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ABSTRACT

In response to the growing global concern for the environment, the international community has
recently committed to achieving ’carbon neutrality.” As a result, numerous studies have been
conducted on mode choice models that include carbon emissions as a variable. However, few studies
have established a correlation between individual preferences and carbon emissions. In this study, a
new mode of transportation named sustainable public transit (SPT), incorporating carbon-reducing
transport options like electric scooters, is proposed. Analyzing the individual preferences of
commuters on carbon emissions through factor analysis, a stated preference (SP) survey was
conducted. A mode choice model for SPT was constructed using multinomial logit models. The
results of the analysis showed that gender, income, and specific preferences, such as a passion for
exploring new routes, a preference for intermodal transfers, knowledge of carbon reduction, and
carbon reduction practices, significantly influence latent preferences for SPT. Therefore, this study is
significant as it considers carbon emissions as an attribute variable during the construction of mode
choice models and reflects the individual preference variables associated with carbon reduction.
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<Table 1> Socio-demographics statistics (N=119)
Variables Sample size Ratio (%) Variables Sample size Ratio (%)
Male 66 555 Seoul 45 37.8
Gender* .
Female 53 44.5 Residence* Incheon 15 12.6
20s 28 235 Gyeonggi 59 49.6
30s 27 22.7 < 1.0 million 3 2.5
Age* o
40s 34 28.6 1.0 ~ 2.0 million 7 5.9
50s 30 252 2.0 ~ 3.0 million 31 26.1
High school 13 10.9 3.0 ~ 4.0 million 30 252
. Attending University 11 9.2 4.0 ~ 5.0 million 14 11.8
Education — " Income o
University Graduation 94 79.0 ( 5.0 ~ 6.0 million 7 59
on per
Other 1 038 WO P 760 < 7.0 million 6 50
month)
Professional 21 17.6 7.0 ~ 8.0 million 7 59
Service 14 11.8 8.0 ~ 9.0 million 4 34
Occupation Sales 5 42 9.0 ~ 10.0 million 6 50
Manager/Offi 61 513
ager/Office > 10.0 million 4 34
Other 18 15.1

Note: * = Same as the ratio of “2020 Population and Housing Census”
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B dRol Jfol ek Eate Aey A3 AT (Park and Jung, 2012; Park and Oh, 2014; You, 2014; Jia et al.,
2018; Bao et al., 2019; Song, 2020; Lee et al., 2022; Guo et al., 2023)& #=3sto] AAdstH o, AE 58 4
T2 AR 23S A2 A2 g g dAHPN), F93 S5 AZPT), A4 FT(aP), BaA
FAH(LK), @EATAALH), GoA B =LA 773 3HATH<Table 2>).

<Table 2> Attitudinal indicators and distribution of sample (N=119)

Attitudinal indicator Mean Std.

Passion for Search New Route (PN)

PNI1. I want to try a new route that I haven’t used before. 324 1.03
PN2. If someone suggests a new route to me, I'll try it. 3.64 1.01
PN3.1 try to find better routes in my daily travels. 3.99 0.88
PN4. 1 am willing to change my route if there is a better route than the one I know now. 434 0.78
PNS5. I compare various routes and then choose. 4.10 0.86
Preference for Transfer between Travel Mode (PT)
PT1. I am willing to use more than one modes to get to my destination. 373 1.01
PT2.1 don’t really feel pressured when transferring between modes. 3.35 1.16
PT3. It is unnecessary to use multi-mode in one trip. 320 0.96
PT4. 1 plan my schedule to minimize travel time. 3.99 0.80
PT5. T do not prefer to transfer transportation. 348 0.99

Importance of Punctuality (IP)

IP1. I value punctuality. 441 0.74
IP2. If possible, I avoid transit that is likely to delay my scheduled arrival time. 430 0.78
IP3. 1 am willing to pay extra for punctuality. 3.68 0.88
IP4. I leave home in advance to ensure I will arrive on time and as comfortable as possible 423 0.76
IP5. I am worried that if public transit is slower than usual, my planned schedule will be delayed. 4.36 0.72
Low-carbon Knowledge (LK)
LKI. I believe I know which behavior will lead to carbon emissions increase 3.38 0.90
LK2. I believe I know some tips to reduce carbon emissions and protect the environment 353 0.93
LK3. Promoting the use of new energy vehicles can save resources and reduce carbon emissions 3.79 0.78
LK4. To save energy and reduce carbon emissions is the necessary way to improve the environment 4.03 0.74
LKS. Vehicle emissions is an important cause of environmental pollution 4.01 0.83
Low-carbon Habit (LH)
LHI. I am willing to save energy in everyday life, reducing carbon emissions 3.66 0.86
LH2. 1 try not to use disposable products and to recycle renewable resources. 371 0.90
LH3. I always separate the waste. 439 0.74
LH4. 1 try to use public transit whenever possible to reduce carbon emissions. 3.80 0.94
LHS. I try to give priority to purchasing products from companies that strive to protect the environment.| 3.38 0.84
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Attitudinal indicator Mean Std.

Low-carbon Attitude (LA)
LAL I am willing to pay extra for transit services that reduce carbon emissions. 3.15 1.01
LA2. 1 am willing to change my habits to reduce carbon emissions. 371 0.82
LA3.1 don’t want to make my daily life inconvenient in order to reduce carbon emissions. 333 0.93
LA4. 1 have an interest in environmental organizations activities. 3.83 0.79
LAS. T prefer eco-friendly vehicles over internal combustion engine vehicles. 3.66 0.87
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Q4_1.  There are travel times, travel costs, and carbon emissions of the modes you can use when commuting to work.
Which of the following modes would you like to use?

Car Public Transit SPT
Travel time 18 min 37 min 33 min
Travel cost 2,884 won 1,350 won 2,150 won
. 1,302 g 370 g 113 g
Carbon emission (Car. 100%) (28% of Car) (9% of Car)

<Fig. 1> An example of SP survey (translated into English)
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Attribute level

Mode Attribute
Short distance Long distance
Travel time 18 min / 20 min / 22 min 43 min / 48 min / 53 min
Private Car Travel cost 2,360 won / 2,622 won [ 2,884 won 6,669 won / 7,410 won / 8,151 won

Carbon emission

1,066g / 1,184g / 1,302g

3,330g / 3,700g / 4,070g

Travel time

33 min / 37 min / 41 min

61 min / 68 min / 75 min

Public Transit Travel cost

1,250 won / 1,350 won / 1,450 won

1,450 won / 1,550 won / 1,650 won

Carbon emission

302g / 336g / 370g

945g | 1,050g / 1,155¢

Travel time

33 min / 37 min / 41 min

61 min / 68 min / 75 min

SPT Travel cost

1,250 won / 2,150 won / 3,050 won

1,450 won/ 2,350 won / 3,250 won

Carbon emission

Og / 113g [/ 225g

Og / 467g | 934g

E AFME 2ARHE &3
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Factor Analysis

— -3 o Lwiant to try & new route that | haven't used before.
Latent Attitude: :

‘l If someone suggests 8 new route to me, 'l try it,

Socio-demographi ]
-| I try to find better routes in my dally travels.
EETEI RIS | illing to ch I ":\' if there is a bett te than th Tk ]|
am willing to change my route i e 15 a better route than the one | know now,
New Route . = =
L Compare various routes and then choose. |
|
|
]
|

Age
Gender

Monthly income
i [ aver 3.0 million won

Preference for .- 1 don't really feel pressured when transferring between modes.
Transfer between F-1= [ unnecessary to use multi-mode in one trip.
ravel Mode t ' LPLid one tri

.o Ivalue punctuality.

Importance of R -~»[ If pssitie, | avoid transit that is likely to delay my scheduled arrival time.
Punctuality E --#| | am willing to pay extra for punctuality.
" Tleave home in advance to ensure [ will arrive on time and as comfortable as possible
- Low-carbon [ Lam worried that i publi transi i slower than usual, my plenned schedule will be defayed. |
Travel time Knowledge 5 -#| Promoting the use of new energy vehicles can save resources and reduce carbon emissions

To save energy and reduce carbon emissions is the necessary way to improve the environment
Low-carbon ¥ Vehicle emissions is an impartant cause of emvironmental pollution
2

Habit K 1 arm willing to save energy in everyday life, reducing carbon emissions

I try not to use disposable products and to recycle renewable resources.

4 1 try to use public transit whenever possible to reduce carbon emissions.

Choice E | try to give priority to purchasing products from companies that strive to protect the environmant.

Travel cost

i carbon emission

<Fig. 2> Modeling Framework
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Vm-(mi) =c¢,+y, = {)\121 +/\122 + + /\gm}_HlJi ................................................................................. )
A7 ' SAVT 2,9 FF3(communality)©]H, 2,9 T4 F mNe 82l &t A AT
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<Table 4> Results of factor analysis (N=119)
Latent vriable Attitudinal indicator Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
PNI. 0.791
PN2. 0.843
Passion for Search Now Route PN3. 0.728
PN4. 0.635
PNS. 0.711
Preference for Transfer PT2. 0.649
between Travel Mode PT3. -0.854
IP1. 0.806
1P2. 0.797
Importance of Punctuality IP3. 0.510
1P4. 0.810
1P5. 0.687
LK3. 0.766
Low-carbon Knowledge LK4. 0.760
LKS5. 0.772
LHI1. 0.830
. LH2. 0.801
Low-carbon Habit
LH4. 0.613
LH5. 0.745
Cronbach «x 0.840* -0.926* 0.800* 0.804* 0.800*
KMO Measure of Sampling Adequacy 0.798
Approx &* 974.381
Bartlett Test of Sphericity Degree of feedom 171
p-value 0.000%*

Note: * = Cronbach a > 0.6, ** = p-value < 0.05
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<Table 5> Definition of variables

Variable Definition
Travel time Travel time (min)
Alt ti
e@a ve Travle cost Travel cost (won)
attributes
Carbon emission Carbon emission (g)
Age Age (years)
Demographics Gender 1 if respondent is male, otherwise 0
Income 1 if respondent’s monthly income is higher than 3 millions won otherwise O
PN Passion for Search Now Route (Latent variable)
PT Preference for Transfer between Travel Mode (Latent variable)
Attitudinal - .
. iy Importance of Punctuality (Latent variable)
attributes
LK Low-carbon Knowledge (Latent variable)
LH Low-carbon Habit (Latent variable)
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<Table 6> Estimation results
Commute Leisure
Attribute Shor distance Long distance Short distance Long distance
coefficient coefficient coefficient coefficient
Public transit 0.829 -0.773 -0.502 -2.033*
Alternative specific constant
SPT 0.436 -1.166 -0.776 -2.782%%
) Travel time -0.167*%* -0.237%* -0.261%* -0.164%*
Ai:ﬂ‘?g:eve Travel cost 0,001 0,001 0,001+ 0,001+
Carbon emission -2.65E-04 -1.42E-04 -0.001 1.93E-05
Age Public transit -0.010 -0.015 0.010 -0.010
SPT 0.013 -0.008 0.023 0.002
Demographics Gender Public transit -0.321 -0.343 0.373 1.234%*
SPT -0.745%* -0.064 0.522% 1.446%*
Income Public transit 0.357 -1.028** -0.470 -1.011**
SPT 0.361 -0.905* -0.632% -0.864%*
PN Public transit 0.111 0.253 -0.089 0.050
SPT 0.252* 0.334%+ 0.113 0.159
Public transit 0.670%* 1.396%* 0.747%* 0.666**
o SPT 0.433%* 1.321%* 0.523%* 0.675%*
Attitudinal Public transit -0.019 -0.02 -0.261 -0.233
attribute o SPT 0.196 0.079 -0.131 -0.215
LK Public transit -0.008 0.527%* 0.17 0.243%*
SPT 0.311%* 0.659%* 0.386%* 0.549%*
LH Public transit 0.570%* 0.352%* 0.403%* 0.266**
SPT 0.748** 0.806%* 0.435%* 0.415%*
Sample size 595 595 595 595
L(0) -653.674 -653.674 -653.674 -653.674
L(B) -506.49 -444.493 -521.926 -527.690
o’ 0.225 0.320 0.202 0.193
Value of time (won / hour) 8,360 14,232 12,055 12,270
Note: * = p < 0.1, ** = p <0.05, reference mode: car
VI. 28 9 979 A
715 ste] P E AR FAAE T BAFHE Adstal, Bd ZAS ExEEA, A SaF
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