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ABSTRACT

This study purposes to examine feasibility of Dual Mode Vehicle (DMV) transport as an access mode to Asahikawa Airport, Hokkaido, Japan.  The study analyses prospected demand of the DMV transport and its business feasibility on the basis of results of passengers’ preference survey that has been conducted to estimate their choice of DMV transport as an access mode to the airport.  The Hokkaido Railway Company (JR Hokkaido) has developed a new type of vehicle that can travel both on roads and railway tracks, interchanging the driving mode. The DMV equipped with rubber tires for roads and steel wheels for rails is expected to realize a transport system which accommodates advantages of both rail and bus transport.
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INTRODUCTION

Although research and development efforts to deliver a vehicle that could run on rails and roadways have been made throughout the world, none of them has been successful.  Hokkaido Railway Company (JR Hokkaido) has developed a new vehicle that can travel on both roads and railway lines.  The “Dual Mode Vehicle (DMV)”, as it is known, has both rubber tires and metal wheels.  It uses the rubber tires for road travel and the metal wheels when it switches to railway tracks.  DMV’s initial development and maintenance costs are lower than a conventional train, thereby it is drawing attention of parties concerned all over Japan and its effective application is being sought.

Introducing DMV to airport access transportation is a possible application.  Asahikawa is the second largest city in Hokkaido, and bus transport is the only available means to access Asahikawa Airport located in the suburbs.  It takes about 35 minutes by bus from the airport to downtown Asahikawa, however, it may take much more time due to traffic jam, notably in wintertime when traffic frequently clogs in the city center because of snowfall.  The reliability of bus service has been an issue to be addressed.  

This study focuses on DMV potentials for the airport access transportation.  DMV could drive on rails from downtown Asahikawa to the closest rail station to the airport and from there it could drive on roadways to the airport.  

This study purposes to examine the feasibility of introducing DMV to airport access transportation through analyses of DMV demand forecasting and its business feasibility on the basis of results of an awareness survey that has been conducted with regard to airport access transport mode choice targeting users of Asahikawa Airport.  It also defines DMV as a public transportation mode and identifies its features in comparison with other transport modes to consider potentials of DMV utilization toward the future.

OVERVIEW OF THE DUAL MODE VEHICLE
Although research and development efforts to deliver a vehicle that could run interchangeably on railway tracks and roadways have been made throughout the world, none of them has been successful.  The Hokkaido Railway Company (JR Hokkaido) has developed a new type of low-cost dual mode vehicle (DMV) as a solution to maintain local railway lines that run in red due to limited number of passengers (Figure 1).  The DMV is able to switch between rubber tires for driving on roads and steel wheels for running on railway tracks (Figure 2 and 3).  The DMV’s basic structure is made by remodeling a microbus body and building steel wheels in it.  In its diesel engine with about 5,000 cc displacement, light fuel oil is used and it reaches a top speed of 70km/h on the rail.  The DMV that takes mere 15 seconds to switch between the road mode and rail mode lifts passengers burden of transferring from a bus to a rail vehicle, or vice versa. 

Specifications of a DMV car and a diesel rail car which is common for local railways in Hokkaido are compared in Table 1.
The price of a DMV is about 1/7 compared with a diesel rail car, and its weight also 1/7 of the rail car, which significantly reduces the vehicle’s weight burden on the rail track.  The gas mileage of the DMV is four times greater than that of a conventional rail car.  Such strengths of the DMV will contribute to its transport cost reduction.  On the other hand, its passenger capacity per car is only 16 people, however, the JR Hokkaido successfully developed a technology to allow the DMV to drive on rails by combining multiple cars, which can be separated to independently drive on roads. 

Signaling systems for the DMV is another issue because the signaling systems for existing railways may not work for the DMV because of its light weight.  Signaling systems for railways usually operate signals, crossings and security alarms by detecting train movements from electric current level changes on rail tracks. A concern is that DMV movements may not be able to be detected by the existing railway signaling system because of its light weight.  Therefore, a signaling system exclusive for the DMV is required for its commercial operation, and a signaling system utilizing GPS, which can be used for any train including the DMV is being investigated toward the future. 

The DMV’s more fragile body than a common train car due to less crush strength and incombustibility also is concerned, however, if making DMV body as rigid and incombustible as a usual train car with additional costs, its greatest advantage “low cost” will be lost.  Efforts led by the Ministry of Land, Infrastructure and Transport are underway to organize guidelines to cover such weakness to secure safety of DMV transport. 

Further, a legal issue specific to Japan remains for actual operation of DMV transport.  Drivers’ licenses for train and bus driving are different, and few train drivers hold bus driving license. Thus, two drivers, one with the bus driving license and another with the train driving license are required to drive a DMV.  The Japanese transport act that does not expect that one driver would drive a vehicle switching between the bus mode and train mode.  Such a legal systems needs to be modified as one driver could drive the DMV to meet the technology development.    

The DMV developed with the aim of realizing low cost local transport is drawing attention of municipalities concerned all over Japan, and its effective application is being sought.  As for research field, there is no existing study about DMV transport.
INTRODUCTION OF DMV TRANSPORT TO ACCESS ASAHIKAWA AIRPORT
Overview of Asahikawa Airport Access 

Asahikawa City with 360,000 population is the second largest city in Hokkaido, Japan (Figure 4).  Bus transport is the only available public transportation to access Asahikawa Airport located in the suburbs of Asahikawa.  As shown in Figure 5, the airport is about 16 kilometers from downtown Asahikawa and it takes about 35 minutes by bus from the airport to the city center.  However, it may take much more time in winter due to traffic jams frequently caused in the city center due to snowfall.  Securing the bus service reliability in Asahikawa has been an issue to be addressed.  
As the railway Furano line is located very close to the airport, citizens of Asahikawa have requested to the administrative organizations to extend the railway line to Asahikawa Airport for more convenient and reliable airport access.  To extend the railway Frano line as requested to the airport, hilly terrains around the airport has been a barrier because laying railway tracks on the terrain has been difficult because of the elevation difference between the Furano line and the airport surrounding terrain with ups and downs.  The maximum grade between the railway Furano line and Asahikawa airport is 6.7 %.  A solution to overcome the hilly terrain and elevation difference between the Furano line and the airport is constructing a railway station under the airport to where the railway Frano line would be extended.  However, this idea cannot be adopted because of the station construction costs cannot be paid off considering the supposedly limited no. of railway users. 

Introducing the DMV to the Airport Access 

The DMV could run on railway tracks from downtown Asahikawa to the railway station nearest to the airport, and there it switches to the road mode to drive to the airport.  It is supposed to meet both requirements, securing reliable transport to access the airport by avoiding traffic jams in the city center and smoothly traveling hilly terrains around the airport.  They used to be difficult to be compatible.  Introducing the DMV to the airport access could overcome the greatest problem, gradient difference between the airport and the railway. DMV transport also is a significantly cost saving option to realize convenient airport access, compared with the way of extending the existing railway line to the airport, because it neither requires laying new rail tracks nor constructing a new railway station.  Thus, the DMB is most suitable transport mode for the airport access because of its low cost and practicality.  

PROSPECTIVE DEMAND FOR THE DMV FOR AIRPORT ACCESS 

Outline of the Questionnaire Survey in Asahikawa

In this study, interview questionnaires on choice of airport access modes were conducted at Asahikawa Airport on November 17 and 18, 2003.  As a result of the questionnaire survey, 210 answer sheets were collected.  No. of male is 111 and that of female is 98.  Their travel purpose is shown as Figure 6 and their transportation mode to the airport is Figure 7.
Employing an Experimental Design to the Questionnaire Survey

This study aims to develop a transport mode choice model to presume profiles of airport users’ switching from existing transport modes including bus and private cars to the DMV to access Asahikawa Airport.  Because the DMV have not yet been put into practical use, revealed preference data (RP data) have not been available, and stated preference data (SP data) obtained by the questionnaire survey were used to be analyzed to develop the airport access mode choice model. This study employed an experimental design to compose the questionnaires which enabled to efficiently obtain SP data because there exist innumerable combinations of factors that affected the transport mode choice. The experimental design included random factors which would affect passengers’ choice of the DMV, and fixed factors which were not supposed to affect passengers’ transport mode choices.  The random factors and two levels for each of them are listed in Table 2. Table 3 shows the fixed factors.  As the fixed factors for bus and private car access, their available service levels are listed.  The random factors were selected because their change might significantly affect levels of transport services. The travel time of the DMV listed as random factor A are those of the cases when it drives at the top speed (1st level -15 minutes), and at the speed the same as that of bus’s (2nd level-30 minutes).  Accordingly, two kinds of the fare of the DMV transport as random factor C were set at 350 yen (1st level) calculated the same as that for usual rail service, and at 650 yen (2nd level) higher than the fare of bus service.  The delay of bus and private car transport as random factor D, as preferable condition, it was defined as “none” (1st level) and as undesirable condition, it was defined “frequent” (2nd level).   

The results of applying the orthogonal array L8 to the random factors are shown in Table 4, and eight types of questionnaires that represent different experimental conditions were developed in accordance with Table 4.  An example of a questionnaire is shown in Figure 8.  Each DMV choice rate from collected questionnaires is shown in rightmost column of Table 4.  

The analysis of variance was used to process the questionnaire results to examine if questionnaire data’s biases that might be brought about by response errors would be allowable to use the analysis results to develop the intended model, and to identify how settings of the factors that composed the questionnaires would be related to the transport mode choice.  Table 5 organizes the results of analysis of variance of the questionnaire data.  The analysis results show that the relationship of the factors A (object of a trip) and D (delays of bus/private cars) are significant with 5% significance level.  And, the factor B (travel time by DMV) and the interaction of B x D are significant at 1% significance level as the factor that influences transport mode choice.  Their contribution ratios clarify that more than 90% of rate variations for choice of DMV transport as airport access mode could be explained by “DMV travel time” and “Delays of bus/private car”. Therefore, when private cars and buses are delayed in winter, while DMV transport operates at regular intervals (travel time-15 minutes), the rate of subjects’ selecting DMV transport becomes high.

The contribution ratio of response errors to the bias of analysis results is 4.61% and it is acceptably small.  It implies that most respondents have answered to the questionnaire properly, understanding well the questions.  Therefore it is considered reasonable that the data collected by the preference questionnaire survey can be applied to determine specifications of a model to presume profiles of passengers’ choice of the DMV for Asahikawa airport access.

Building a DMV Transport Choice Model

The results of analysis of variance (Table 5) found that the interaction of the factor (B) ｘ (D) was significant.  Therefore, a DMV transport choice model was built by using orthogonal polynomials that can reflect the factor interactions as shown in Equation (1). A common logit model was not used because it was not supposed to suitably reflect the analysis results in such a case. 
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Prospective Demand for DMV Transport Service to Access Asahikawa Airport 

The breakdown by purpose and season of the total passengers who travel between Asahikawa Airport and downtown Asahikawa are indicated in Table 6 and Table 7, respectively.  From existing data, annual no. of passengers of Asahikawa Airport is about 962,000 and the rate of passengers whose origin or destination is downtown Asahikawa is 96.4%.  In Table 6, this study focused the purposes of business and private because Equation (1) can not consider the purpose of ‘others’.
The no. of passengers who would use DMV transport service is estimated by Equation (1) and its decrease inversely proportional to the increase in travel time is indicated in Figure 9.  It is based on the assumption that the airport access by bus and private car is not delayed in summertime, and the delay often occurs in wintertime.  The travel time of the DMV is set from 15 minutes to 40 minutes at intervals of 5 minutes.  In Equation (1), DMV fare is not considered because it is not significant as the results of the analysis of variance.

When the travel time of the DMV is set at 15 minutes, the annual no. of DMV passengers is estimated to be about 490,000, and the rate of DMV choice is about 51%.  Even though the travel time of DMV is assumed to be 40 minutes, annual no. of DMV passengers is about 420,000 and DMV choice rate is about 44%.  As for this study, respondents tend to prefer to DMV relatively.  Therefore the change of DMV choice rate is small from the viewpoint of the travel time of DMV that has most impact on DMV choice.
If DMV fare was assumed to be 500 yen, changes of the revenue yielded by DMV transport service by travel time of the DMV are shown in Figure 10.  In a case that the travel time was 40 minutes and DMV fare was set at 500 yen, the revenue for 10 years would be more than 2 billion yen.  The cost for developing a DMV and facilities for its pilot operation was about 97 million yen.  Considering this amount, actual costs for DVM development and its maintenance would be reasonable enough to yield revenues to balance the budget.  

CONCLUSION

This study investigated feasibility of introducing DMV transport to Asahikawa Airport access through analyses of the prospective demand for DMV transport service and its business feasibility on the basis of the results of a preference survey on DMV transport.
Many municipalities all over Japan are considering introducing the DMV to local transportation. Most of them are considering DMV use for transportation for tourism or for securing local transportation in depopulated area where existing transport modes cannot be profitable.  This study proposed the introduction of DMV transport not only from its systematic features but also from transport facilities’ topographical conditions.  Asahikawa Airport is located on hilly terrains where DMV transport features are most useful.  

When its remained issues are solved, the DMV is expected to be a breakthrough vehicle that will overcome transport barriers for which to find solutions have been thought impossible. 
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Table 1. DMV vs a Common Diesel Car
	
	Size
	Price
	Maintenance cost/year
	Gas mileage
	Weight
	Passenger capacity

	DMV
	Height: 2.6 m

Length: 7.3 m

Width: 2.0 m
	20 million yen
	1 million yen
	6.0 km/liter
	6.2 t
	16

	Diesel rail car
	Height: 4.1 m

Length:21.3m

Width: 2.0 m
	130 million yen
	4.4 million yen
	1.4 km/liter
	40.0 t
	90


Table 2. Random Factors

	Factor
	1st Level
	2nd Level

	(A) Purpose of a trip
	Business
	Private

	(B) DMV travel time 
	15 minutes
	30 minutes

	(C) DMV fare
	350 yen
	650 yen

	(D) Delays of private cars and buses
	None
	Often


Table 3. Fixed Factors

	Transport Mode
	Factor
	Level

	DMV
	Arrival time
	50 minutes before fright departures

	
	Delay
	None

	Bus
	Arrival time
	50 minutes before fright departures

	
	Travel time 
	35 minutes

	
	Fare
	570 yen

	Private car
	Travel time
	30 minutes

	
	Parking fee
	Free


Table 4. Random Factor Conditions and DMV Choice Rate for Each Questionnaire

	Sheet No. 
	
	DMV choice Rate (%)

	
	B
	C
	B*C
	D
	B*D
	A
	e
	

	1
	15 min.
	\350
	(1)
	None
	(1)
	Business
	(1)
	51.03

	2
	15 min.
	\350
	(1)
	Often
	(2)
	Private
	(2)
	60.48

	3
	15 min.
	\650
	(2)
	None
	(1)
	Private
	(2)
	50.63

	4
	15 min.
	\650
	(2)
	Often
	(2)
	Business
	(1)
	64.28

	5
	30 min.
	\350
	(2)
	None
	(2)
	Business
	(2)
	54.44

	6
	30 min.
	\350
	(2)
	Often
	(1)
	Private
	(1)
	48.28

	7
	30 min.
	\650
	(1)
	None
	(2)
	Private
	(1)
	51.62

	8
	30 min.
	\650
	(1)
	Often
	(1)
	Business
	(2)
	50.81


Table 5. Results of the Analysis of Variance

	Factor
	S: variation
	f: degree of freedom
	V: variance
	F0: variance ratio
	P: contribution ratio(%)

	(A) Purpose
	11.40
	1
	11.40
	11.12*
	4.79

	(B) Travel Time of DMV
	56.55
	1
	56.55
	55.15**
	25.64

	#(C) DMV fare
	1.21
	1
	1.21
	
	

	(D) Delay of private cars and buses
	32.52
	1
	32.52
	31.72*
	14.54

	#Interaction of (B) and (C)
	1.70
	1
	1.70
	
	

	Interaction of (B) and (D)
	113.03
	1
	113.03
	110.23**
	50.42

	#(e) error
	0.17
	1
	0.17
	
	

	(e) (pooling #)
	3.08
	3
	1.03
	
	4.61

	 total
	216.58
	7
	
	
	100.00


*: significance level 5%, **: significance level 1%

Table 6. Annual No. of Passengers of Asahikawa Airport 

whose origin or destination is downtown Asahikawa
	Purpose
	No. of Passengers
	Rate (%)

	Business
	471,000
	50.8

	Private
	395,000
	42.6

	Other
	61,000
	6.6

	Total
	927,000
	100.0


Table 7. No. of Passengers of Asahikawa Airport 
whose origin or destination is downtown Asahikawa by Season

	
	Summertime

(April – September)
	Wintertime

(October – March)
	Total

	Business
	257,000
	214,000
	471,000

	Private
	216,000
	179,000
	395,000

	Total
	473,000
	393,000
	866,000
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Figure 1. Dual Mode Vehicle
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Figure 2. Front wheels on rails
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Figure 3. Rear wheels on rails
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Figure 4. Location of Asahikawa
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Figure 5. Location of Downtown Asahikawa and Asahikawa Airport
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Figure 6. Respondents’ Travel Purpose
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Figure 7. Transportation Mode to Asahikawa Airport
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Figure 8. Example of Questionnaire Sheet (Sheet No.1 of Table 4)
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Figure 9. Annual No. of DMV Passengers and DMV Choice Rate
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Figure 10. Revenues Yielded by DMV transport by Travel Time
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It is assumed that there are three transportation modes between downtown Asahikawa and Asahikawa Airport as follows.





Free parking





Asahikawa Airport





Asahikawa Airport





Asahikawa Airport





Bus arrives at 50 minutes before fright departures.





DMV arrives at 50 minutes before fright departures.





Home 
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Asahikawa Station
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The travel time is 30 minutes.


Private car does not encounter delay.





The travel time is 35 minutes.


The fare is 570 yen.


Bus does not encounter delay.





Private car





Bus





The travel time is 15 minutes.


The fare is 350 yen.


DMV does not encounter delay.





DMV





Question:


When you go to the Asahikawa Airport on business, how many times do you use DMV out of 10 times?
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