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Abstract

We analyze the efficiency of congestion pricings and transit subsidies in the spatial micro-economic model
based on a general equilibrium environment. In this setting, we decompose the total welfare change into
component factors and identify the reason of the change in the efficiency caused by policy instruments; these
component factors are divided into indirect factors and direct factors including of origin-destination and mode
choices. We set up the model as adding mode choice to the standard format in the fashion of Anas and Kim
(1996) and extend the methodology proposed by Yu and Rhee (2011) and Rhee (2012) for deriving theoretical
and analytical solution. Most of welfare gain comes from the modal shift from car to bus. The relative efficiency
of subsidies in relation to the first-best pricing is lower than it of congestion pricings although the change in bus
share by subsidies is similar to it by congestion pricing. Subsidies give rise to more modal shift from a car to a
bus for long-distance commuting than it caused by congestion pricings. As the increase of bus share for
long-distance commuting leads to the increase of cross-commuters passing through CBD, the welfare gain by
subsidies is lower than it by congestion pricings.
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@ 7hrel FA-A 4 A7l nhe TS HRE,  EAR 47 9Ysia BRES dh
) AeAl W BT o R S&atst M vk EAE B9 vla FEES WA 56.2% £FY (MTA, 2007: 48)
2> walk(2) = 5%, wait(2) = 5%, stop;(2) = A7 (km)*x202/F 747 7121(0.4kn) (MOCT, 2005 : 454 : KDI, 2008: 271

; Kim et al. 2%, 2009, : 4)
3) SMG (2007), MTA (2007), 8]z STH (2007) &
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Table 1. Calibrated values of parameters

Geography (see Figure 1)
Unit section radians: 3.0° in each direction
Zone length: 15 km

Resident-workers

N=66,300 households(=3,978,938 HHx*6°/360°)
Annual household income=KRW 38 million /year

D =21 work days per month,
H=210 hours per work day (= d x10 hr/day)
a=0.7, 4=0.3 4
Tlanspmt
= 1/60 km/hr, a,= 0.15, a;= 4.0
4),,,:2 0.206 9, ¢,,-,=1

note: KRW is South Korean won

AA, HHZA (First-best) = & E35P59}
HSsns Bxgo] SANAE FEHos 798 RE W
A

N
T
R

:
N
2
o,
o
o
tn

2
tlo

»
2
FIF

g

s

*ﬂ %ﬂﬂ 17&%5 T A O(Toll I 54

g

$4% tyo @ E4EYR F A5

==
[
FAE wxF F9o] AdsE T A FA5do]

A= Z=AoH

vl A, ‘Bxg EA] [(Subsidy I)& t5us o

248 dpgor ARe) nagwe] AFHE =A

oAl WA ‘B2F TA] T'(Subsidyl) & £4%53)

2 EA1(Toll )9 E4EDE iﬂ#eﬂn B9
2ol AP o 83le] thFus HEFe] AP =
Aol

2. NN SN

Table 2= ] A|FAE Azt 749 58

Table 2. Welfare gains and relative efficiency

Article

(Welfare gain)e| F=, 2x9] A gt 32 /\]
kA AolA G874 (Relative efﬁmency il
E3go] & Ay} HExFo] Z AYFEE HoFn 9\1
o}, Table 264 A &84 (W7Hm e~ Wizea)/
(Wamen = Wozeg) 22 AXEC H o] Al
28 g8/ ZZ= SubsidylE AYstn BEF
A & NAFAaEQ 2.0% ©)3e AN R
7t gem A EA| (First-best) <Al /\]EBQ 2=
ste F 7P FAFd 2@ 2.3%9 T8N
E fEetnh olFA FA AP 58
H7t B olfre EA "ol nj¢ &35}7]
Toll 12+ TollIe] FANA BIe= FL3H
Basso and Jara-Diaz (2012)7} 831 uje} ko] =
o] HHsh= ‘;}‘”%‘7119] A g @M 2%
= 3lo] ofd £ HA7HA Apolo SJaiM ZHH
= BHAFa g "/} Table 394 & < 1=°| Toll I &
TollIelA 4 29 3t 74 Zole 7209/kn
(=+640°J/km — -809/kn) 0.2 FUslt}t, olejst 2
Fgo] nEA| ¥e EREIT FAATol
A _4;4 EXFYE T i B SHEJSE d
SES gt
eFst ARk adgAoen AgE Toll 13
Subsidy [ & Hwd A Toll 18] 2% 93.4%% #
Z)5le] Subsidy [ 2t} 2F 6.0 % =U6). B%o] A
Al el EAIRIEC] Fislof 2 Al EIF
o] Bdsitta & A Subsidyl2] A4 £84
< 31.8%% 2Ast= B, 235357 dens Bx
= A= Hsl & FWRARHE THES & F

o]
2A

Welfare gain Relative eff Total tolls and subsidies
Type N ) Y ’ (1e3*KRW/Household/day)
(1e3*KRW/Household/year) (%) Toll Subsidy Sum
Frist-best 897.5 100.0 440,917 -477,070 -36,153
Toll I 837.7 93.4 29,759 29,759
TolllI 837.5 93.4 26,450 -26,450 0
Subsidy I 782.5 87.5 -217,963 -217,963
Subsidy I 281.9 31.8 -29,753 -29,753
4) Anas and Rhee (2006)%} Yu et al. (2009)2 Z&3rolA a, B, yv& B3A, EA, o7} avEo] A6t 7F79 ZAALEoZ IF
A o5 oo Wy dPFez a=0.36, B=0.15, y=0.498 A&F. 2 AFE skrel o7k &ME nEEA @ vl o«
=0.36/(0.36+0.15)=0.7 28]z B=0.15/(0.36+0.15)=0.32.2 43
5) 0.206 = 3.7 vehicles / 18.0 persons (MTA, 2007 : 98, 150 : KDI, 2008 : 280)
6) VA= BA (7 EFE W}, AQARE A F) A, FHee] Aid g84 e viA gt
st &sts| x| 31 M35, 20134 6 81
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Table 3. Toll and subsidy level (Unit: 1e3*KRW/km)

Type 6(1) | 6,(2) | ,(1) | 5(2) | t5(1) | £5(2)
Frist-best | 0.08 | 0.78 | 1.09 | -1.38 | 0.08 | 0.78
Toll 1 0.72

Toll I 0.64 | -0.08

Subsidy I -0.66

Subsidy Tl -0.06 -0.01

I

2. 014 MM B

-

Table 4 21(19)& o] &3] FallE ald T8N
MEHE HoFETh Table 49 5 WAl & (Welfare
gain)< 21(10)¢] 9njsh= 7IEEAl F AT A8
Al ZAANA 5ol FEE BYFn Al WA 4
(Welfare gian by factor)< 21(19)] 9j&] Tald &
H SN B9 AR F HA 4] A=
3.5% olstoltt. BATE Ao g WAL= AGTHA
HE o] AR &= A(13)0l4 S E AT 2ol
0°ll AL, Table 4014 Sv|2g
FEse BE o] TAMAE A e AL ofyy
Q!

TN ERE FEde sde 5

2, 2318 YA 22 (Location) & FAAALE FEA7

o Flelth olFA YA 8ol FANAE Age

e z7e] gl RPN 90T gle a2
).

Toll I oA Subsidy I 9 291 ZT4W3} g3912 7}
7} A8 7, aaglod Qg SN BIke] T
TA] ZF 210](-140.9 = 902.3-1,043.2) 9+ 4A1 891
o= Qg A T F &A] F x}o](205.2=
-82.1+ -287.3)9] & 0 Hr} At} o]& Subsidy
[old Feaglo® Qa & FANNENE YA 2
o= gk TAZkA BT} skl 2= Subsidy [
o] Toll [ o H]gte] e FAMNE ZHE ZefTS 9

Table 4. Welfare gain by factor

An Analysis of the Causes of the Welfare Gain Achieved by Congestion Pricing and Transit Subsidies

slgiet, Webd % b AASE AgoR A% 567
oA W] S v (20.7% 4%, Table 59
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(Unit: KRW*1e3/Household/year)

Type of Welfare gain by factor
. Welfare gain Direct effects .
optimal tolls Sum - Indirect error
Location Mode
Frist-best 897.5 871 -103.8 974.4 0.9 3.0%
Toll T 837.7 820 -82.1 902.3 - 2.1%
Toll I 837.5 818 -100.2 918.1 -0.0 2.4%
Subsidy I 782.5 756 -287.3 1,043.2 -0.0 3.5%
Subsidy I 281.9 277 -101.7 378.4 -0.0 1.9%

%1 Anas and Rhee (2007), Yu et al. (2009) 52 E35d 52| FAMNAGII} 7] FARA-ZA o] g4

Fu QA 29ld <8 wyErkn 4

o}-_TV_

ek,

25014
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Table 5. Change in commuting arrangement by bus under policy instruments (Unit: %points)
Destination j
Zone 1 Zone 2 Zone 3 Sum
To First-best -7.9 4.7 7.2 4.0
Zone 1 To Toll T -0.2 3.4 5.8 9.1
To Subsidy I -1.7 3.4 7.4 9.0
To First-best 1.1 2.0 1.1 4.2
Zone 2 To Toll I 1.0 0.7 1.0 2.7
Oriein i To Subsidy I 0.9 0.6 0.9 2.5
rei To First-best 7.2 47 7.9 4.0
Zone 3 To Toll I 5.8 3.4 -0.2 9.1
To Subsidy I 7.4 3.4 -1.7 9.0
To First-best 0.4 11.4 0.4 12.1
Sum To Toll I 6.6 7.6 6.6 20.8
To Subsidy I 6.6 7.4 6.6 20.6
TS T7H-7.9%) AN =4 e4gstE 98 o T332 Yu and Rhee (2011) ¢} Rhee (2012)7} 1
2 HAeg vlgle] =4 WE-%53 (zone2 < zone?) Fete ATHHES 883l TANA BHE
% =4l oz o] 79 2 58 (zonel,3 — zone2) o U el AP ana l"‘irwﬁ}?i"/}. 538 & d7= 4 é}iﬂr
3l YA Mol 8 A 2.0%% 4.7% WE St £ g elT el BHska el ole A
A717) wgoleh AR ADA =2l FriAATks ool Rl
w2b First-bestollA] W2e] g2 Fau|&el L7} el HATH (First-best) ol tigh 4 2353
(7.2%)7} Subsidy I9A Azl E3u]e&e] =7}

(7.4%) 9 Ao 27517 97 2910l ofgh ke

g3} 2 o5+ First-best”} Subsidy I

Hlglo] =

o) vz o) 87} 55 Heisle] FomEoR WA £
9] AM)E-S 217 7] wliEelt) Toll I ¢ Subsidy I

o] A 2910l €13 FAUL B3le) P

= Table 59 %

Azl & (zonel < zone3)2] W0l g2} S71] &3} 1

dlota, kacle] ok FARE A=

HAldo 2 Z2H3R =
Anas and Kim (1996)
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