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Abstract

In studies involving public transport, social welfare improvement is simply explained by the increase
in public transport demand. However, the increase in the demand for public transport is mostly observed
by the change in the frequency of public transport service, and in-vehicle crowding in public transport
has not been an object of concern. This study examines and tries to reveal the cause of the changes of the
social welfare and in-vehicle crowding of the changing public transport from imposing congestion
pricing. We observe that congestion pricing increases in-vehicle crowding in public transport. This
predictable phenomenon is more exacerbated in case of not operating bus-only lane. It should be noted
that in-vehicle crowding is more increased in suburban, but in First-best toll system it tends to get worse
less than it in other congestion pricing systems. We identify that the change of in-vehicle crowding is
affected by the change of proximity of the housing to workplace, the number of commuting trips, and
unpredictable distortion effect of the congestion charge.

Keywords: congestion pricing, general equilibrium model, in-vehicle crowding, mode choice,
public transport
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and Hirte(2012), Rhee and Yu(2013), 1] Rhee et al.(2014) SollA AHeH SEF P22 AFGRIc) SHETF

P2 77 FAA - 7 AP R E FEEA A4 34 (Stochastic part) & SO BEY 4= Y= BPL R
Anas and Kim(1996)& A ¢ & gtet. 5FA]9F Rhee and Yu(2013)2} Rhee et al.(2014)+= Tscharaktschiew and
Hirte(2012)9] k532 Wa}= A 7]2] 2L, Rhee et al.(2014)= ShAe] 248 xgtsta ¢lA] ¢t

¢

2
AT

o Jn > r& o> o e
o7
N
i
o,
o,
)
4>
¢
mln

)
2o ox
o flo o
=

o
of ol

Mo

<

2 A= 77 AR A A9 g o] Thset EAOA £ AR Ao R Qg T tE

o] A EH T s sty Qfo Al 7|8 e e o] ety ShEd S 5oto] ARt

oh Bt S A RE QI AR A B8 Wstet o 5ot dF s A 44 Hake] YRl 1St

7] 918l Rhee and Yu(2013), Rhee(2014), Z12] 1 Rhee et al.(2014)of|A] Akt §-&Eaf HIH 28 B A X Aof gt
Al 583t

29| %

oA N APHEA], 5, &H|et ADES 42 AAE, 7He AR -2 B2 S8t AHE
A e 4= ek, 55 Y & 7Hts QAT & 7HEeE -FrASHA Aol High Sol S 71l Qlof, b B
2| 0] &(FA-8A] e AAFE-A]) 7t F-F el WA A I TH(Tscharaktschiew and Hirte, 2012). p;, w;, r,= WAL
= A= I AR, A, X]W(i‘ﬁiﬁ)% Z1Z) e, B & @R 8|82 249] e o s AR 5
YAzt sk, BT g2 LA TR £ ol oo AW H . wets E4EdE ¢ 7 AeE A

7He QAR ST ARk TR ¢ ¢ GE e =158, Rhee, 20149) 242 9 b 58
B4, =i e FAA-AZ R, a= 79 e A= FA, m2 T

s S8 m =14 ST n =2)02 T,

gl

512

Journal of Korean Society of Transportation Vol.34 No.6 December 2016



YU, Sang-Gyun - BAE, Gi-Mok Article

= ijj - 'LUij - TQZ % —D—'T;gl—g-i EL%/\]ZJ— Mf?"} }\(])4}1\_%1] ng’] _IIE“?:}%% 71%;%]6]'

& o)k 71 ¢ m)E 2HA 2= Aol SRR TN p, 71

= m
A sk, FAEA] ¢ = 7S AESkal 28t (Equation(1). E3F 7HH( ¢ ,m)= E3EF 7HEAIRE

=T =
HE A FBAZE 4 < g & A QRE A7 15 AH|R of 7|4 @' 2 E7 F =Y o], g 2 5
AZEo &2 27} FolE 7% G T AIZe] "rh(Equation(3)).
7HHC e m)E SHE SARMA AT dgw, 2 AL d)" f 57t 7okl @A J FESAN E= 9 o rol H
A7 A7 F Y 2" o185 2" ¢} ¢ & AHettH(Equation(1)). S EW =T A4E A ¢ 7 Al A
&% R(dividend)> & A4 £ = o—/FQH GE A 71 ¢ N2 Yirol 38 5H| 7=l
Hi-EEtH(Equation(2)). AU E2HA Road, & A2t Y 2] 82| A TAYotAL, 6, += i S} Road, =
QAN = AGHER i 7ol FFa7t AAH A 10|11, 187 2 A= 00]ch
Pz g = <8wj - ZtT)df" +R (1)
R= %(ri (4, = 6,,Road,)+ G), G=2Y F"t]" )
H=(8+ 27 )d" +1" 3)

4. 72| 4l

7H e m)e FAA-AE A ST me AEsk EHQW 25t flsh 3714 EAE A3
A WA dANA, 7 Be A7 FAA A 53 moll et 2HF2{z,q,1} & AN

= TAIA 7 YA Hs R FAR -2 A ¢ ofl HiRh #?_‘r‘% 33—’?51 m-g AL, npAe SO A B
=HekE A% FAA-AG R = 2F AEste HFH o= ZAte] ag=atietel =ttt (Figure 1. 719l &
S UM =ul-l+e +e"= 2HA 2", FALA ¢ (), A7 (AR D) o= FAE AL, o470 SEE
2 /98 A (Stochastic part)Q! 71H2] Eol/d(Idiosyncratic taste)o] TIoiA $HJH T €, 7 €)' 2> 174 1]—“” 5
I FST AH A] 7FEe] oS 247 el = w2 (Gumbel distribution) & T2+ A& 4ol

o o
_l

4>

Umh=u"+e¢, +e" =alnz + BIng" ++Inl" +¢, + ¢ 4)

where 0 < o,3,7< 1 18] a+f+y=1

2) i PA0M HFED jRAoR SEHE It

ol

+5|2|, & 344 A 6&, 2016\ 12 >13



Article The Relationship Between Congestion Pricing and In-vehicle Crowding Level in Public Transport

Rents 7,

Residential area Industrial area
Consumption
Prices p;
Households Commodity
Utilities maximization Labor Profit maximization
Ulen :f(z:n’q‘m’l‘m) wages W, X; :f(MI’QJ)
l wages

Travel modes
(Automobile, Public transport)

Travel Cost|(g".2")

Residence ][Empnlyment ]

Figure 1. The structure of spatial model and household’s decision
PO 2 ARME FEolH, P2 o] Tl AHolA m& AHT 2AF Eo|t}. FAA -
9l ;6;% S max,, (u + )7t FEERE 7Pt whet 912 24 (Location parameter)% 002 7H4sta 7|
jage )\MlnEexp)\Mu’” o =2 45}t "rk(Ben—Akiva and Lerman, 1985). X, A\, |HlE O] BATR S
(Dispersion parameter) 24 1/(o/ /6 ) ©]tHBen—Akiva and Lerman, 1985). 0|52 TI}=|AE ez

Pz, = Pz, ><Pm\L O]_]_ ZR’”:l %E}

Lm

expA.S, expA u)’
N R (5)
ZeXpALSr Zexp/\MuL '
QEAF(CEK O] BE4E W AT7Fse Ale] B84F Blmax, (8, +e,)] 0F ZHHHE|EZ,
2012). oju] FHE S| EAo]| mat ¢ o] FHLEO|T max, (8, +¢,) & FHALEO|H, FEWS max, (S, +c,)

9] 712l = Equation(6) 2.2 0] - tH(Ben—Akiva and Lerman, 1985).
W= E[max, (S, +¢,)]= 3 anexp)\LS ®)
L

Equation(6) tARt th-2] A4S 55l olsfislr] 41 Equation(7)& tHA] BT 4 Ath(Anas, 1999).
Equation(7)2] ¢-¥ A H#A] -2 H|Eo]4 §-8(Non-idiosyncratic utilities) 52| HytolH, F HA F2 7149
Eo]Ad o g Qg T E = 7ol §-8-9] Hto|th(Anas and Rhee, 2006).

W= P8 + 5P (~InP) ™
2 L

5
BT g ol8ste] i TN j T T T 5 B F DA S B = NP, P, d" ol 5
= L EUEY, 54%9, Jen SwEYes 74

PRe}FF2 AoE= J o

o
1p
_°|L
rr
o,
W
)

i
]
>,
_0|L
rir
iy
ok
o
iy
o,
iu)
S5

514

Journal of Korean Society of Transportation Vol.34 No.6 December 2016



YU, Sang-Gyun - BAE, Gi-Mok Article

m o] TP g & HENE AEART} Gl AE, S8t s nEsTol E2g ) ARgRtel wet g Tt
g T Zn FPLrke] 2 Alepth(g, = gi') (Equation(8)). a, = A3 A 9] T L L (kn/h)O]
TE AR Qe A, FAY WEAHYEF K, FC = mOR 5o
ot s g g s o) 2 L ErTe] 584k it
(0 > DEHSNESTT A FRIA/MZ el deh o < o) % <1 oJth 8= E5dYS 1502

ARl wet o =1 =1 ofeh,

o 32

mo__
9o — O

F az
1+a2( K“) ] FC, =Y 0" E" ®)

T mo] iFA jHA7A] Dot FHAIL g = g ol ZEAF A& Fot AEH m=29]
A5, TR ARA d71AR waito] F7HATHEquation(9). B2 EFFAE ¢ ©] FHEE AS, T
o m o] 79 7+ X E W= ¢ = Equation(9) 9] $-H F A o] AAE Aol A A AR G g ¢ 0= W
Alste 4Hg gk, o] 2jgh WAl LS| A Bl Er) o] ZIHE F 1P AFS A B8 Er) S AN diE Sdsttt

Zéﬁlg;" ——|— wait(m—1) )

2 AT AR dFnsrTe] A EF L= A ARIASE LOS, (/)28 SAHE ¢, ~
O0LOS,/SE APHT ¢ 9t S= HFWE5TT] 582 SAASOF ARFARA S 77} oJu]star, & dA+tol| ¢ =2.
eF §=26.67n /(P4 F ZAFH ) E 7= 2= e (MOLIT, 2013).

SO R R T R E AFGRIO R Qlof thE BT Fakol A = ARl A QAM] g0l A AFA
Fu-8- 2zt Ao 2 ol m Aot FUsttt. FA o2 AR A BG TC, & TR 713H| G w & A&

R Zw’”F;" D os AAHEY webA, 28] 34491 AR Er) =0TC,/oF,) —w, g, & &

rr

s O}m W

)

Equation(10)2 “Askatt. S 8227 A=A ¢ -7, ga' oA moll Hiet 722 Afebaint,

m

e = S g e (10)
- Fm
m a

o OFC aon
Equation(10) 2] gm = Equation(1DZ AMEN, m=29 7%, o o, + F, = A, ot

(477" = o7 =), AFREST A EEA TR B9, 4] = 0 02 BESEAW, hFLEFT ) &
Ak WS B9 sal foEME TASCloh el —ol/FME ABRC, BF AP a9
AP TP=02 BYEEY, ol ERERT A U LS £ use] S W A9, 1EuEs

o2 2 SR EE Mo A S8Rkt M EE oA FAISE Aoz Fold. ool & dellde Ui

+5|2|, & 344 A 6&, 2016\ 12 >

ol



Article The Relationship Between Congestion Pricing and In-vehicle Crowding Level in Public Transport
W A EHETE FAE A FAE A e Aol A SR Ao BYHE SA5k Bl

89, 09, OFC

a

oF"  OFC, aF™

. 11

= Q10903

[e)}
o
ok
10
re
i
]
0X

ofl

d1 Ho Lo
o
2
N

A2 Kol At Aol =2 wi7hA] F 47HA] SGAE AXA "ok A A e
Sehste} 7h7o] a8t B I 0 2 7ot | e 27kl HEE S gt = A
o olelRt o g el A] 7HLPJ {2 g} B4 { M, Q)7 AR T WA
FHEAL o851 FH7A {1, p,w,} & = Tolt, BANG

o] Ex)%g Faet 7170l EAS0 S tlst 7 1 ATE - 2 Hed Aol w
9] 5-9do] v+ AR 00l 8271 ofef AT 84 P45 o] §oto] =L, hA]uke

a
713 s BEAUS RE R BT T £4E FULF 2 2N 0,2 AT A

mr 1o o
9
EY
ofll

flo o

i s
=]
ox

-9,

i
R}
>,
o2l
oZ
o
1
B
=
b
o2l
H
offt
>
2
:L]
ofl
BN
N
1o
E
ogl

N
N
3
o
2
>
N
1
ol

3
goreorr

ofl

R
E

N
l
I

>

2 off
it
Lo
re
38!
ofl
2
S~
kﬁ
1o
&S
rlr
>
A
1P
ki
i
Bl
At
_C)‘L
£
3
o,
|
i)
>
OE
”2
(@]
é
@]
D
w
o
s
g
o
=
8
o
5
@]
\%
tlo
o,
oo
_O|L
38
= 0

>
rE
=
_\::l‘
o,
lo
El
of
oA
Bl
lo
!
A
o =
oo
ko
ol
=
_hA
el
|
ol
>
N
rlr
_k;‘_l‘
o,
o
I-FU

i EH|8 A4S 95 7e

ATt mpA]e 3%% ]—E.L 12 & AYEA A

7 A= A HiA sl T}Zé m = oq;v_h obAE ol
A

F=LI mln L
=

o,
oy
o ox 19
ol
oo
i)
oX
2
N
Rl 2 o
lo
o
Mo
=2
Jiv)
I,
of ¢
i)
k1
Ju
o
oflt
o
R e

b1oro
S >
y o = 1 g
o >
J
N
1
1o

Kb
=

2
(Iteration) ¥ BLE ZFE0] ¥HE A gHE3 [1075% | 01519l 3¢ dutaago] Ayst Ao = 743t wet
tol2 a8 e ey 7o) gad AHeld =EE NE 7o 28-S ol85te FHF AtEH.

X
>

2 A SR Ao QIS ALSA 3-8 W HIRkE $EFAL Rhee and Yu(2013), Rhee(2014), 12|27
Rhee et al.(2014) 9] F-§-24] PHES §-83Ict o] A7olA TAH FEE PHEL 7|E Luttd slofA] of
H H4-0] Hake-S Roy 2] &524(Roy's identity)= ©]-8-5to] Fold AR 22 Zehd A& Fof wi-7H2
M e o= Qluhs A 7112 It Rhee, 2014). B B8 7 A At & ALSA G4 7 HSkE s 7H
a8 PAEY, HEETS= ZHEHE (r,p,w) & AR 1) O] §40]7] wiZ]| Equation(10) 2.2 %
7Rt

AW V™ dr, LoV™ dp, V™ dw, oV

- N B s T 12

a2 PR G R R 12

a

Equation(12)9] 94 et g2 7} o] 238 or g s ‘HPaiyolw, v 37452 ¢}
{r.p.w) 2 HSAIA ol JFE nj2) P aat o), 717o] agadist Al 7] 915) 2k ]9t Equation(13)
o] ALk, 07=1/(w)" B+ R) & 7 =0 A 0] 1(h= ZPW w2 AR} 718]E1g o],

m

516

Journal of Korean Society of Transportation Vol.34 No.6 December 2016



YU, Sang-Gyun - BAE, Gi-Mok Article
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Dol
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2 Aol TIEEA (Reference city)' = W=7t A=A g oA 7l 0= o] Fo]7l ST A
o]x 30] 7P EAet Al Q] A Al o] th(Figure 2). 7IEEAlE HEE M-8t 0] 2 of ol uhat

>

T 7HA 2 B35 5 11 (Not operating(A) vs Operating(B)), 2% O}Ji A A 2SS4 A THEE 17
FAY 282 &2 ¢ (fixed(a) vs variable(b))o] et 2-5d 7 AP 2] ate}t HFuFSo4H A =%
TEETHTable 2, A Aol = Hg) A 411), 7|FEA](A) <] %& SAEEE 25kn/hro] 1L, 7122 (B) 2] -4,
S8 o] 2| LT = 7|FEA (A} FASHAT, Bt TE = tTns A-8Atzo] A2 Qs 7
T A(A)e] H]sto] E5to] ¢4ake 36kn/hroltt. 7]EE Al (A)2} (B) 9] 5 £9E> 50% Kt =11, ti5
& o] &A= 584} o] Aol HIgte] ARA: th7|ATto] FTE o] FEFY Al 102 F7H= A-H|{IH
A TR F ST S E 932 LOS F(£0.43m’/9D), 79 2(=74 4)+= LOS B(0.84<LOS
B<1.7m*/Q)), 74 1(=74 5= LOS AQ 1.7m*/eh)oJth (A 715 MOLIT, 2013). 7|==A1(A)%t (B) 9] thauF
T A T (0)9] A T2 2BAZIAL dert, S E R Al A 2] dis st A S =
+ 47gslH(Table 2). 2 A4 o] &5 B4 APAT-SolA ARG R4S 7o =, AATA oA A=
A= TAREo] FRAHEE B S F9 d@g}cﬁl o5 B HPoA FUsHA A8 hTable 1).
2 Aol AR E £ R VF‘%} A2 tiF s A-8ARE (A vs B)&F A S 17 f-5-(a vs b)ofl ot
2} pigou toll(FLAY), SB toll (M1 2] E35-3 =), FB tol (JJH—J 25a) 2 R pigou toll2 Equation(8) 2
ATE 1, 583} o §ATF ARl SB toll 3} = 0]- 8217} A4t Ad3l FB toll-> ZH2t =2]all4-& Fofl £-84<0]
Z|ietel= 2ol A TbA, FB tollo] ArElE TA0] Wip = max{ Weg, Wi, t L A2 A4 &
B2 (W, — Woyzen)/(Weg— Wz ) 100, t€ {pigou toll, SB tolll 2 AHelth(Table 29] Y] HA) ).

I
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Table 2= tf&w.
EB tollo]l tigt A%
Y S5 145

AEAZ G vs D% IFLEST A ER4E 14 57 vs bl T2 F4418

84T LT A S4E WHE Mol Sick, AELE N8 60 A

) OI-{TI
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°] 3= (A-a)ollA] pigou toll®] Fth 2 T892 SB tollo]| H|ote] Wt (A-b)I= (A-a)et F-At
S &5 H ol =2]9k SB toll ] -85 A7} FB tollol] B ZAFSHAE 2HIe &= et (B)9] pigou toll (A)
9] pigou tollT} H W} -2 A& G845 Hol5H, H-5o] (B-a)¢] SB toll-2 pigou toll Erte ¥ 8853

Table 1. Reference parameters

Geography (see Figure 2)

Unit section radians: 1.5° in each direction
Radius of the city: 22.5km (Zone length=9km)
Resident—Workers

N = 21,000 household

Gross pop. density=4,700 people/km?

Total time endowment: H = 500

Household’s budget shares: «=0.36, £=0.15, y=0.49
A =3, A;=6 (dispersion parameter)

Annual household income: KRW 38 million
Transport

a,=1/80, ay=0.27, a3=5.32

Figure 2. Physical shapes of the city
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s HolE (A-b)2t B-b)= é@%ﬁ“ Alegol mHE HFLE 8 9}7} YA 27882 HS
S A EHETF Sote] s e S48 2k i}‘ﬂ TE ook 53], =4 o3
A50lA S wEFT 2 iﬂE— o5 oottt (A-b) o] T nFr M A ook diFaE -8t

= 7HAAL e (B-b)oll HIste] vl-¢- S, SHAIRE (A-b)e} (B- b) ROl FB tollo] 2p] 23 ofehs w4
A 5ol vlste] W2 b, o= =& Holrt.

r}OII

Table 2. Relative efficiency and level of service in public transport

. Relative eff. Level of Service (m'/pax)

Bus only lane  LOS in Bus Type %) Zone 3 Zone 4 Zome 5

Not fixed Pigou toll 90.8% 0.379 0.912 2.570
operating (a) SB toll 96.3%
(A) FB toll 100.0%

variable Pigou toll 90.3% 0.305 0.755 2.219

(b) SB toll 98.1% 0.318 0.781 2.280

FB toll 100.0% 0.321 0.795 2.358

Operating fixed Pigou toll 78.4% 0.347 0.851 2.489
(B) (a) SB toll 58.6%
FB toll 100.0%

variable Pigou toll 63.9% 0.348 0.846 2.443

(b) SB toll 97.9% 0.346 0.845 2.454

FB toll 100.0% 0.345 0.846 2.479

Table 3 Table 2] A& 420 2 Y2314 Equation(16)F ol-§3fe] At 2918 5857 Aol
Table 39] 4814 &-2 Equation(12)2] 4 gro]al, thAl A G2 Equation(12)9] $-¥1S g20H =2 Eojst 3,
7o) B85 RS A ghe® v @2 EolshA] £ eabeolth
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59| A a8 WS A TAE Ao ' Aty 22 of, pigou toll %—E%} ol 7H& a-834-e 1t

Al Q7 OIE}(Equanon(M) (15)2] -3 mpx]d} 6oL A A4 Z2). (B)9] 7%, pigou toll] A
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SAAE BelFa 9]
A rbagtEohe 4
HjHoz a7 Fe A9
29] el SPASH: o
(B-2))9] AP0} 2AFSHE 2 912 S

(@) 2z A

i

Table 3. Welfare gain by factor (unit: 1e3*KRW/HH/year)
Bus LOS . Welfare gain by factor
only lane  in Bus 1ioe Wil gt Sum Location Mode Labor Cov. Error
Not fixed Pigou toll 325 318 68 177 235 -161 2.1%
operating  (a) SB toll 346 342 52 184 218 -112 1.3%
A) FB toll 360 355 49 168 242 -104 1.3%
variable Pigou toll 342 335 54 213 240 =172 2.2%
b) SB toll 373 368 45 208 231 -117 1.3%
FB toll 380 375 38 200 247 -109 1.3%
Operating ~ fixed Pigou toll 64 62 58 7 72 =74 2.6%
(B) (@) SB toll 48 47 34 7 42 =37 1.1%
FB toll 82 81 48 5 71 -43 1.1%
variable Pigou toll 34 33 23 39 40 -69 4.0%
(b) SB toll 53 52 17 35 36 =37 1.1%
FB toll 54 53 15 35 38 =35 1.1%
(a) Not operating Bus-only-lane (A-a) (b) Operating Bus-only-lane (B-a)
8 30 B L0 foccccccmcmccemmmmmmm———a-
g 20 g
g g 06
J 15 Z
3 g 04
& 10 - B EeEn e - &
§ 0.5 § 0.2
= =
0.0 @ 0.0 @
10 12 14 16 18 20 10 12 14 16 18 20
Note: In panel (a), K, =¢K£, in panel (b), K:FE =¢K°;H, and xlis reference value.
Figure 3. Mode effect vs. location effect
a4z
TAEAE g 0] AR EA oA E2O] TR Foll AFS A 882 ST = tEAR TS
2 oA Aol RHA 0 EAEWR A4 HELEST o847} opd Bau|go] TANA T 587} ol
A5 Ud o= gtk R A4E B9, 582 ol EFEARE Y e RES 48] {5l
D AF2R8EE ASAZIA, 2) s o s Fh7TE AeetAL, E= 3) TS 2435 AEgit. o]
£ S AYATSNA 7HE A FEES e disu szl pubde o2 s 2 tlS st
57 Aol GImETe] 587} o 874 T UL EFRH A7) v)Eo] akAolet. whebd EAERE 4
e SEAEBYAINE A9 ELE BFREST] A EYOR Foks ARolety Folg 4 gk
A= S ER R A dFu et A EHEE oISA7]= 8¢810]0, Hef 83 £2 S50 = 414
2 HFR 5T DA OS5 o7l Ao FAE 4 Qlth B8 4719 =27 7|6k o fel8-2 2o &
Aulguto s FAETE frie] Aad 5ol 2T gl AT $4L AR Bt
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