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Naohiko HIBINO1, Yoshihisa YAMASHITA2, Hisao UCHIYAMA3 

Abstract. Railway passengers in the Tokyo Metropolitan Area (TMA) have had 
several alternative railway routes from their origins to destinations, since the 
TMA boasts one of the most extensive urban railway networks in the world. Yet, 
improvement of various kinds of service facilities has been constantly called for 
to enhance the level of services for railway passengers. In this case, the route 
choice behavior of the passengers should be carefully analyzed with suitable 
choice sets which, however, lack a standard procedure. The paper tries to answer 
the question of how to find procedures of creating the set and how to calibrate the 
generated set. For this purpose, a special survey of offices in the CBD, where the 
passengers commute from a wider TMA area, is undertaken. 

1. Introduction 
The TMA is spread over a radius of approximately 70 km with 35 million people (Figure 
1.). The total length of the railway is more than 2,000 km, which forms the densest network 
in the world (Figure 2.) [1]. The total number of stations is around 1,500, which includes 
250 transfer terminal stations. The passengers usually have several alternatives for access 
and egress stations as well as railway routes. The patterns of passengers’ flow changes even 
in the small scale improvement work such as, the installment of escalators in the stations, 
the relocation of bus stops at the station and so on. Hence it is important to apply the 
railway route choice behavior analysis with a high degree of precision while identifying 
appropriate improvement work. 

The standard process of the above mentioned analysis involves into two stages; first 
generating a choice set and then, modeling route choice behavior based on the given choice 
set (Figure 3.) [2] [3]. The main interest of the analysis, until now, has been placed on a 
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Figure 2. Line density. Figure 1. Map of the TMA.  

choice model itself from a certain choice set. Some non-IIA type models were proposed in 
order to allay the IIA characteristics about that was surely brought by the highly dense 
network [4] [5] [6]. It is a fact that those models have contributed to the improvement of 
accuracy of the analysis. On the other hand, the generation process of a choice set has not 
been analyzed yet sufficiently. 

Data from the Railway Census of the TMA (once in every five years) are usually 
applied to such analysis. Regarding to the railway route, the census data that describe only 
the actual route of passengers, however, do not provide information about alternative 
routes. Therefore the analysts are obliged to prepare some alternative routes, referring to the 
passengers’ origin zone and destination zone. The validity of the choice set, which is 
generated by such way, is evaluated by the statistical significance of the route choice model 
[7]. This approach gives the information about the sensitivity of the route choice model 
from the choice set, however, does not inform about the consistency with the real choice set. 

The study undertakes a special survey that can trace the said choice set of each 
passenger. The purpose of the study is to derive what kind of the LOS the passenger weighs 
from the survey on the occasion of route choice. 
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Figure 3. Two stages process of the railway route choice behavior analysis. 
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2. Choice set survey 

2.1. Outline of the survey 
“A railway passengers’ route choice behavioral survey for morning commuters” was 
conducted in the year 2000 when the newest Census was undertaken. The target samples 
are business workers who live in the TMA and commute to the CBD by railway. The items 
of a questionnaire of the survey consist of followings: (1) home address, (2) riding time at 
an access station, (3) getting off time at an egress station, (4) actually taken railway route 
and (5) alternative routes which have certain possibility to be taken. The questionnaires are 
distributed to some assigned offices in the CBD and employees in the office are asked to 
respond it. The office-based survey has following advantages as compared with the home-
based survey; not only revealed behaviors of commuters who concentrate to the CBD area 
directly, but also getting efficiently their alternative routes. These maps illustrate places of 
the distributed questionnaires and places where respondents live respectively (Figure 4.). 
The 832 questionnaires of the total number are distributed and 676 are returned. Excluding 
inadequate samples most of which are not completely filled up, finally 199 samples are 
appropriate to analyze. The number of OD pairs between an access and an egress station 
including alternative routes are 294 that correspond to 445 different railway routes. 
Average number of routes that form the route choice set is resulted to 2.2 (445 divided by 
199). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.2. Profile of the set 
The profile of the choice set from 199 samples is shown in Table 1, where (1) access 
distance means the distance between home and station, (2) egress distance is similarly the 
distance between egress station and office, (3) line-haul time between both of stations 
includes transferring time, (4) in-vehicle time is defined as the time that deducts 
transferring time from line-haul time, (5) the number of transferring include only the 
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Figure  4. Distribution of office and home. 

1 -  5 
6 - 10 
11 - 15 
16 -  

(persons) 

Office Home 



338 N. Hibino et al. 

transferring between access station and egress station and (6) fare is the price of monthly 
commuting pass. 

Because the railway network in the CBD is much denser than that in residential area, 
the access distance is longer than the egress. Obviously the route without any transferring 
scarcely exists. 
 

 Access 
distance 
(m) 

Egress 
distance 
(m) 

Line-haul  
time 

(minutes) 

In-vehicle 
time 

(minutes) 

Number of 
transferring 
(times) 

Monthly 
fare 
(Yen) 

Lowest 53 42 2 2 0 3,780 
(39Euro) 

Highest 8,685 1,929 142 126 4 52,920 
(551Euro) 

Average 1,318 508 39 34 1 14,316 
(149Euro) 

Cumulative 
frequency of 

95% 
3,500 1,200 75 60 2 27,000 

(281Euro) 
 

3. Generation process of the choice set 

3.1. Creation of exhaustive set including even redundant routes 
The route is divided into three sections (Figure 5.). A couple of the choice sets for access 
and egress stations have been already addressed in the literature [8]. Accordingly the study 
focuses only on the choice set of the line-haul section. 

In order to create the exhaustive choice set at least including all routes that the 
passenger responds, the route search is implemented to each OD pair as follows: for 4 LOS 
of line-haul time, in-vehicle time, number of transferring and fare, the 25 routes from the 
1st to the 25th best are listed from the railway route search soft-ware as shown in Figure 6. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1. The profile of railway route choice set. 
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Figure  5.  Three sections of route 
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3.2. Findings 
Three indicators are introduced to judge the adequate or inadequate choice set as follows: 
(1) the first indicator is the inclusive ratio of actually taken route, (2) the second is also the 
inclusive ratio of actual choice set and (3) the third is the average number of the redundant 
or excess routes that the passenger does not take into account. 

In order to satisfy (1) and (2) completely, 24 routes from both of line-haul time and in-
vehicle time, 17 routes from number of transferring and 22 routes from fare necessitate 
respectively. This means that the creation of the choice set should not depend on the single 
usage of LOS and simultaneously the combination of these 4 LOS needed to be calibrated. 
Table 2 shows several findings, in which LOS with the mark of circle are chosen for 
calibration. The first column of the table where only the combination of 1st best routes 
derived from 4 LOS respectively shows relatively higher ratio of the both of first and 
second indicators. The combination of 1st and 2nd best routes from the second to seventh 
columns on the table as a whole shows much higher ratio of the both indicators in spite of 
the creation of more redundant routes than that of the first column. In particular, the choice 
set adding the number of transferring tends to generate relatively many excess routes, 
where includes plural routes that the number of transferring are the same. Even though the 
third best LOS of exclusive the number of transferring is taken into consideration, it is 
never said to improve three indicators. Due to those calibrations, the study suggests that the 
much recommendable combination is obtained from 1st best routes from all of the 4 LOS 
and 2nd best routes from line-haul time and fare as shown in the table. 

4. Conclusion and future work 
The study concludes followings: (1) such office-based survey which is differ from usually 
implemented home-based survey, is demonstrated to be much convenient to collect the 
alternative route data, (2) although the calibrated samples might be insufficient, a 
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Figure 6. Creation of exhaustive set. 
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recommendable way how to generate the choice set is proposed. Future work should place 
emphasis on how to diminish the number of redundant routes. The results of this kind of 
studies may instruct the direction towards the improvement of an existent railway network 
from the viewpoint of the passengers. 
 

The best The 2nd best The 3rd best Indicator  
No 1 2 3 4 1 2 3 4 1 2 3 4 First 

(%) 
Second 
(%) 

Third 
(routes) 

1 98.0 91.0 4.5 
2 99.0 94.4 6.5 
3 100.0 99.6 11.3 
4 99.5 95.3 6.2 
5 100.0 100.0 12.1 
6 99.5 96.2 7.3 
7 100.0 100.0 12.5 
8 99.5 95.5 8.8 
9 99.5 97.1 10.2 

Notes: line-haul time, 2: in-vehicle time, 3: the number of transferring, 4: monthly fare 
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