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Abstract: Promoting more environmentally friendly modes, such as rail, has been a popular 
topic globally for decades. However, despite several attempts to promote a modal shift to rail, 
the  Japan  Freight  Railway  Company  has  run  a  deficit  for  many  years.  In  the  absence  of  
effective policies an increase in the usage of rail freight is unlikely as the country has 
experienced a long economic recession and the population is declining. A modal choice model 
was constructed in order to analyze measures to revive domestic rail freight for shipments 
from the Chukyo Metropolitan Area. Rail is so rarely chosen in Japan that a general discrete 
choice model can't accurately estimate this tiny fraction. Hence, in this study we employ a 
method to increase the accuracy of predictions of a rare mode choice, such as rail freight in 
this study, and apply the model to evaluate some measures to encourage a modal shift from 
truck to rail.  
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1. INTRODUCTION 
 

Rail freight in Japan is a rather unpopular mode of transport; like other countries, road 
transport is the most preferred mode for transport of shipments. In Japan, rail freight is 
operated by the Japan Freight Railway Company (JR Freight) which was split and privatized 
from the previous Japanese National Railways (JNR) since 1987. The share of rail freight 
decreased gradually since the bursting of Japanese bubble economy in 1993 (Ito, 2008). 
Current commerce requires a transport service which is quick, flexible with schedules and 
routes, and can provide a door-to-door service. The consignment size is also becoming smaller. 
Trucks can adequately fulfill these requirements, which are underlined by the fact that trucks 
account for almost 60 percent of domestic freight in Japan (Iwasa, 2001). According to 
statistics from the Ministry of Transport (2015), only 4 percent of freight in ton-km was 
transported by rail. Increasing the volume of goods transported is hindered by population 
decline and there is currently no sign of growth in rail freight occurring in the near future. In 
the last few decades, global warming has become a focus of attention across the world. The 
trend toward more environmental friendly modes of goods transportation has also come under 
the spotlight. Rail freight produces 7 times less emissions of CO2 than trucks (JR Freight, 
2015), and thus rail was often chosen to be an alternative choice to trucks. Not only being a 
less polluted transport mode, it is not subject to the same disadvantages of trucks regarding 
safety and traffic congestion. Obviously, residents prefer having less heavy trucks in their 
neighborhoods. Rail freight in Europe is a good example of an attempt to shift toward an 
environmental friendly mode. Although road transport is still the dominant mode, rail freight 
has an 18.6 percent share of all the inland transport options (Eurostat Press Office, 2014). This 
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is the result of efforts to increase the flexibility of the rail option through the establishment of 
multimodal network and transshipment facilities. Japan also has put in much effort to promote 
modal shift in the country, such as subsidies for rail freight to increase its capacity, improve 
routes, and upgrade facilities. In addition, the country provides a subsidy directly to 
companies who attempt modal shift.  Examples include encouraging companies to 
collaborate, firstly on the consolidation of shipments to increase the possibility of using rail, 
and secondly on a reduction the number of empty containers on return trips (Ministry of 
Transport, 2014). Despite these efforts, Japanese rail freight however still has several 
challenges to overcome to be able to compete with other transport modes.  

Chukyo Metropolitan Area is the third biggest metropolitan area in Japan, which has its 
center at Nagoya City, and extends for approximately 60 km to cover mainly Aichi prefecture 
and some parts of Gifu and Mie prefectures. This region is a home to leading Japanese 
industries and is very well facilitated by roads, railways, airports, and seaports. Based on the 
goods movement survey in the Chukyo Metropolitan Area (CMA Urban Transport Planning 
Association, 2008), a large volume of goods are generated in and attracted to this region every 
day, more than 1.2 million and 0.8 million tons per day, respectively. As in other regions, 
trucks dominate all other transport modes for domestic freight, followed by sea freight. Rail 
transport becomes more competitive when shipping for more than 300 km, but this is also a 
suitable distance for transport by sea, which is facilitated by the geography of Japan. Rail 
freight is not only competing with road transport but also with coastal transport. According to 
the fourth goods movement survey in Chukyo Metropolitan Area survey, the share of rail 
increases slightly at longer distances as shown in Figure 1. From an environmental point of 
view, there is no need to compete with coastal transport as it is also an environmental friendly 
mode.  Indeed,  the  shares  of  trucks  are  still  rather  high  although  the  shipments  were  
transported a long distance. Thus, there is a need to find measures to increase modal shift 
from road to rail service. 

 
Figure 1. Share by weight of domestic freight originated from the Chukyo Metropolitan 

Area (Source: CMA Urban Transport Planning Association, 2009) 
 

Discrete choice modeling is a method to analyze the behavior of decision makers on 
their preferences to select among multiple options. This method is very popular in the analysis 
of modal choice. However, in reality, it is very difficult to find a balanced sample set in which 
all choices are relatively equally selected when modeling modal choice behavior. In particular, 
if a choice is very rare such as one or two percent of all samples, often the model has a strong 
bias towards the more popular choice and underestimates the minority choice. Often, although 
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the  overall  hit  ratio  is  very  high,  as  for  example,  in  the  estimation  of  a  rare  choice  of  one  
percent of all samples, if the model has a strongly bias towards the majority, a seemingly good 
model having a 99 percent hit ratio can often poorly predict the occurrence of the minority. 
When modeling the modal choice behavior for freight movement in Chukyo Metropolitan 
Area, a similar problem occurred due to the unpopularity of rail freight. Without a method for 
correction, rail freight cannot be accurately predicted using a normal discrete choice model. 
However, most researches neglect to address the problem of rare mode choice and leave the 
rare choice underestimated. Therefore, in this paper, we present and discuss a method to 
improve the accuracy in predictions of rare options, such as rail freight, in order to reduce the 
problem of underestimation of the unpopular choice. Later, the estimated models are used to 
evaluate  some  measures  to  promote  a  modal  shift  from  truck  to  rail  in  the  Chukyo  
Metropolitan Area.  

 
 
2. FREIGHT FLOW IN THE CHUKYO METROPOLITAN AREA  
 
The data used for the analysis in this paper was the fourth goods movement survey in the 
Chukyo Metropolitan Area, which is the latest survey done in 2008. This survey is intended to 
be repeated every 10 years. The purpose of the survey is to understand the behavior of freight 
movements in the region in order to find the best countermeasures to reduce problems caused 
by freight movement, focusing mainly on safety, environmental, and congestion problems. 
Approximately 3,000 companies (22% response rate) had returned valid questionnaires during 
the survey (CMA Urban Transport Planning Association, 2008). The survey consists of four 
parts: (1) the current situation regarding goods movement, (2) opinions on locations, (3) truck 
routes, and (4) the parking situation. In this study, we focus on the shippers’ modal choice 
behavior, and thus the survey on the current situation on goods movement was analyzed. The 
companies are classified into 21 industry types to cover all industries from forestry, mining, 
manufacturers, wholesalers and retailers to the service industry. The companies were asked 
about their scale of business, types of goods, the volumes of goods brought in and out in a day, 
the delivery modes, the locations of the destinations, and other related information.  

In this study we focus on the manufacturing sector, as it is the most likely to adopt a 
modal shift to rail, as in general they send large shipments over long distances to other regions. 
Five manufacturers were considered: Light Manufacturers, Chemical Manufacturers, Steel 
Manufacturers, Fabricated Manufacturers, and Machinery Manufacturers. Furthermore, only 
the  two  modes  of  truck  and  rail  were  considered;  other  modes  such  as  coastal  and  air  
transports were excluded in order to study the modal shift between truck and rail. As rail 
freight is normally used for transport over a long distance, only those goods transported from 
the Chukyo Metropolitan Area to other regions were considered, while the internal goods 
flows within the region were neglected.  

Table 1 shows the percentages of the cases when goods of all types were transported by 
truck and by rail from the Chukyo Metropolitan Area to other regions by different industry 
type of shipper. When considering the modal choice for each shipment, it is appropriate to 
focus on the numbers of cases rather than the total  weight.  From these shares,  rail  freight is  
clearly  seen  to  be  a  very  rare  option  in  this  region;  there  were  only  a  tiny  fraction  of  cases  
(ranging from 0.2 percent to 2.2 percent) when the goods were transported by rail in all 
industries. Obviously if applying a normal binary choice model, the model will extremely 
overestimate the choice of truck and hence underestimate the choice of rail freight. A superior 
method to model rail freight is discussed in the next section. 
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  Table 1. Modal shares in number of cases of goods transported from Chukyo 
Metropolitan Area to other regions (excluding sea and air freights) 

Industry Type  Truck  Rail Total 
(1,000 cases) 

Light Manufacturers 99.0 1.0 9.1 
Chemical Manufacturers 99.4 0.6 16.6 
Steel Manufacturers 97.8 2.2 2.3 
Fabricated Metal Manufacturers 98.6 1.4 1.7 
Machinery Manufacturers 99.5 0.5 16.3 
Wholesalers 99.8 0.2 6.5 
Warehouses 99.0 1.0 11.1 

 
 

3. DISCRETE CHOICE MODEL FOR A RARE MODE CHOICE 
 
Dealing with an imbalanced dataset has gained attention in recent years since, in the real 
world, datasets are often not approximately equal between classes, resulting in problems in 
predictive accuracy towards the minority class. A logistics regression model for rare event 
data was proposed by King and Zeng (2001; 2001) in order to deal with such imbalanced 
datasets. Their work addressed the analysis of binary dependent variables when a choice is 
dozens to thousands of times fewer than another one. The work was applied to analyze 
political conflict events for pairs of countries which were at war each year since World War II. 
Such events are very rare such that the fraction of the conflict events was only 0.34%. Clearly, 
a normal logistic regression cannot satisfactorily estimate this tiny fraction of conflict events. 
Their  proposed  method  is  relatively  simple  to  apply.  A  Monte  Carlo  simulation  is  used  for  
making a biased dataset to which is later applied a method to fix the bias, which is due to the 
random simulation. Many studies using logistic regression on imbalanced datasets can be 
found, such as an application on natural hazards by Guns and Vanacker (2012). In this study, 
their method for logistic regression for a rare event is applied to analyze the binary choice 
between rail and truck for deliveries by shippers in the Chukyo Metropolitan Area. 

Preparing a biased dataset for the estimation is also crucial for the estimation. King 
and Zeng (2001; 2001) discussed this issue of data collection on rare events. Choice-based 
sampling is the strategy of selecting the rare cases by collecting the rare observations 
randomly, or collecting all those available and randomly selecting their opposites. Case-cohort 
is  a  method  to  subsample  to  use  all  the  rare  cases  and  a  random  selection  of  the  opposites  
from a large cohort. Chawla (2010) also discussed some sampling techniques used for 
balancing the imbalanced datasets. Over and under-sampling methods are both popular 
techniques to deal with the imbalanced datasets. In details, they can be explained as follows:   
(1)  Undersampling (Reducing the majority): This method reduce the number of the 

majority class using Monte Carlo simulation to randomly select a sample from the 
majority class in the original dataset until the majority class has a balanced sample with 
the minority class.  

(2)  Oversampling (Increasing the minority): Instead of randomly eliminating the majority 
samples as in the previous technique, this method uses Monte Carlo simulation to 
randomly select a sample from the minority class in the original dataset and make a 
replication  from  the  selected  sample.  This  process  repeats  until  the  minority  class  has  a  
balanced number with the majority class.  

In addition, Chawla (2010) noted that both methods have short-comings; the 
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under-sampling can potentially remove certain important samples, while over-sampling can 
lead to an overfitting problem on the multiple copies of the minority class. An overfitting 
problem happens when a model describes the errors instead of the underlying relationship.   

Based on King and Zeng (2001), given ˆ is the bias estimation of parameters using 
the biased dataset prepared previously from the over or under-sampling techniques, the 
probability that shipper i  chooses rail for a shipment, in which 1=Yi  if rail is chosen and 

0=Yi  otherwise, can be formulated as:  

 
)(+

=)|=(Y
i

i x ˆexp1
1ˆ1Pr       (1) 

When,    
ix

 
is a k1 vector of explanatory variables. 

ˆ  is a 1k vector which contained 0
ˆ  as a constant term and estimated 

parameters corresponding to the explanatory variables.  
 After obtaining the biased parameters ˆ , the prior correction is applied to correct 
the bias from using the biased dataset. This requires prior knowledge on the fraction of the 
rare  event  in  the  real  world.  Given  the  proportion  of  the  rare  choice  in  the  population  as   
and the proportion of the rare choice in the biased dataset is y . Applying the prior correction 
method, by leaving other parameters unchanged, the correction is applied to the intercept. The 
corrected intercept, 0 , becomes: 
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y
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1
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When,   0
ˆ is the bias estimated intercept from using the biased dataset for the estimation.  

 This prior correction method is relatively easy in practice as any logistic regression 
software can be used for an estimation of the biased parameters and later applying the above 
correction term at the intercept. In this study, JMP statistic software was used for the 
estimation of the logistic regression.   
  
 
4. CALIBRATION RESULTS 
 
As goods of different types are varied in size and weight, in order to reduce the errors, we 
thus calibrated the modal choice models for the delivery of the main products by each 
industry types of shipper, including (1) Light Manufacturers for Light Industrial Products, (2) 
Chemical Manufacturers for Chemical Products, (3) Steel Manufacturers for Metal Products, 
(4) Fabricated Metal Manufacturers for Metal Products, and (5) Machinery Manufacturers for 
Metal Products. Other industries such as Wholesalers and Warehouses are excluded in this 
study as the delivery distance of these industries are rather short and thus are unpromising for 
a modal shift. The classifications of industry type and product type are based on the fourth 
goods movement survey in Chukyo Metropolitan Area. Freight forwarder sometimes involved 
in the delivery process; the shipments are mixed between using freight forwarder or their own 
transport. Here, to reduce the complexity, the choice of freight forwarder is not considered 
separately but the related costs were calculated based on the original respondents’ choice.  

Delivery by rail requires feeders’ trips by trucks to the stations, and thus the main 
delivery mode identifies the modal choice of each shipment. The explanatory variables used 
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to predict the binary modal choice behavior of shippers are listed in Table 2. Much of the 
necessary information was not available in the survey data. The survey included the 
shipment’s destination, weight, and delivery frequency were in the questionnaire, but did not 
include other variables such as cost, travel time, and distance. These were calculated based on 
secondary sources such as the delivery time table, fare table, travel time by road from the 
navigator, and so on. The dependent variable 1=yi , when shipper i  chooses to deliver by 
rail and 0=yi  for truck delivery.  

 
Table 2. Explanatory variables used for model calibration 

Parameters Explanatory variables Unit 

 
Door-to-Door transport cost difference between 
truck and rail  
(Rail cost – Truck cost) 

10,000 yens 

 Delivery time difference between truck and rail  
(Rail delivery time – Truck delivery time) Hours 

 Distance difference between truck and rail  
(Rail delivery distance – Truck delivery distance) Km 

 Distance to the nearest rail station  Km 
 Delivery cost to the nearest station  10,000 yens/ton 
 Distance to destination Km 
 Weight of shipment Tons 
 Delivery frequency  times/year 

 Dummy variable for destination-Hokkaido 
(1 if the destination is Hokkaido and 0 otherwise) - 

 Dummy variable for destination-Fukuoka 
(1 if the destination is Fukuoka and 0 otherwise) - 

 
Dummy variable for 30ft container facility 
(1 if a 30ft container can be handle at the rail station 
and 0 otherwise) 

- 

 
Dummy variable for 20ft container facility 
(1 if a 20ft container can be handle at the rail station 
and 0 otherwise) 

- 

 
Dummy variable for the industry of destination 
(1 if the destination is Machinery Manufacturer  
and 0 otherwise) 

- 

 
We tried both Undersampling and Oversampling Sampling techniques at different 

sampling proportions including 1:1, 1:5, 1:10, and 1:20. Undersampling is to reduce the 
number of samples of truck choice. As an example of a 1:1-Undersampling for Light 
Manufacturer,  in  the  survey  dataset,  61  samples  chose  rail,  thus  an  equal  amount  of  61  
samples  was  selected  randomly  from  all  4,746  survey  samples  of  truck  using  Monte  Carlo  
simulation. Likewise, in case of a 1:10-Undersampling for the same industry type, the dataset 
should contain 61 samples of rail and 610 samples of trucks (10 times of rail); these 610 
samples were randomly picked from the original dataset. A 1:5-Undersampling dataset was 
also prepared in the same way. On the other hand, when making a 1:1-Oversampling dataset 
for the same industry, all 61 rail samples were at first selected. We still need another 4,685 
(4,746 minus 61) rail samples so that the number of rail samples is equal to the number of 
truck samples, which makes the proportion of rail to truck 1:1 (4,746 of rail and 4,746 of 
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truck). Thus, the replication of the rail samples to produce 4,685 further samples was made by 
randomly picking from the rail survey samples using Monte Carlo simulation. In case of 
1:10-Oversampling, in the same way, the biased dataset included all 61 rail samples and the 
replication of rail samples 413 (474 minus 61) times, to make the proportion of rail to truck 
samples become approximately 1:10 (474 of rail and 4,746 of truck). A 1:5-Oversampling 
dataset was also prepared in the same way. Also, for each industry type of shipper, three 
datasets was made for each proportion and each sampling method. This means a total of 18 
biased datasets were made, which along with the original dataset, were used for estimation in 
each industry type.  

The  fractions  of  rail  usage  in  this  study  are  extremely  low.  The  proportions  are  
0.0127 for Light Manufacturer (4,746 truck samples vs. 61 rail samples), 0.00627 for 
Chemical Manufacturer (9,028 truck samples vs. 57 rail samples), 0.0213 for Steel 
Manufacturer (2,117 truck samples vs. 46 rail samples), 0.0264 for Fabricated Metal 
Manufacturer (774 truck sample vs. 21 rail samples), and 0.00888 for Machinery 
Manufacturer (7,705 truck samples vs. 69 rail samples). The results shown in Table 3 are the 
comparison between the calibrated parameters using the original datasets and the selected 
biased datasets that gave the best hit ratios. The type of the best dataset is indicated in the 
sampling method in Table 3. At first, all parameters in Table 2 were used and the parameters 
in Table 3 are important parameters to each model. 

In overall, trucks are the favored delivery option for most shipments. In some 
industry types, the intercepts were not significant and thus removed from the models. Looking 
into the details of each parameter, the parameters 1, 2, and 3 indicate the cost differences 
between two options. As expected, the signs of the calibrated parameters 1 and 2 are 
negative;  the  shippers  prefer  the  choice  that  gives  the  lower  cost  and  delivery  time  for  
delivery of a shipment. In this study, 3 is not significant in any model, indicating that 
difference in the distances to be traveled is not important in the choice between truck and rail. 
This seems to indicate that the effects of these differences are entirely mediated by any impact 
these differences in distance might have on cost and delivery time, which is unsurprising. 4 
and 5 are both negative, meaning that the lower the distance to the nearest rail station and the 
delivery cost to the rail station, the greater the possibility that shippers will choose rail for 
delivery. The positive signs of 6 and 7 indicate that the longer the distance to the destination 
and the heavier the weight of the shipment the greater the possibility of using rail. However, if 
the delivery frequency of the shipment is high, trucks become a more attractive option as 
implied by the negative sign of 8. The parameters 9 and 10 are dummy parameters for the 
large cities furthest from the Chukyo Metropolitan Area, which are those in Hokkaido and 
Fukuoka City; the positive signs of the two parameters indicate that rail becomes a more 
attractive option for shipments to these destinations. Especially, for Chemical Manufactures, 
many shipments in this region are transported to Hokkaido by rail. The parameters 11 and 12 
are dummy variables for the availability of special equipment at a rail station to handle 20ft 
containers or 30ft containers. Most of JR freight containers are 12 ft. long, which fits 6 of the 
country's unique 1100 1100 mm2 standard pallets, since most consignments in Japan are 
relatively small. For Chemical Manufacturers, the possibility of using rail for shipments 
increases if the rail station can handle 20ft containers. Likewise, for Machinery Manufacturers, 
the rail option becomes more attractive when the rail station can handle 30ft containers as 
they have larger size consignments. For the shippers of Machinery Manufacturers, a special 
parameter, 13, is introduced as a dummy variable when the destination is also the same type 
of industry (Machinery Manufacturer) since many shipments are sent between the 
manufacturers, and in nature, the shipments between these manufacturers are rather large and 
thus rail seems to be a promising delivery option.  
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Table 3. Calibrated results 
Industry Type Light Manufacturer Chemical Manufacturer Steel Manufacturer Fabricated Metal 

Manufacturer Machinery Manufacturer 

Sampling Method Original  Undersampling 
1:1 Original  Undersampling 

1:1 Original  Undersampling 
1:1 Original  Undersampling 

1:10 Original  Undersampling 
1:1 

Train/Truck 
Ratio 

0.01269 0.00627 0.02127 0.02642 0.00888 
Intercept - -4.35418 -4.68081** -5.06503 -4.64328** -10.00023* - -1.30446 -13.00943** -19.14309** 

- - -0.10269** -0.32652* -0.10462 -0.25072* - - - - 

- - -0.02719* -0.25644* - - -0.21008** -0.20981* - - 

- -   - - - - - - - 

-0.12481** -0.13674   - - - -0.24982** -0.33444** - - 

-1.99380** -3.84053 -0.03114** -1.01563** -0.92772** -0.97761** - - -0.00141** -0.00060 

0.00791** 0.02040*   - 0.00470** 0.02214** 0.00572** 0.00782** 0.00691** 0.01256** 

- -   - 0.04590** 0.00960 9.77664** 6.92338** 0.30549** 1.94330* 

-0.04691** -0.01824* -0.00058 -0.00301* -0.00266*v -0.00440** -0.10449** -0.06906** -0.02957** -0.08238* 

- - 6.99993** 579.89601 - - - - - - 

- - 1.26748** 2.95474 - - - - 2.26762** 4.49506* 

- - - - - - 0.09582 2.38398* 3.85279** 4.36404* 

- - - 6.21053* - - - - - - 

- - - - - - - - 1.88049** 4.36404* 

N - Truck 4746 61 9028 57 2117 46 774 210 7705 69 

N - Train 61 61 57 57 46 46 21 21 69 69 

N - All 4807 122 9085 114 2163 92 795 231 7774 138 

1-LL(Max)/LL(0) 0.828 0.917 0.370 0.867 0.312 0.663 0.465 0.668 0.528 0.809 
Hit Ratio after applying the estimated parameters to all survey samples 

Hit Ratio - Truck 0.999 0.990 0.999 0.988 0.998 0.970 0.992 0.988 0.999 0.983 
Hit Ratio - Train 0.787 0.820 0.298 0.579 0.043 0.500 0.333 0.619 0.348 0.594 
Hit Ratio - All 0.997 0.988 0.995 0.986 0.977 0.960 0.975 0.979 0.994 0.979 

Note: *: significant at 95% confidence level, **: significant at 99% confidence level.
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Considering the hit ratios, when using the original datasets, although the hit ratios 
overall are very high (more than 97 percent in all models); however, for the hit ratio for the 
rail samples the prediction was rather poor. The worst prediction was the calibrated model for 
Steel Manufacturers using the original dataset in which the hit ratio of rail samples was only 
approximately 4 percent. If using the parameters from original datasets, the calibration models 
can hardly predict the usage of rail freight.  

Next, the models were recalibrated again using the biased datasets from the processes 
for undersampling and oversampling at different proportions. The intercepts shown in the 
table are ones after applying the bias correction using Equation (2). Undersampling at 1:1 
proportion  seems  to  be  the  best  option  in  most  industry  types  in  this  study;  except  for  
Fabricated Metal Manufacturers in which Undersampling at 1:10 proportion works best. This 
might because the number of rail samples for this type of manufacturer is relatively low. 
There were only 21 rail samples and thus, when applying the 1:1-Undersampling method, the 
total number of samples becomes too small and caused the estimation to become unstable.  

Applying the recalibrated parameters from the undersampling dataset to the original 
dataset to each industry type, the hit ratios on the rail choice are significantly improved. The 
hit ratios improve from 78.7 percent to 82.0 percent for Light Manufacturers, from 24.6 
percent to 57.9 percent for Chemical Manufacturers, from 4.3 percent to 50.0 percent for Steel 
Manufacturers, 33.3 percent to 61.9 percent for Fabricated Metal Manufacturers, and from 
34.8 percent to 59.4 percent for Machinery Manufacturers. Although, the hit ratios on the 
truck choice reduced very slightly (approximately 1 percent), this method can help to improve 
the prediction of a rare mode choice like rail freight in this study. 
 
 
5. EVALUATION OF MEASURES ON FREIGHT MOVEMENT 
 
Here, the adjusted calibrated parameters in the previous section are applied to each shipment 
in the study area to evaluate two measures to encourage the modal shift from truck to rail in 
the study area, including (1) Establishing a new Off-Rail Station and (2) Subsidizing on rail 
delivery. When using the parameters calibrated from the original dataset, the measures are 
insensitive and the impact cannot be estimated due to highly underestimate of rail choice. 

 
(1) An establishment of a new Off-Rail Station 
 
As  depicted  in  Figures  2  and  3,  in  the  region,  there  are  six  rail  freight  stations  (depicted  in  
Numbers 1 to 6) and two Off-Rail Stations (depicted in Numbers 7 and 8). An Off-Rail 
Station  or  ORS,  as  the  name  implies,  is  a  Japan  Rail  Freight  terminology  for  a  place  
functioning as a rail station but located without rail track. This kind of stations was 
established for shippers’ convenience to use rail for delivery where there was no rail station in 
the neighborhood. The consignments will be brought to the nearest rail station by trucks with 
an additional price under the responsibility of the JR rail freight company.  

Considering the spatial distributions of truck and rail deliveries by zone based on the 
Goods Movement Survey in the Chukyo Metropolitan Area in Figures 2 and 3, the locations 
in red circles in Figure 3 are places where shippers mainly used trucks for delivery and there 
were  only  a  few cases  when shippers  used  a  rail  service.  The  locations  where  rail  was  used  
had rail stations close by. In addition, from the calibrated results, the distance to the nearest 
rail station was an important factor on modal shift for Light Manufacturers and Fabricated 
Metal Manufacturers. The establishment of a new freight station in the neighborhood of these 
industries might encourage the modal shift decision.  
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Figure 2. Distribution of cases of daily truck usage 

 

 
Figure 3. Distribution of cases of daily rail usages 
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Figure 4. Sensitivity Analysis on modal shift from truck to rail after decreasing the distance to  

the nearest station by 10 km. 

 
Figure 5. The location of the proposed Nisshin ORS station and the distribution of rail 

delivery after the establishment 
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In order to find the best location for a new freight station, when reducing the distance 
to the nearest rail stations by 10 km., using the previously calibrated model, the cases, when 
shippers switch to rail from trucks, are as shown in Figure 4. The number of cases increased 
mostly in the dark blue area which covers Nisshin, Togo, and Nagakute cities. Expecting 
increasing possibility of modal shift, a new ORS might profitably be established at Nisshin 
City (called Nisshin ORS hereafter) as shown in Figure 5 in order to improve the shipper’s 
convenience since these cities are far from the rail line.  

The  location  of  the  Nisshin  ORS  station  is  as  depicted  in  a  red  dot  in  Figure  5.  If  
established, the Nisshin ORS would be connected to Nagoya Rail Freight Terminal as the 
closest station and the consignments would be delivered by trucks. In such case, for each 
shipment, the delivery cost and distance by rail will be changed. The additional delivery time 
is calculated from the travel time by car from the new Nisshin ORS to Nagoya Rail  Freight 
Terminal, which is approximately 43 minutes, and estimated transshipment time from truck to 
rail of 2 hours. The delivery cost is also estimated from the newly calculated distance using 
the current cost and distance structure for a 12ft container as goods delivered from Light 
Manufacturers and Fabricated Metal Manufacturers are mainly sent in small containers. The 
estimated distribution of the rail freight usage after the establishment of the proposed ORS 
station is shown in Figure 4. More shipments by rail can be expected in that area as this is 
where most Light Manufactures and Fabricated Metal Manufactures are located. 

The estimated impact of the measure in terms of shares by mode and environmental 
impacts  in  term  of  the  amount  of  CO2 emission  are  as  shown  in  Table  4.  The  shares  were  
calculated only for the expected impacted industries, which are Light Manufacturers and 
Fabricated Metal Manufacturers. The share of rail on these industries is expected to increase 
from 8.5 percent to 9.2 percent and resulting in a slight decrease in the amount of CO2 
emission of1.7 percent.  

 
(2) A Subsidization on Rail Delivery 
 
Many cities in Japan tried to promote a modal shift from truck to rail through subsidization. 
As for example, Miyagi Prefecture subsidized 3,000 yens to each container delivered by rail 
(Nikkei Asian Review, 2012). Similarly, Osaka port also subsidizes 2,000 yens to each 20ft 
container for rail delivery (Osaka City, 2015). Shimonoseki City in Yamaguchi Prefecture put 
even more subsidies, which is a distance and size variant subsidy ranges from 10,000 yens to 
25,000 yens per container, to shippers who never used rail for delivery before (Shimonoseki 
City, 2015).  

In  this  study,  we  assume  a  similar  subsidization  to  that  in  Miyagi  Prefecture  being  
applied to shippers in the Chukyo Metropolitan Area. We apply a subsidy of 3,000 yens to 
every containers sent by rail from the Chukyo Metropolitan Area. From the calibrated models, 
the difference in the delivery costs between the two modes was found to be an important 
factor  for  two industry  types:  Chemical  Manufactures  and  Steel  Manufacturers.  Appling  the  
reduction in the delivery cost of every container by rail to these industries in the region, the 
results  of  modal  shift  are  as  shown  in  Table  4.  The  share  of  rail  freight  to  the  impacted  
industries is expected to increase from 15.8 percent to 17.9 percent, which means a reduction 
on the amount of CO2 emission by 4 percent. 
 
 
 
 
 

Journal of the Eastern Asia Society for Transportation Studies, Vol.11, 2015

785



 

 

Table 4. Estimated impacts 

Measures (1) The proposed Nisshin 
ORS (2) 3,000Yens Subsidization 

Expected Impacted Industries 
Light Manufacturers,  
Fabricated Metal 
Manufacturers 

Chemical Manufacturers,  
Steel Manufacturers 

Share by 
Weight (%) 

Before 
Truck 91.53 84.2 
Rail 8.47 15.8 

After 
Truck 90.8 82.1 
Rail 9.2 17.9 

CO2 (ton) 

Before 
Truck 10069 68703 
Rail 452 5434 
Total 10521 74137 

After 
Truck 9857 65059 
Rail 485 6094 
Total 10342 71153 

Difference (%) -1.7 -4.0 
 
 
6. CONCLUSION 
 
This paper has presented a method to improve the predictive accuracy of a rare mode choice 
in a binary choice analysis, such as rail freight is in the Chukyo Metropolitan Area where the 
fraction of rail freight by industry type of shipper ranges from 0.6 to 2.6 percent (calculated 
by the number of cases). The technique is to prepare a new biased dataset which has a more 
balanced number between the majority and minority classes and use the dataset to recalibrate 
the modal choice model. The bias is later corrected using the prior correction method. 
Considering the hit ratio of the rail choice, this technique can significantly improve the 
prediction of the minority, compared to the calibrated parameters from the original datasets. In 
addition, two methods to prepare a biased dataset, the over and under-sampling methods were 
used to calibrate the model for each industry type of shipper. In this study, the predictive 
accuracy of the undersampling method was better in all industry types. This is might be due to 
the oversampling technique causing an overfitting problem. However, the undersampling 
method also risks the elimination of good samples of the majority; whereby, in this study, a 
couple of undersampling datasets were made in order to find the best dataset that gave the 
highest predictive accuracy.  
 The calibrated models were applied to evaluate two measures to encourage a modal 
shift from truck to rail including an establishment of a new Off-Rail Station and subsidization 
on rail delivery. The first measure aims to increase the accessibility to rail stations for 
shippers located further from rail lines, and the latter aims to convince shippers through a 
reduction in rail delivery costs. Comparing these two measures, the subsidization scheme is 
predicted to have a better impact on the modal shift of shippers in this region.  
 However,  there is  still  a need to find a better sampling technique for the analysis of 
imbalanced datasets. Although the undersampling technique has given a significant 
improvement on the predictive accuracy in this study, this method requires considerable effort 
for  the  preparation  of  quite  a  few  datasets  for  each  analysis.  The  measures  assessed  in  this  
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paper are only examples of the application of this prediction model. Other measures such as a 
package of schemes or a more complex structure of subsidization can be evaluated as well. 
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