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Estimation of Interregional Mode Choice Models and Value of Travel Time
Accommodating Taste Variation of Individuals
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Shin-hyung Cho - Young-hyun Seo - Seung-young Kho - Sung-mo Rhee

Abstract The system of high-speed and conventional railway vehicles is diversified, and significant technological
development in performance has been achieved. This study analyzed the modal change characteristics; furthermore, it
estimated the value of travel time by improving the travel time and cost for the passenger’s perception of railway. In this
study, we formulate a mode choice model for passengers and compare it with the mixed logit model which reflects indi-
vidual taste variation. In addition, the validity of the analysis is presented through an estimation the value of travel time
using the derived model. For this purpose, a stated preference survey was conducted with 510 people using public trans-
portation. The benefits of time-saving can be accurately determined by estimating the value of time spent on the railway.
Appropriate fares for public transportation can also be estimated.

Keywords : Mode choice, Stated preference survey, Value of time, Multinomial logit model, Mixed logit model
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Table 1. Summary of estimation of value of travel time.
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Trip purpose .
Researcher Mode Data Year Unit Remarks
Business | Non-business
Auto 14,990 Won/vehicle-hour
Bus Marginal rate of 58,561 Won/vehicle-hour
KDI(2008) : argnat rate 2007 : Manual
Freight income + SP 16,571 Won/vehicle-hour
Rail 5,602 Won/person-hour
KRIHS(2003) Auto Sp 2003 7,275 ‘Won/person-hour -
Lee ef al.(2004) | Auto, Rail, Bus SP+RP 2003 17,100 10,800 Won/person-hour -
Lee et al.(2016) Auto SP 2013 11,358 8,600 Won/person-hour -
Cho and Kim RP
Auto . 2002 13,306 Won/person-hour -
(2007) (National travel survey)
Lee et al.(2003) Auto Sp 2003 9,369 6,307 Won/person-hour -
KOTI(2008) Auto, Bus RP 2008 11,321 4,174 Won/person-hour -
RP
Lee et al.(2011) Auto, Bus . 2006 6,873~10,376 Won/person-hour | Time-dependent
(National travel survey)
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Survey on the choice of means for controlling the in-vehicle-time and

access-time of the train

II. Investigation of the choice of means according to the frequency of train operation

Assuming you are moving from Seoul City to Busan City, let’s say there are four ways fo use it.
“Type A- When the time and cost of using a car, an airplane, or a high-speed bus are fixed and the time and
Hello? Thank you very much for taking the survey first. cost of a railway change as shown below, please indicate on the means of transportation you wish to
This survey is a questionnaire for evaluating people’s choice of means of transportation according to select.
the control of the in-vehicle-time and access-time of the train in relation to the "Study on practical
application of wireless communication and control system for general and high-speed railway” conducted
by Seoul National University. Survey results will be used to improve railway signal control systems.
We promise that this questionnaire will not be used for any purpose other than the purpose of the
work, or will not be leaked to the outside. I ask for your active cooperation.
2016. 03.
Transportation Laboratory, College of Engineering, Seoul National University
© If you have any inquiries, please contact the researcher at the Seoul National University,
Shin-Hyung Cho(02-880-7377). 70,000W¢
© This research is a part of the R & D project ordered by the Korea National Railroad Technology wdEsan
Promotion Agency and supervised by the Korea Railroad Facilities C: Express Bus
Shour 05min
‘ Name ‘ ‘ Date & Time l ‘ 3hour 05min 34,300Won
\ Place \ | Confirmation | | 61,100Won
1. Survey on the personal property information and the use of travel means #
1. Please mark your basic information.
a. Gender ( male / female ) b. Ages( Ages) Zhouelermin
c. Number of vehicles ( vehicles) d. Number of household members ( Persons) 76.100Won
e. Job ( Students / Faculty / Business / Official / Self-employment / Housewife / Etc. : )
2. What is your annual household income?
D Less than 30 million won 2) 30 ~ 60 million won
(Monthly average of less than 2.5 million won) ~ (Monthly average of 2.5 ~ 5 million won) Busan
3 60 ~ 90 million won @ More than 90 million won
(Monthly average of 5 ~ 7.5 million won) (Monthly average of more than 7.5 million won)
3. How much does your monthly average traffic spend cost? ) Won
C At Air Express Bus Rail
4. What is the origin and destination of your current / previous trip? at Means & ; =) i
a. Origin : ( )State ( )City ( )address
b. Destination : ( )State  ( )City ( Yaddress Access Time Orin 85min S0nin 25min
. o Inwvebicle Time 4hour 45min S5min 4hour 15min Zhour 40min
c. Please mark all the means of transportation you used for your current / previous trip.
Total Travel Time |  4hour 45min | 2hour 20min | Shour 05min 3hour 05min
( Auto , Taxi , Bus , Subway )
Travel Cost 70,000Won 76,100Won 34,300Won 61,100Won
5. What is the purpose of your current / previous trip? Choice
@ Commute @ Excursions @ Business @ Journey ® Visiting ® Etc.( )
o1 Adiio Air Express Bus Rail 0. Traffic comfort and mobility importance questionnaire
Means
- é =) ; IL1. Please murk O when the traffic service is improved and you are more important than the folloving items.
Access Tine Omin 85min Hrin dsinia Little Little
T T T i | gy | s i R o | gy | e
ant ant
Totl Travel Time | 4hour 45min Zhour 20min Shour O5min 3hour O5min
Teavel Cost 70,00Won 76,100 34,300Won 60000Won B
e Bie Mobility ®|® Comfort
Choice
Mobility : The degree of quickness from one area to another
12 P ™ . T Comfort : The degree of physical and emotional convenience and comfort that you feel while on the move
o Expre:
= A = = IV. Curent Satisfaction Survey of Public Transportation
Access Tine, Omin 85min SOmin 25min IV-1. How satisfied are you with your on-board service?
Tnvehicle Tine how 45min SSmin 4houc 15min Zhows 40min
Moder | [ Litge | Moder
Towl Travel Time | 4hour 45min Zhour 20min Shoue O5min 3hour O5min Public Absolucey | ate Lt (Femme) Licde Gl | Absoluely Public
cans tisfaction | Satisfa | 0 ¢ tisfa | Satisfaction cans
Travel Cost 0,000Won 76,100Won 34,300Won 54000Won ction | €tO0 cton | ciion
Choice
Railway ® ‘ @ @ @ ] @ @ @ ® Bus
I3 Air Espress Bus Rail
Halo L IV.2. How satisfied are you with the use of public facilities between the means of public transportations?
- ’l‘ =] ; Moder | 200 Litde | Moder
= = = Public Absolutely | ate | it ule | "ate | Absolutely Public
Access T Onin 85min Sonin 25min okite te | Satista | Same | Satisfa | 2" solute
Means Satisfaction | Satisfa . : Satisfa | Satisfaction Means
Tnsehicle Time 4bour 45min SSmin dhour 15min Zhour 10min ction | <17 ction | crion
“Toal Tawl T bour 45min Zhowr 20min Shoue OSmin Zhows 35w
oul Yol Tiwe | howe & min Railway @@@@@@@@‘@ Bus
“Travel Cost 70,000%Won 76,100Won 34,300Won 50,000Won
Choice V3. How satisfied or dissatisfied are you with the ease of booking and accessing public transportation?
Moder | 1 iide | Moder
o4 Air Express Bus Rail Public Absolutely | ate | Litte Litte | "oie | Absolutely Public
Auto Saion te | Satisfa | Same | Satisfa | ¢ 2 ol
Means Satisfaction | Satisfa | 7. . Satisfa | Satisfaction eans
Means sf2 | " tion ction | 52
- é Q ction ction
Access Time Ommin 85min S0min 15min Railway ® ‘ @ ©] @ ] @ @ @ ‘ ® Bus
Inachicle Tine dhouc 45min Ssmin 4hour 15min Zhour 10min
Towl Travel Time | dhowe 45min Zhowr 20mia Shoue OSmin Zhowe 25win
Travel Cost 0000Won 76,100Won 34,300Won 58,000Won V4. If you have any suggestions for improving railway services, please feel frce to write them.
Choice
I3 Air Express Bus Rl
Auto -
e =) A =] =
Access Tine, Omin 85min Sonin I5min
Inwehicle Tioe houe 45min Ssmin 4hour 15min Zhour 10min
Tol Travel Time | dhour 45min Zhour 20min Shoue OSmin Zhoue 25min
Travel Cost 0,000Won 76,100Won 34,300Won 54,400Won
Choice

Fig. 1. Documents for survey.
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Table 2. Statistics of survey.

Characteristics Share (%) Characteristics Share (%)
~20 5.7 Male 48.0
20~29 38.8 Gender Female 51.8
30~39 153 N.A. 0.2
Age 40~49 11.8 1 10.6
50~59 133 2 14.7
60~ 14.5 3 18.6
N.A. 0.6 Number of household 4 40.6
Business 21.4 members 5 10.6
Commuting 20.0 6 1.6
Trip purpose Leisure/Sightseeing 314 7~ 0.8
Visiting 17.5 N.A. 2.5
Others 9.8 0 16.5
<30 million Korean Won 23.9 1 49.0
30~60 million Korean Won 36.3 Number of vehicles 2 26.7
Household income —
(Annual) 60~90 million Korean Won 24.5 per household 3 35
>90 million Korean Won 13.7 4~ 1.4
N.A. 1.6 N.A. 29
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Table 3. Estimation of multinomial logit model according to travel purpose.

Total
Variables (Businessﬂi)lt(?n-business) Business Non-business
Parameter t-value Parameter t-value Parameter t-value
ASCY auto 0.2424 0.627 -1.3188 -1.369 0.4121 0.952
ASC air -0.0020 -0.006 0.0822 0.111 -0.0270 -0.072
ASC bus -2.1705 -3.149™ -2.0545 -1.437 -2.2803 -3.203"
Travel time -0.0114 -3.701" -0.0146 -2.138" -0.0104 -3.003™"
Travel cost -0.0001 -8.498""" -0.0001 -3.541™ -0.0001 -7.812"

Remark) ASC(Alternative Specific Constant): Constants that reflect the potential characteristics of alternatives
*: 10% significance level

**: 5% significance level

***: 1% significance level

Table 4. Validation of models according to travel purpose in multinomial logit model.

Total . .
(Business+Non-business) Business Non-business
Number of parameters 5 5 5
Number of observations 2,547 559 1,988
Log-likelihood(0) -3,530.9 -774.9 -2,756.0
Log-likelihood(6) -2,089.9 -380.3 -1,679.0
o 0.4081 0.5092 0.3908
/_32 0.4067 0.5028 0.3890

o3t At & 4= Aok FHE 2249 A= (goodness of fitys 7] g ,7)2 (adjusted likelihood ratio index)2] Zk
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Table 5. Comparison of parameters for evaluated models accommodating taste variation.

MMNL MMNL
Normal Dist. Triangular Dist.
. Total Total
Variables . . . . . .
(Business+ Business Non-business (Business+ Business Non-business
Non-business) Non-business)

Parameter| t-value [Parameter| t-value |Parameter| t-value [Parameter| t-value |Parameter| t-value [Parameter| t-value
ASC auto | 1.4692 | 2.406 0.1344 | 0.096 1.1647 1.640 1.1141 | 1.857" | -0.1957 | -0.138 | 1.1932 | 1.686"
ASC air | -0.3758 | -0.656 | 1.0145 | 0.820 | 0.0177 | 0.027 | -0.5726 | -1.018 | 1.1279 | 0.917 | 0.0628 | 0.096
ASC bus | -5.0275 |-4.490™"| -6.3011 |-2.444
Travel time| -0.0273 |-5.191°""| -0.0299 |-2.691
Travel cost | -0.0002 |-9.130""| -0.0003 |-4.329

ok

ddok Aok Ak

-6.2897 |-4.827"*"| -5.0809 |-4.631"""| -7.0420 |-2.729""" | -6.3226 |-4.861"""

dkk sk

-0.0232 |-3.845""| -0.0276 |-5.358"""| -0.0308 |-2.720"""| -0.0239 |-3.977""

ook Aok

-0.0003 |-8.480"" | -0.0002 |-8.996"" | -0.0003 |-4.423"""| -0.0003 |-8.599"*"

Remark) ASC(Alternative Specific Constant): Constants that reflect the potential characteristics of alternatives
*: 10% significance level

**: 5% significance level

***: 1% significance level

Hokok

dokok

Table 6. Validation of models accommodating taste variation.

MMNL MMNL
Normal Dist. Triangular Dist.
Total Total
(Business+ Business Non-business (Business+ Business Non-business
Non-business) Non-business)
Number of parameters 7 7 7 7 7 7
Number of observations 2,547 559 1,988 2,547 559 1,988
Log-likelihood(0) -3,530.9 -774.9 -2,756.0 -3,530.9 -774.9 -2,756.0
Log-likelihood(6) -1,827.6 -334.0 -1,447.3 -1,837.2 -335.7 -1,447.6
Vs 0.4824 0.5690 0.4748 0.4797 0.5668 0.4747
/_32 0.4804 0.5600 0.4723 0.4777 0.5578 0.4722
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Table 7. Calculation of value of travel time(Standard year 2015) (Unit: Won/person-hour)
Value of travel time
Contents Total
. . Business Non-business
(Business+ Non-business)
Marginal rate of income(Rail) 6,812 22,649 4,535
MNL 6,340 7,953 5,180
. MMNL
Marginal rate of . 7,054 6,819 5,480
Normal dist.
substance
MMNL
. . 7,120 6,651 5,505
Triangular dist.
oU/oTT,
VOT, = ———— 4
' oU/OTC, @
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