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Abstract

Travel time reduction benefit is the most important benefit item in the feasibility study of
transportation infrastructure investment projects and calculated by using the value of travel time.
The current feasibility study guideline (5th edition) calculate the value of non-business ravel time
in a metropolitan area, using the ratio of the value of non-business travel time to business travel
time calculated based on the nationwide inter-regional traffic survey data of 1999. The
characteristics of metropolitan trips are different from those of nationwide regional trips.
Metropolitan trips have frequent transfers between multiple public transits and long-time commuter
trips. Therefore, this research aims to calculate the value of travel time reflecting traffic
characteristics in a metropolitan area by improving the limitation of current calculation methods.
To reflect these characteristics, this research extracts commuter trips from non-business trips and
calculates the value of travel time for commuter trips. The results of the likelihood ratio test for the
commuter trip model and the non-business trip model are found to be statistically significant. An
integrated public transportation model was also estimated in this study to reflect the trip conditions
of the Seoul metropolitan area integrated fare system. The results of comparing coefficients
between bus and subway in the integrated public transit model indicated that there were no
statistically significant differences between the two modes.

Keywords: mixed logit model, multinomial logit model, nested logit model, probability choice
model, value of travel time
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Table 1. Comparison of business trips value of travel time (auto user) by country

Value of travel time(won)  Percentage of value of travel

Country Raseprdier base year 2014 time to GDP per person
AUS Transport for NSW (2013) 58,506 0.0825%
AUS Austoads (2013) 51,253 0.0768%
NDL Bates (2012) 41,110 0.0752%
GBR Department of Transport (2015) 56,261 0.1156%
FRA Meunier (2015) 50,778 0.1071%
CHE Axhausen et al. (2004) 41,591 0.0785%
USA U.S. Department of Transportation (2011) 28,298 0.0499%
KOR Korea Development Institute (2008) 22,490 0.0823%
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Table 2. Mean and sample ratio of surveyed data

Presence or absence
Mean
Number of passenger car

Trip purpose ~ Mode of In vehicle Out of Travel Number of
samples travel time vehicle travel ~— cost ~ passenger Absence Presence Male Female

Gender

(min.) time (min.)  (won) cars
Business trip Auto 109 31 - 3,584 1.39 0.0% 12.8%  8.0% 4.8%
Bus 58 51 14 1,849 0.84 2.0% 48% 4.1% 2.7%
Subway 55 48 15 1,561 0.87 1.9% 4.6% 3.4% 3.1%
Commute trip  Auto 113 28 = 2,743 1.44 0.2% 13.0% 8.0% 5.3%
Bus 81 47 13 1,581 0.79 3.2% 6.3% 4.3% 5.2%
Subway 54 32 15 1,399 0.87 2.1% 42%  2.6% 3.8%
Non-business  Auto 122 25 - 2,256 1.36 0.4% 14.0%  5.2% 9.2%
trip Bus 148 51 14 1,630 0.85 5.9% 11.5% 6.7% 10.7%
Subway 111 44 14 1,496 0.86 3.8% 93% 5.8% 7.3%

HPE Aot A E RS 15 A g AR o ThebA 88
UE gt 7lQle] B4 o= Ai
o}, Aeipeho] EAJof sidoliz M Zletietel tigh A&l ASE Uetli= tie-EA g4 (alternative
specific constant), B 40l o]l 5L 32 &-8-0l= LRFH(generic variable), 5Lt A4
7F A2 o2 kS 2h= tjorE A M4 (alternative specific variable) 2 F-EH T}, 7]Q1EA M4 AL tiAFAL2]
H, 582 Bt 5 22 ESE]
o2 4A5H3 A= ] FAIE, 24e] ST FAH G, 584 B 55, 582 Hfdia

g2 St g W40 ol Table 37+ 2ok,

o
=3
B[ty
o

Table 3. Definition of variables

Variable Definition

Dependent variable Selection mode Non-selection: 0, Selection: 1
Independent variable In vehicle travel time (min) Auto, public transit in vehicle travel time

Out of vehicle travel time (min) Public transit out of vehicle travel time

(access and waiting time)

Travel cost (won) Auto operation cost, Public transit fare

Presence or absence of passenger car  Absence: 0, Presence: 1

Number of passenger cars Number of passenger cars per household

Gender Male: 0, Female: 1

Ryu(2008)°]l wt2 1 F P A} F3hH]-E Atol o= H| WA 52 A7 YA = o )low, o= tha5414d
(multicollinearity) ¢] A& oF7|sto] H4E2] A B = AohE FHRtetal shgit. spA|RE B 5o QlojA S8
gk oju| & 2= M50 A9 tF3AAd 2AIE ob7Iste et 241710 wtel| whet Mp-E IHAIA EAT 4= QL
TH(Kim et al,, 2005). & A7) 542 FEAHR Y 152 B3 TR 4ol o). whebA] Fa A1t F3

o2

HL80] A% Hl-2 o 851 Hk. ofo] & AFAE EAAZIT BRI G2 B B4 A By
5 A 4B ol Wgo R 2 SRS SYUSS A5t 2 8T40 dS 24t Ud 5
5o A4 % BAA fo4L 71202 SYHSE TASAT TE0R HHH SYRSE 7]
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Table 4. Estimation result of nested logit model by public transit mode

. Business trip Commute trip Non-business trip
Vsl coefficient coefficient coefficient
Alternative specific Bus 2.86242%** 3.34954*** 3.20178***
constants Subway 2.22387%** 3.16379*** 2.87235%**
Alternative specific In vehicle travel Auto -0.06742%** -0.02929* -0.03884**
variable and time (min) Bus —0.04065*** -0.02182%*** -0.01795**
generic variable Subway -0.04286*** —0.02745*** -0.01807**
Out of vehicle Public transit -0.08222* -0.03171 -0.04518
travel time (min)
Travel cost (won)  Auto -0.00016 -0.00014 -0.00024
Public transit -0.00062* -0.00036 -0.00042
Socioeconomic Female 0.56829* -0.64428** -
variables Number of passenger cars 1.53495%** - -
Presence or absence of passenger car - 3.23978%*** 2.85829%* **
Summary statistics Observations: 222  Observations: 248  Observations: 381
Variables: 10 Variables: 10 Variables: 9

LL(B): —-182.2998  LL(B): —-203.3499  LL(3): —348.6880
LL(0): —232.1286  LL(0): —261.7794  LL(0): —415.7709
P 0.215 P 0.223 o 0.161
o 0.172 oo 0.185 P2t 0.140

note: *significance level 0.1, **significance level 0.05, ***significance level 0.01
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Table 5. Estimation result of multinomial logit model by public transit mode

. Business trip Commute trip Non-business trip
Veasklile coefficient coefficient coefficient
Alternative specific Bus 2.89403%* ** 4,14605* ** 3.20438%***
constants Subway 2.01451** 3.75929%* ** 2.80696* **
Alternative specific In vehicle travel Auto -0.07304*** -0.04484** -0.04070***
variable and time (min) Bus —0.04966* ** -0.03653*** -0.02101***
generic variable Subway —0.05069*** —0.04894 % ** —0.02127***
Out of vehicle Public transit -0.08225** -0.06482* -0.04205
travel time (min)
Travel cost (won)  Auto -0.00020* -0.00022** -0.00027**
Public transit -0.00062 -0.00066** -0.00048*
Socioeconomic Female 0.69745** -0.65179** -
variables Number of passenger cars 1.55936*** - -
Presence or absence of passenger car - 3.34427*** 2.86240% **
Summary statistics Observations: 222  Observations: 248  Observations: 381
Variables: 10 Variables: 10 Variables: 9

LL(B): —-182.5759  LL(B): —-207.4976  LL(B): —348.7515
LI(0): —232.1286  LL(0): -261.7794  LL(0): —-415.7709
0213 ot 0.207 P 0.161
o 0.170 o 0.169 o~ 0.139

note: *significance level 0.1, **significance level 0.05, ***significance level 0.01

Table 6. Result of likelihood ratio test

Trip purpose Test statistic Degree of freedom ¥ (0.05)
Business trip 0.5522
Commute trip 8.2954 1 3.84
Non-business trip 0.1270

Table 7. Comparisons of travel time coefficient between buses and subways by different trip purposes

Bus Subway o H B, # 6
Gtz Coefficient S.E. Coefficient S.E. £ statistics rejection
Business trip -0.04966 0.01019 -0.05069 0.01031 0.071054 X
Commute trip -0.03653 0.00847 -0.04894 0.01055 0.917265 X
Non-business trip -0.02101 0.00636 -0.02127 0.00704 0.027405 X
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Table 8. Estimation result of public transit integrated model (multinomial logit)
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Business trip

Commute trip

Non-business trip

Variable . . .
coefficient coefficient coefficient
Alternative specific Bus 2.89195%** 4,15995%* ** 3.20379%***
constants Subway 1.96964* * 3.31173%** 2.79478% **
Alternative specific In vehicle travel Auto -0.07292*** -0.04443** -0.04070***
variable and time (min) Public transit -0.05016*** -0.04007*** -0.02110%***
generic variable Out of vehicle Public transit -0.08241** -0.06110* -0.04198
travel time (min)
Travel cost (won)  Auto -0.00020* -0.00021** -0.00027**
Public transit -0.00060* -0.00058* -0.00048*
Socioeconomic Female 0.69660* * -0.65053** -
variables Number of passenger cars 1.55664*** - -
Presence or absence of passenger car - 3.33688*** 2.86216***
Summary statistics Observations: 222  Observations: 248  Observations: 381

Variables: 9
LL(3): -182.5837
LL(0): —232.1286
0213

25 0.175

Variables: 9
LL(B): —208.5712
LI(0): —261.7794
P 0.203

25 0.169

Variables: 8
LL(B): —348.7525
LI(0): —415.7709
o 0.161
#:0.142

*

note: * significance level 0.1, ** significance level 0.05, *** significance level 0.01
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Table 9. Estimation result of public transit integrated model including commute and non-business (multinomial logit)

. Business tri Commute tri Non-business tri
Vierkblo coefﬁcientp coefficient ’ coefficient ’
Alternative specific Bus 2.89195%** 4.15995%** 3.36097* **
constants Subway 1.96964* * 3.31173%** 2.82022%**
Alternative specific In vehicle travel Auto -0.07292%** -0.04443** -0.04318***
variable and time (min) Public transit -0.05016*** -0.04007*** -0.02680***
generic variable Out of vehicle Public transit -0.08241** -0.06110* -0.04775**
travel time (min)
Travel cost (won)  Auto -0.00020* -0.00021** -0.00021***
Public transit -0.00060* -0.00058* -0.00048%**
Socioeconomic Female 0.69660* * -0.65053** -0.39081**
variables Number of passenger cars 1.55664*** - -
Presence or absence of passenger car - 3.33688%*** 3.03100%***
Summary statistics Observations: 222  Observations: 248  Observations: 629
Variables: 9 Variables: 9 Variables: 9
LL(B): —-182.5837 LL(B): -208.5712  LL(B): —569.7931
LL(0): —-232.1286  LL(0): -261.7794  LL(0): —-683.5524
o 0.213 2 0.203 o 0.166
ot 0.175 P 0.169 o 0.153
note: * significance level 0.1, ** significance level 0.05, *** significance level 0.01

Table 10. Estimation result of likelihood ratio test statistic

Commute  Non-business
Category

trip model trip model
Number of parameters of commute trip and non—business trip models K, 9 8
Number of parameters of public transit integrated (commute and K 9
non-—business) model
Degrees of freedom Degrees of freedom 8
Maximum log-likelihood function value of the commute trip model LV(@) -208.571 —348.753
and non-business trip model ‘
Maximum log-likelihood function value of the commute trip model Ly(B) -569.793
+ non-—business trip model
Likelihood ratio test statistic X 24.93884
Value of »* in degree of freedom 8 and level of significance X(s).0.05 13.36
H, rejection ©)
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A ol b= A O] Atk (Jung, 2009). & Aol A F AL 5P H]-8-] AT BE () FESE 2]
2o A4 xS ¢=HH(right censored (or truncated)) ATFEZZ 71 sto] 25 24 RS =619t
o 23 B YoM = Al FAS Y5t #-54H Maximum Likelihood, MLE)& AFHg-sARF 28 23] It
o A= Al B ol HEEAH Maximum Simulated Likelihood, MSLE)©| AFRETHLee, 2003). A EFo]A
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Table 11. Estimation result of public transit integrated model (mixed logit)

Business trip Commute trip Non-business trip
Variable coefficient coefficient coefficient
(Std. dev.) (Std. dev.) (Std. dev.)
Alternative specific Bus 2.90353%** 30.7779 3.23121%**
constants Subway 1.97965** 29.5207 2.78128%**
Alternative specific In vehicle travel Auto -0.07305*** -0.04032 -0.05069***
variable and time (min) (0.00023) 0.07723) (0.00059)
generic variable Public transit =0.05024*** -0.09770*** -0.02637**
(0.00026) (0.00902) (0.01689***)
Out of vehicle Public transit -0.08302* -0.30190 -0.03681
travel time (min) (0.00883) (1.4658) (0.00078)
Travel cost (won)  Auto -0.00020* -0.00173 -0.00031**
(0.21D-05) (0.00174) (0.66D-06)
Public transit -0.00060* -0.00122 -0.00051*
(0.93D-05) (0.00089) (0.53D-04)
Socioeconomic Female 0.69853* -3.69972 -
variables Number of passenger cars 1.56113%** - -
Presence or absence of passenger car - 28.3310 2.97297%***
Summary statistics Observations: 222  Observations: 248  Observations: 381
Variables: 14 Variables: 14 Variables: 13

LL(B): -182.5739  LL(B): -200.0828  LL(B): —347.9639
LL(0): —232.1286  LL(0): -261.7794  LL(0): —-415.7709
P 0213 P 0.236 2 0.163
o 0.153 P 0.182 Pt 0.132

significance level 0.1, ** significance level 0.05, *** significance level 0.01

note: *
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Table 12. Estimation result of value of travel time by trip purpose and mode (unit: won/hour - person)

Category Business trip Commute trip (exclﬁliirilr;gbucs(i)rr:rsljugpt 59

Passenger car users 21,876 12,694 9,044
Public transit users 5,016 4,145 2,638
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Table 13. Out of vehicle value of travel time ratio over in vehicle value of travel time (unit: won/hour - person)
. . . Non-business trip
Category Business trip Commute trip (b GommuED (6)
In vehicle value of travel time 5,016 4,145 2,638
Out of vehicle value of travel time 8,241 6,321 5,248
Out of vehicle ratio over in vehicle 164.3% 152.5% 198.9%
kA 0 2 FU] SRR O] Bl 7] AT HAIE B 2 gh& 2=tk European Union(2010)o] A= o
FREA chol Al 24 FAAL ) 710 1641) A2 A28 Aok L2, Jangand Park(2010)°]
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Table 14. Relative size comparison of out of vehicle value of travel time over in vehicle value of travel time

Researcher Value of travel time’s ratio Value of travel time’s ratio (out of vehicle)
(in vehicle) Access time Waiting time

Lee (1995) 1.40 2.95
KOTI (1997) 0.85 3.20
Cho (1999) 1.70
Yang and Son (2000) - 1.65
Kim (2001) 1.07
Son et al. (2007) 1.00 1.53 1.83
Wardman (2001) 1.74 1.47
This Business trip 1.64
research  Commute trip 1.52

Non-business trip 1.99

(excluding commute trip)
source! Jang and Park (2010) re—quoting and revise
note: Relative ratio of out of vehicle value of travel time when the in vehicle travel time value is 1.00
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sholl QIZshl hSshe AL & 4 GLor] BRERL TFILE o84, MG FAL 587 ol §ape] Ay By
A2 o] B Sl Hla && Aow

o,
Rod

Table 15. Estimated direct elasticities

Categor Business Commute Non-Business

gory Auto Transit Auto Transit Auto Transit

In vehicle travel time -1.1555 -1.2117 -0.6748 -0.7413 -0.6917 -0.3236

Out of vehicle travel time = -0.5665 = -0.3870 = -0.1936

Travel cost -0.3649 -0.5032 -0.3134 -0.3985 -0.4141 -0.2418
2 A= ANAEE S o]-8-5to] FAHAILE 7HAE A5 B A i 213 9] A deede
o]-gsto] YF-F Yol thet FSFAIZI7IAE Aol 7]& A] A7 thH] v FF S3Fofl et FJAIZ7HA] vl
& Hgsto] v RG] digt SANIIIANE Aolr] thRo] B A Aviele] A vlms olgle Aoz w
S TepA 7]E FRA7EA] 4P A F SAUAlE S o817t FHAITEA] AP A utet & Ao Ay
AIE H| WS H WA 2 S o2 BPAITIAE 4PE e Aot vl Ayt Y5533} v Y
BE o] gt EAXTIEA 4HY AT B WG Bl ol YREe] EANTIIAT} £ Ao vet
Wk Kim et al.(2014) ol A= v G753l BlolA] 5L&38 2] SFAII7IA7F o =2 A o= YT Lee et

al.(2003), Korea Research Institute for Human Settlements(2003)o| A= A3t At 5E 0]85}o] EYA| 7]
£ Aot om H|AFFY ] THAIIIA 7 FLEFY FAAIVIA ELt w2 A0 2 YEhdtt ZF FEAE

EPA771A] Bl A= Figure 13 2t

e (Unit: Won)
21,876

(Business, Auto)

14,074
(Business, Aute)

[ ]
12,694
(Commute, Aut
10,974
(Commute, Auto)
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