local cities in Japan and how they have been changing over time according to the 
frequency of public transportation, including railways and tramways. More 
specifically, at first, the transportation frequencies over railways and tramways 
and changes in the distribution of population of all local cities in Japan over time 
were investigated. Then the degree of service frequencies of stations in the 
public transport system, railways and tramways, their affect on the present 
distribution of the population around the stations and their changes over time 
were analyzed. 

2 Reference review 

As for study focused on the relationship between the convenience of public 
transport and urban structure, Mochizuki et al. [1] have clarified the effect of the 
Toyama Light Rail, the first-ever full-scale Light Rail Transit System in Japan 
and the activities around its stations. Oba et al. [2] have verified that the 
populations around railway stations are decreasing and the populations in the 
areas separated from the stations are increasing in local cities in Japan. Miyata  
et al. [3] evaluated the changes of populations in the cities, towns and villages 
along railway lines caused by the abolishment of local railway, and examined its 
effect on local societies. Nakagawa et al. [4] verified the effect of railway 
development on the populations in local cities, towns and villages from 
population changes and the timings of railway development. Hass-Klau et al. [5], 
targeting cities in countries in Europe and North America that have introduced 
Light Rail Transit, extracted success factors by analyzing the characteristics of 
cities and areas along the lines including the service frequencies at peak times. 
Tsuji et al. [6], targeting the cities having tramways in Japan, clarified the 
relationship between the compactness of cities and tramways. Sabo [7] and 
Kaido [8] evaluated the compactness of cities based upon actual statistical data. 
     Compared with these studies, the feature of this study is that it targeted the 
stations of railways and tramways in all local cities in Japan, and performed an 
analysis based upon precise service frequency data by timetable, and  then 
conducted an analysis on a micro-scale for such station vicinities. 

3 Analytical method 

3.1 Definition of targeted stations of railways and tramways 

The cities in Japan with a population over one hundred thousand as of 2005 were 
targeted for this study. Among them, the cities in the large city areas such as: 
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Tokyo, Osaka and Nagoya and those having no railways and tramways in 2005 
were excluded from the targets of this study. In this way, 134 local cities were 
extracted. They include Sapporo, where the Winter Olympics were held in 1972, 
Himeji having Himeji Castle, a World Heritage Site, and various other cities 
around Japan. Fig. 1 shows the number of these cities based on the size of their 
population. 
     This study targeted the stations of railways and tramways that existed in these 
local cities as of 2005. There were 2,338 stations in total in these 134 local cities, 
and among these, there were 1,903 railway stations and 435 tramway stations. 

3.2 Calculation method of service frequencies 

In this study, an indicator to express the convenience of railways and tramways 
in Japan, the service frequency at the off peak time at each station was used. 
     To begin with, the number of trains leaving stations during 9:00-16:59 was 
counted based upon the 2005 timetable and the level of the number of trains was 
counted for each line. For the station connected with other numerical lines, the 
level of service for all lines individually were added as a whole to calculate the 
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Figure 1: Number of cities by population scale. 
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Figure 2: Number of stations for each service frequency classification (left: 
railway, right: tramway). 
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station total. Then, the total level of service was divided by the off-peak hours, 
and the service frequencies (service/h) were thus obtained.  
     After calculating the service frequency of each targeted station, the stations of 
railways and tramways were classified into seven frequency classifications by 
the level of frequency. Fig. 2 shows the number of railway stations and tramway 
stations in the 134 local cities for each service frequency classification. The 
average service frequency of targeted stations is 2.98 service/hour for railway 
stations and 11.46 service/hour for tramway stations. There are many stations 
with high service frequency. 

3.3 Method of calculating population around the influence area of a station 

As for the populations of influence areas, all stations within a 500 m radius of a 
particular station for a total of 134 local cities were calculated. For this 
calculation, the grid data of the national population census of 1995, 2000 and 
2005 were used. 
     For the grids crossing over the boundary between the influence area of a 
station and another one, the population was calculated by proportionally dividing 
it based upon the area ratio of the influence area and outside of it.  

4 Relationship between the distribution of population around 
the station and its service frequency 

4.1 Relationship between the distributions of population surrounding all 
railway and tramway stations and the service frequencies 

The populations of the influence area of stations of both railways and tramways 
in 1995, 2000 and 2005 were calculated for each service frequency classification. 
Table 1 shows the population per railway station and Table 2 shows that of 
tramway stations.  
     As shown in Figs. 3 and 4, the stations with higher service frequencies tend to 
have larger population in their influence areas. Among them, there are large  
 
Table 1:  Population of the influence area of the station for each service 

frequency classification (all railway stations). 

1995 2000 2005
～1 342 780 773 756
1～2 568 1,564 1,556 1,529
2～3 384 2,399 2,403 2,402
3～4 131 2,933 2,959 2,987
4～6 226 3,227 3,267 3,330
6～12 228 4,593 4,737 4,967
12～ 24 3,852 3,911 4,240
Total 1,903 2,275 2,297 2,327
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Table 2:  Population of the influence area of the station for each service 
frequency classification (all tramway stations). 

1995 2000 2005
～1 0 0 0 0
1～2 0 0 0 0
2～3 11 3,764 3,803 3,798
3～4 7 2,909 2,875 2,833
4～6 32 2,395 2,367 2,292
6～12 179 4,507 4,483 4,660
12～ 206 4,880 4,724 4,799
Total 435 4,484 4,398 4,500

Population of the influence area
of the Station

Service
Frequency
(per hour)

Number
of

Stations
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Figure 3: Population of the influence area of the station for each service 
frequency classification (all railway stations in cities). 
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Figure 4: Population of the influence area of the station for each service 
frequency classification (all tramway stations in cities). 
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differences in the populations of the influence area between the stations with 
service frequencies of 4-6/hour and those with service frequencies of 6-12/hour.  
Furthermore, in the case of tramways, the population of the influence area of 
stations with not so high service frequencies of 2-3/hour and 3-4/hour are rather 
large. These tramway stations include the stations in the neighbourhood of other 
railway stations and the stations around which other high frequent tramways are 
operated. So these factors are considered to push up the populations of the 
influence areas of the stations. 
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Figure 5: Changes of population of the influence area of stations for each 
service frequency classification over time (all railway stations). 
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Figure 6: Changes of population of the influence area of stations for each 
service frequency classification over time (all tramway stations). 

     The populations of the influence areas of the stations have changed over time. 
As shown in Fig. 5, in the case of railway stations, the population per the 
influence area of the stations with service frequencies of 6-12/hour and more 
than 12/hour has largely increased. In the case of railway stations, the higher the 
service frequency is, the larger the increase of population of the influence area of 
the station becomes. In the case of tramway stations, as shown in Fig. 6, the 
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populations of the influence area of the station with service frequencies of 6-
12/hour and more than 12/hour have decreased until 2000. However, since 2000, 
they have increased. On the other hand, the populations of the influence area of 
the station of tramway with service frequencies of less than 6/hour tend to 
decrease. 

4.2 Relationship between distributions of population around railway and 
tramway stations within DID and service frequencies 

The populations of the influence area of stations within densely inhabited 
districts (hereinafter referred as DID) in 1995, 2000 and 2005 were calculated for 
each service frequency classification.  
     As shown in Table 3 and Fig. 7, in the case of railways, the higher the service 
frequency of the station is, the more the population of the influence area of the 
station tends to increase.  
     As shown in Fig. 8, the populations of the influence area of stations with 
service frequencies of less than 4/hour decrease compared with the analysis of 
4.1 above. Populations of the railway stations with a service frequency of 3/hour  
 
Table 3:  Population of the influence area of stations for each service 

frequency classification (railway stations within DID). 

1995 2000 2005
～1 77 2,040 2,010 1,944
1～2 261 2,475 2,439 2,389
2～3 273 2,985 2,971 2,971
3～4 115 3,179 3,186 3,199
4～6 208 3,377 3,414 3,483
6～12 222 4,681 4,825 5,059
12～ 23 3,967 4,016 4,338
Total 1,179 3,237 3,259 3,308
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Figure 7: Population of the influence area of stations for each service 
frequency classification (railway stations within DID). 
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or more go beyond the increase rate of all DID population. On the other hand, 
the populations of the influence area of stations with service frequency of less 
than 2/hour fell below the increase rate of all DID population. From the above, 
even within DID, the populations around the stations with low service 
frequencies flow out, and the populations around the stations with high service 
frequencies remarkably tend to take roots and increase. 
     As shown in Table 4, in Figs. 9 and 10, all tramway stations excluding 14 
stations exist in the DID, so there were no large differences from the analysis 
result of 4.1. 

4.3 Evaluation of the compactness of cities 

This chapter is to verify whether the development of railways and tramways with 
high service frequencies could lead to increase the proportions of the populations 
around the stations to those of cities and total DID, and as a result could lead to 
the formation of compact cities. 
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Figure 8: Change of population of the influence area of stations for each 
service frequency classification over time (railway stations within 
DID). 

Table 4:  Population of the influence area of stations for each service 
frequency classification (tramway stations within DID). 

1995 2000 2005
～1 0 0 0 0
1～2 0 0 0 0
2～3 10 4,028 4,060 4,061
3～4 7 2,909 2,875 2,833
4～6 28 2,616 2,593 2,514
6～12 170 4,664 4,627 4,808
12～ 206 4,880 4,724 4,799
Total 421 4,589 4,497 4,600
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Figure 9: Population of the influence area of stations for each service 
frequency classification (tramway stations within DID). 
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Figure 10: Change of population of the influence area of stations for each 
service frequency classification over time (tramway stations within 
DID). 

     To begin with, the railway stations were classified into those with service 
frequencies of 3/hour or more and less than 3/hour, and the proportions of the 
population in the radius of 500 m of stations to the total population of the city 
were calculated. As a result, as shown in Fig. 11, the proportions of population 
around the stations with service frequencies of higher than 3/hour increased. 
However, the proportions of population around the stations with service 
frequencies of lower than 3/hour decreased. As shown in Fig. 12, the proportion 
of the population of the influence areas of stations with service frequencies of 
3/hour or more, to the populations within DID around railway stations 
remarkably increased. 
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Figure 11: Proportion of the population of the influence area of the station to 
that of the city (all railway stations). 
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Figure 12: Proportion of the population of the influence area of the station to 
that of the city (railway stations within DID). 
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Figure 13: Proportion of the population of the influence area of the station to 
that of the city (all tramway stations). 
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     Then, the tramway stations were classified into those with their service 
frequencies of 6/hour or more and those of less than 6/hour, and the proportions 
of the population within the radius 500 m of stations to the total populations of 
city and DID was calculated, respectively. As a result, as shown in Figs. 13 and 
14, the proportions of the populations around the stations with service 
frequencies of 6/hour or more have decreased since the year 2000. On the other 
hand, the proportions of populations around the stations with service frequencies 
of less than 6/hour have slightly decreased. 
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Figure 14: Proportion of the population of the influence area of the station to 
that of the city (tramway stations within DID). 

5 Conclusion 

This study analyzed the present distributions of populations around stations and 
how they have changed over time by the levels of service frequencies of railways 
and tramways in all local cities in Japan. As a result, generally, the populations 
of the influence area of stations with higher service frequencies are confirmed to 
become larger. As for the changes of the populations over time, it was clear the 
populations of the influence area of railway stations with a service frequency of 
2-3/hour or less tend to decrease, and the populations of the influence area of 
railway stations with higher service frequencies increase. Since 2000, the 
populations of the influence area of tramway stations with service frequencies of 
6/hour or more have increased. There is a difference in the boundaries of service 
frequencies to increase or decrease populations between railway stations and 
tramway stations. This is considered because the transport capacity of tramways 
is smaller than that of railways, and that tramway stations are relatively closer to 
the central parts of cities.  
     Even if the stations within DID are focused, it was clear that the populations 
of the influence area of stations with high service frequencies are large, and that 
the increasing rate of these populations is high as well. 
     It was clear that the proportion of the populations of the influence area of 
stations with high service frequencies to the total population of the city is 
increasing.  
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     From the above, it is clear that many people are living in the influence area of 
railway and tramway stations with high service frequencies in local cities in 
Japan and the populations are increasing, so this does in fact lead to the 
formation of compact cities. 
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