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Abstract: In most nations, the value of time (VOT) for cost-benefit analysis (CBA) is mainly calculated based on wage-rate. The VOT for CBA of road projects in Japan are also calculated based on wage-rate, regardless of the purpose or length of trip. The aim of this paper is to show the practical validity of VOT estimated using a route and modal choice model for both intra-city and inter-city trips. This research estimates the VOT using MNL, MXL, and RP/SP integrated models based on both revealed preference and stated preference data. 
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1. INTRODUCTION

In most nations, including Japan, the value of time (VOT) of passengers for cost-benefit analysis (CBA) is mainly calculated based on wage-rate. The VOT calculated based on wage-rate possesses the following problems:
-Calculation of the VOT with wage-rate assumes the principle of a complete market, where the social value of the additional labor is equal to wage-rate, and also assumes that people have the freedom to determine their labor time and leisure time. These assumptions might be unrealistic.
-Travel is not a primary demand but a derivative one. Thus, the VOT depends on the nature of the purpose of travel.  However, VOT based on wage-rate does not consider the purpose of travel.
-Although, in some cases, VOT can dependant on the length of trip and the presence of fellow passengers, it fails to be reflected in wage-rate based analysis. There are some situations where the length of trip may increase the value of the time at the intended destination and the time spent traveling, as it would cost as much to return to the destination on a separate day. There are other situations where the presence of fellow passengers makes the journey more enjoyable. 
Recently, some researchers have tried to calculate the VOT using a route and modal choice model. For example, using survey data from the I-15 Congestion Pricing Project, in San Diego, Ghosh (2000) estimates the VOT using revealed preference (RP) and stated preference (SP) models and also controls for unobserved and observed heterogeneity. Bhat and Castelar (2002) apply a unified mixed-logit framework for joint analysis of RP and SP data to calculate VOT using data drawn from surveys conducted as part of the 1996 San Francisco Bay Area Travel Study for the study. Small et al. (2005) applied a mixed logit model to combined RP and SP data on commuter choices of whether or not to pay a toll for congestion-free, express travel, and found that motorists apply high values to travel time and reliability. Brownstone and Small (2005) also applied a mixed logit model to the same type of analysis. Wardman (2001）reports meta-analysis of a large number of studies on VOT, including “In-vehicle time”, “Walk time”, “Wait time”, “Service headway”, “Interchange”, “Departure time adjustments”, “Search time”, “Late time”, and “Time spent in congested traffic conditions”, and proposes many suggestions about the attributes of VOT.

However, the VOT using choice model is rarely used for practical CBA for road projects in Japan because the VOT based on choice model seems to be unstable and unreliable from a practical perspective, compared to the VOT based on wage-rate. 

The purpose of this paper is to show the practical validity of the VOT evaluated based on route and modal choice model for both intra-city and inter-city trips in Japan. This research evaluates the VOT for intra-/inter-city trip based on route and modal choice using both RP data and SP data collected. 

Chapter 2 provides a description of the methodology of the RP/SP integrated model. Chapter 3 presents the RP intra-city trip data, the SP intra-city trip data, the RP inter-city trip data and SP inter-city trip data. In chapter 4, we estimate the VOT with logit models of each data set, with RP/SP integrated models for both intra-city and inter-city trip. In chapter 5, we evaluate the validity of the VOT estimated with the RP/SP integrated models. Chapter 6 provides a conclusion and points for future development.
2. THE METHODOLOGY OF RP/SP INTEGRATED MODEL
The VOT was estimated using a RP/SP integrated model from pooled RP data and SP data. This method has been used by Ben-Akiva and Morikawa (1990) and Morikawa (1994), amongst others. The methodology of the RP/SP integrated model is outlined below. The explaining variables are classified into RP/SP common, RP (SP) only, and RP (SP) random terms. The VOT was estimated from pooled RP data and SP data.
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3. THE DATA FOR RP/SP INTEGRATED MODEL

Four kinds of data were used (Table 1), RP intra-city trip data, SP intra-city trip data, RP inter-city trip data, and SP inter-city trip data, to develop the MXL model and the RP/SP integrated model for both intra-city and inter-city trips.
Table 1. The Data of the RP/SP Integrated Model

	Data type
	Data source

	RP intra-city data
	Questionnaires on Tokai bypass routes pilot program

	SP intra-city data
	Internet questionnaires

	RP inter-city data
	Nationwide Intercity Person Trip Survey

	SP inter-city data
	Internet questionnaires


3.1 The RP Data for Intra-city Trip
The RP intra-city traffic data was obtained from a user questionnaire on the Tokai bypass routes pilot program from November 2003 to January 2004 (Table 2). Tokai bypass routes consist of four charged bypass routes on Route 1 (Fujieda bypass, Kakegawa bypass, Iwata bypass, and Hamana bypass, in Shizuoka, Japan). Under the pilot program, the tolls for the bypass routes were free in the morning and at night. 
Table 2. The Questionnaire Data on Tokai Bypass Routes Pilot Program
	Period of the distribution
	In January 2004

	Deadline of the collection
	The end of January 2004

	Media of the distribution
	Office near the bypass routes

Chamber of Commerce and Industry etc.
Homepage of the road office

	Number of the collection
	3,350 samples


3.2 The SP Data on Intra-city Trip

The SP data on intra-city traffic was taken from internet questionnaires regarding a choice between tolled or open roads (Table 3).
Table 3. The Internet Questionnaires on Intra-city Trip
	Period of the survey
	November 2004

	Number of samples
	660 samples

	Questionnaires about

daily uses of car
	Frequency, Purpose, Fellow passengers, 

Self-pay or company's expense of the toll on commute trips

	Questionnaires about SP
	Choices between toll road and open road


3.3 The RP Data on Inter-city Trip

Data from the Nationwide Intercity Person Trip Survey 2000 in Japan (by Ministry of Land, Infrastructure and Transport) was used as the RP data on inter-city trips (Table 4).
Table 4. The Data of the Nationwide Intercity Person Trip Survey in Japan
	Mode
	Air, Rail, Ferry, Bus, Car

	Attributes of trip
	Purpose, Origin and destination, Mode et al.

	Attributes of person
	Age, Gender, Area of residence et al.


3.4 The SP Data on Inter-city Trip

Data on SP inter-city travel was taken from internet questionnaires, segregated by mode of transport (Table 5).
Table 5. The Internet Questionnaire Survey on Inter-city Trip
	Period of the survey
	November 2004

	Number of samples
	650 samples (including 417 business samples)

	Questionnaires about
inter-city trip
	Fellow passengers of leisure trips, 

Self-pay or company's expense of the toll on commute trips

	Questionnaires about SP
	Choices among rail, bus and car (100km trip)

Choices among rail, bus and car (300km trip)

Choices between rail and air (500km trip)


4. THE ESTIMATION OF THE VALUE OF TIME
The estimates of VOT were calculated using BL, MNL, and MXL models, for each data set (RP intra-city trip, SP intra-city trip, RP inter-city trip, and SP inter-city trip data). Furthermore, the VOT was estimated using RP/SP integrated model with pooled RP and SP data on both intra-city and inter-city trips.
4.1 The Estimation of the VOT with Each Data Set
The estimates of VOT were calculated using BL, MNL, and MXL models, for each data set (RP intra-city trip, SP intra-city trip, RP inter-city trip, and SP inter-city trip data).
4.1.1 The Estimation of the VOT Using the MNL and MXL Model (Intra-city Trip, RP)
In order to confirm the reliability of the RP intra-city data, the VOT was estimated using the MNL route choice model (Table 6).
Table 6. The Outline of the Route Choice Model
	Applied model
	Multinomial logit (MNL) model

	Vehicle type for analysis
	Passenger vehicle

	Objective of the trip
	Commute, Business, Leisure, Shopping

	Variables
	Time, Cost, Route dummy, Income dummy

	Segmentation
	Existence or nonexistence of fellow passengers


Table 7 summarizes the VOT estimated using the MNL model. Some of the parameters were found to be statistically insignificant. However, the levels of the VOT seem appropriate, and the difference between the cases with fellow passengers and no fellow passenger were deemed acceptable.
Table 7.The Estimation of the VOT Using the MNL Model (Intra-city Trip, RP)
(Yen/hour car)
	
	Commute
	Business
	Leisure 
	Shopping

	Considering only existence or nonexistence of fellow passengers
	With fellow passengers
	2,030
	（6,403）
	5,344
	2,950

	
	Without fellow passenger
	1,682
	（3,570）
	2,450
	2,073

	Changing bypass dummy depending on income
	With fellow passengers
	（2,148）
	（4,672）
	4,927
	（2,508）

	
	Without fellow passenger
	（1,817）
	（3,789）
	（2,661）
	（2,774）

	Applying Bypass dummy only for upper-income earner
	With fellow passengers
	2,245
	4,210
	4,449
	2,837

	
	Without fellow passenger
	2,016
	3,459
	(2,640)
	2,764


* ( ): one or more parameters are statistically insignificant.
Generally, route similarity occurs due to the similarity of the quality or length of section overlap between some routes. In cases where similarity occurs, it is inappropriate to apply a MNL model that has IIA (Independence of Irrelevant Alternative). In light of this the MXL model was estimated to prevent the generalization of error structure. 

The formulation of MXL model is as follows;
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Error terms in the utility function of MNL model are limited to independent Gumbel Distribution, thus, the correlation of error terms among choices is always zero. However, the MXL model has no limitation on the error structure, and the error term can be set to generate the correlation of the error according to the similarity of each choice.
Table 8 tabulates the result of the estimation of the VOT based on MXL model. Most of the results were stable estimates, but in a minority of cases the VOT were excessively over-estimated. This was a result of some cost parameter estimations possessing insignificant values. In addition, some estimates did not converge under the probability oscillation of the coefficient of a bypass-use-dummy.
Table 8. The Estimation of the VOT Using the MXL Model (Intra-city Trip, RP)
(Yen/hour car)
	
	Commute
	Business
	Leisure
	Shopping

	Both time and bypass dummy is normal distribution
	Fellow passengers
	1,987

(-579～4,554)
	---
	8,172
(274～16,072)
	3,240
(3,073～3,407)

	
	No fellow passenger
	1,714

(-579～4,554)
	3,788
(-1,923～9,498)
	---
	---

	Only time is normal distribution
	Fellow passengers
	1,957

(-233～4,147)
	7,747
(1,009～14,484)
	7,856
(-2,070～17,782)
	2,950
(2,801～3,099)

	
	No fellow passenger
	1,708

(-157～3,752)
	4,311
(-2,481～11,102)
	3,776
(-1,248～8,800)
	7,626
(-2,310～17,563)

	Only time is logarithm distribution
	Fellow passengers
	1,743

(707～4,293)
	96,785
(3,073～3,047,986)
	9,331
(628～138,727)
	2,950
(2,866～3,036)

	
	No fellow passenger
	1,529

(618～3,784)
	2,144
(209～22,023)
	2,932
(708～12,146)
	2,178
(527～9,007)

	（Reference）
MNL model
	Fellow passengers
	2,030
	6,403
	5,344
	2,950

	
	No fellow passenger
	1,682
	3,570
	2,450
	2,073


* ( ): 95％ confidence interval based on probability oscillation
* “---”: did not converge
4.1.2 The Estimation of the VOT Using MNL Model (Intra-city Trip, SP)
To confirm the reliability of the SP intra-city data, the VOT was estimated according to income and the presence of fellow passengers. Samples were segmented by the purpose of the trip, using the MNL routes choice model, whilst the choice of route was between toll and open roads (Table 9).

The VOT was estimated with cost parameters, and time parameters separately, and then further segregated by the existence of fellow passengers with samples segmented by the purpose of the trip (Table 10). The result indicates that the presence of fellow passengers increases time value, whilst if the purpose of the trip is shopping and leisure, time value is comparable or lower. This may be because the accompanying passenger makes the drive for shopping or leisure trips more enjoyable.
Table 9. The VOT Estimated with Samples Segmented by the Existence of Fellow Passengers
(Yen/hour car)
	
	Commute
	Business
	Leisure
	Shopping

	With fellow passengers
	2,186
	2,119
	1,521
	1,315

	Without fellow passenger
	1,153
	1,059
	2,321
	1,281


Table 10. The VOT Estimated Setting Different Parameters on Cost or Time by Fellow Passengers
(Yen/hour car)

	
	Commute
	Business
	Leisure
	Shopping

	Type 1
	With fellow passengers
	1,559
	1,779
	1,630＊
	1,325＊

	
	Without fellow passenger
	1,262
	1,156
	1,680＊
	1,266＊

	Type 2
	With fellow passengers
	2,068
	1,835
	1,584
	1,311＊

	
	Without fellow passenger
	1,170
	1,111
	1,905
	1,294＊


*: statistically insignificant
Type1: Time parameters are differentiated by the existence of fellow passengers 

Type2: Cost parameters are differentiated by the existence of fellow passengers

The VOT was estimated with samples segmented by purpose, existence fellow passengers, and the household income (Table 11). In addition, the VOT was estimated with samples only containing employees (Table 12). If the purpose of the trip is commute, business, or leisure, the VOT tends to be high when the annual income is high. However, if the purpose is shopping, there is no obvious tendency for VOT to mirror income.
Table 11. The Results of the VOT Estimation Using MNL Model (Intra-city Trip, SP)
(Yen/hour car)

	
	Commute
	Business
	Leisure
	Shopping

	Annual income:
under 5 million yen
	With fellow passengers
	2,813
	1,456
	1,306
	1,368

	
	Without fellow passenger
	975
	988
	1,458
	1,450

	
	Total
	1,169
	1,064
	1,315
	1,388

	Annual income:
over 5 million yen
	With fellow passengers
	2,021
	2,524
	1,790
	1,290

	
	Without fellow passenger
	1,312
	1,074
	2,774
	1,122

	
	Total
	1,427
	1,424
	1,968
	1,238


Table 12. The Results of the VOT Estimation Using MNL Model (Intra-city Trip, SP)

 (Samples: Employees Only)
(Yen/hour car)

	
	Commute
	Business
	Leisure
	Shopping

	Annual income under 5 million yen
	1,233
	1,025
	1,522
	1,427

	Annual income over 5 million yen
	1,289
	1,405
	1,952
	1,215

	Total
	1,245
	1,291
	1,727
	1,327


4.1.3 The Estimation of the VOT Using MNL and MXL (Inter-city Trip, RP)
To confirm the reliability of the RP inter-city data, the VOT was estimated with the modes choice model. The MNL and MXL modes choice model was developed further and the combination of coefficient distribution types are shown in Table 13. Alternatives modes of transport considered were air, rail, ferry, bus, and car.

In most of the models, the VOT of business trips is higher than those of any other purpose. The VOT for business trips at type N-N is similar to that at Mutoh, Uchiyama (2001), and Institution for Transport Policy Studies (2001). The VOT for sightseeing and private business trips at N-N type is similar to Civil Aviation Bureau Demand Forecasting Model (2001). The results of the estimation at type L-N and type Z-N are higher and therefore, it would appear that the results of the estimation at type N-N is more appropriate.
Table 13. The Combination of Coefficient Distribution Types.
	Name in this paper
	Coefficients of cost and time
	Other coefficients

	Type N-N
	Normal distribution
	Normal distribution

	Type L-N
	Log-normal distribution
	Normal distribution

	Type Z-N
	Normal distribution
（Negative part is set to Zero）
	Normal distribution

	Type Ｎ-Ｎ

(Cost coefficient fixed)
	Normal distribution
	Normal distribution


Table 14. The Results of the VOT Estimation Using MNL and MXL (Inter-city Trip, RP)
(Yen/hour person)
	Model
Purpose
	The Results of the Estimation
	Current Surveys

	
	MNL

Model
	Type

N-N
	Type

L-N
	Type

Z-N
	Type

N-N

(Cost fixed)
	Mutoh, Uchiyama

[2001]
	Institution for Transport Policy Studies 
[2001]

*2
	Civil Aviation Bureau

[2001] *3 

	Business
	11,021
	 10,384
	18,255
	 16,850
	 14,075
	9,348
	10,260
	3,577

	Sightseeing
	8,943
	 4,526
	12,101
	 20,294
	 4,249
	
	5,880
	3,084

	Private
	4,241
	 3,960
	9,363
	 5,727
	 3,061
	
	
	3,237

	 Average*3
	9,179
	 7,818
	15,115
	 15,274
	 9,721
	


*1: Choice model among air, train, bus and car from “The Report of Research on Long Term Transport Demand Forecast”
*2: Choice model of public transportation from “Bulletin Report of Aviation Demand Forecast”
*3: Weighted average with number of samples over 150km with respect to each purpose

4.1.4 The Estimation of the VOT Using BL and MNL (Inter-city Trip, SP)
To confirm the reliability of the SP inter-city data, the VOT was estimated with samples segmented by purpose and distance of trip using the binary logit (BL), and MNL modes choice model. The alternatives of the modes of transport are rail, bus, car, and air.
In the case of both sightseeing and business trips, the VOT tends to be high according to the length of the trip (Table 15). The VOT of a business trip is higher than that of a sightseeing trip for each length of the trip.
Table 15. The Results of the VOT Estimation (Segmented by Purpose and Distance)
(Yen/hour person)
	
	100km
	300km
	500km

	Sightseeing
	1,071
	2,023
	2,112

	Business
	2,049
	3,360
	3,736


4.2 The Estimation of the VOT Using RP/SP Integrated Model
Intra-city trip and inter-city trip VOT was estimated using RP/SP integrated model.
4.2.1 The Estimation of the VOT on Intra-city Trip Using RP/SP Integrated Model

The RP/SP integrated model was developed using the MNL model and the MXL model with RP data (Tokai bypass routes pilot program data) and SP questionnaire data. Since the estimated variables depend on the proportion of RP data and SP data, three different patterns of proportion (RP: SP = 1:9, 5:5, 9:1) were explored.
The VOT estimated with the MNL model are similar to that of the MXL model in spite of IIA (Independence of Irrelevant Alternative) of the MNL model (Table 16). Furthermore, the VOT estimated with the MNL model, using all patterns of RP:SP proportions, are included in the 95% confidence interval of the VOT estimated using MXL model for each purpose of trip.
Table 16. The Results of the VOT Estimation (Segmented by Purpose)
(Yen/hour person)
	
	Commute
	Business
	Leisure
	Shopping

	MNL

Model
	RP:SP = 1:9
	1,271
	1,154
	2,326
	1,492

	
	RP:SP = 5:5
	1,400
	1,976
	2,401
	1,748

	
	RP:SP = 9:1
	1,403
	2,723
	2,454
	2,024

	MXL
Model
	RP:SP = 5:5
	1,236
（596 ~ 1,876）
	1,662
（-60 ~ 3,384）
	2,990
（760 ~ 5,220）
	1,891
（296 ~ 3,487）


4.2.2 The Estimation of the VOT for Inter-city Trip Using RP/SP Integrated Model

The RP/SP integrated model was estimated for business and leisure purposes, pooling RP data (Nationwide Intercity Person Trip Survey 2000) and SP questionnaire data. Three patterns of proportion between the sample of RP data and SP data (RP: SP = 1:9, 5:5, 9:1) were explored.
The VOT estimated with PR data was found to be higher than that with RP data, whilst the VOT estimated with the RP/SP integrated model lies between that with RP data and that with SP data. 

The VOT for business trip is higher than that for the sightseeing trip. This result is consistent with current surveys (Table 17). 
The range of the VOT for sightseeing is wider than that for business. It is inferred that the VOT on sightseeing does not fall within a narrow range because travel behavior and the VOT for sightseeing varies widely.
Table 17. The Results of the VOT Estimation (Segmented by Purpose)
(Yen/hour person)
	
	Business
	Sightseeing

	SP data
	2,049～3,736
	1,071～2,112

	RP data （150km～500km）
	8,478
	5,226

	RP:SP = 1:9 （RP:150km～500km）
	5,637
	1,985

	RP:SP = 5:5 （RP:150km～500km）
	6,013
	2,901

	RP:SP = 9:1 （RP:150km～500km）
	6,568
	3,804


5. VALIDITY OF THE ESTIMATED VALUE OF TIME
Based on the VOT estimated using the RP/SP integrated model, the average VOT was calculated using weighted averages according to the traffic density ratio for each purpose of inter-/intra-city trip. The average time value was found to be 36.41 (yen/minute person) and the range of time value stood at plus or minus 7%. The ranges of the VOT on each purpose are within plus or minus 20%. The VOT estimated in this study was compared with the VOT estimated based on wage-rate in Cost Benefit Analysis Manual of Road Project (Ministry Land, Infrastructure and Transportation, 2003) (Table 18).

The VOT estimated with the RP/SP integrated model (Table 19) was found to be very similar to the VOT applied in the Cost Benefit Analysis Manual which was estimated using wage-rate. Similar to previous studies, the VOT for an inter-city trip is twice as large as that for an intra-city trip. Additionally, it can also confirmed that the VOT estimated with the RP/SP integrated model is appropriate in comparison with the VOT on more than a hundred of models (148 models for intra-city trip and 41 models for inter-city trip) from previous studies (Figure 1).
Table 18. Comparison with the Estimated VOT with Cost Benefit Analysis Manual
	Pattern the of the VOT
	Value

	Cost Benefit Analysis Manual
	Business purpose
	46.70 (yen / minute person)

	
	Non business purpose (over 15 years old)
	38.11 (yen / minute person)

	
	Non business purpose (all age)
	32.58 (yen / minute person)

	
	(Reference) VOT per a car
	62.86 (yen / minute car)

	This survey
(with RP/SP 
integrated model)
	All trip
	29.48 ~ 43.33 (yen / minute person)

	
	Intra-city trip
	24.80 ~ 35.93 (yen / minute person)

	
	Inter-city trip
	50.48 ~ 76.56 (yen / minute person)


Table 19. The VOT Estimated with RP/SP Integrated Model
(Yen/minute person)
	Purpose
	Median
	Range

	Intra-city 
(no fellow passenger)
	Commute
	22.28
	21.18～ 23.38

	
	Business
	32.31
	19.23～ 45.39

	
	Leisure
	39.83
	38.76～ 40.90

	
	Shopping
	29.30
	24.87～ 33.73

	
	Weighted average
	30.36
	24.80～ 35.93

	Inter-city
	Business
	101.71
	93.95～109.47

	
	Sightseeing
	48.24
	33.08～ 63.40

	
	Weighted average
	63.52
	50.48～ 76.56

	All purpose
	36.41
	29.48～ 43.33
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Figure 1. The Comparison the VOT on MXL Model with the VOT in Pervious Studies (Intra-city)
               (Ranges: between “RP:SP=1:9” and “RP:SP=9:1”, Centers: “RP:SP=5:5”)
6. CONCLUSION

The VOT was estimated from RP/SP data (activity based data) due to the fragility of the assumptions on which VOT with wage-rate (resource value) is based. An activity based estimate of VOT avoids the assumption of an established market where people have the freedom to determine their labor and leisure time. 
As a result, 
(i) Analysis clearly shows that the VOT of a business and a commute trip is lower than that of a leisure trip for intra-city trips, while the VOT of a business trip is higher than that of a sightseeing trip for inter-city trips.
(ii) It was found that the VOT for inter-city trips is higher than that for intra-city trips. In addition, the estimate of the VOT on the SP inter-city trip data revealed that the length of inter-city trip increases the VOT. The authors speculate that the longer the trip becomes, the shorter the staying time at the destination, and thus, the higher the marginal utility and VOT.

(iii)The estimated VOT is similar to the VOT in CBA manual based on resource value, and shows the practical validity of the VOT evaluated for both intra-city and inter-city trip in Japan.
Future Developments:
(i) The validity of using internet questionnaire surveys for transport research should be studied as there is doubt over the appropriateness of this as a source of SP data. 
(ii) Research into the reason for the estimated VOT on inter-city trip being twice the value of an intra-city trip is required, as the reason for this tendency is not obvious. The authors suspect that the length of the trip may make the stay at the destination more valuable.

(iii) In this paper, the VOT of passenger transport has been focused on. The VOT of freight transport is also a key factor, especially for the evaluation of a trunk road project. Therefore, it is essential to construct a model to evaluate the VOT of freight transport appropriately.
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