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Abstract

Depending most of its energy sources on foreign countries, Korea efforts to reduce energy consumption in
transportation. While studies on the relationship between gas price and transportation demand are many in number,
most previous studies have focused on automobile and Seoul. This study analyzes the impact of gas price on
transit (bus and subway) demand using monthly data and for various metropolitan areas (Seoul, Busan, Daejeon,
Daegu and Gwangju). The research utilizes a time-series model and a multiple regression model, and calculates
modal demand elasticities of gas price. The result shows that elasticities of subway demand with respect to gas
price is higher than those of bus demand. In addition, elasticities of predominantly automobile cities are more

likely to be more sensitive to gas price than those of cities with well-structured transit system.
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Table 1. The summary of previous studies
Authors Area Methodolqu & Depgndent Independent variables RESl.JIFS
analysis variables (Elasticity)
Lee and Park Seoul Survey & discrete Choice of mode  Travel time, gas price, 0.078-0.171
(1999) choice model parking fee, fare, LOS (auto users)
Lee et al. Seoul Survey & Choice of mode  Gas price, parking fee, 0.26(transit)
(2005) discrete choice model fare
Lee et al. Seoul ADL model Number of Fule price, GDP, -0.53(number of veh.)
(2009) vehicles, VKT, length of highway -0.59(VKT)
number of 0.25(number of subway
passengers, passenger)
passenger-km 0.32(passenger-km)
Rose Chicago, USA  Time-series & Rail ridership Fare, gas price, rainfall 0.11(short-term)
(1986) regression analysis 0.18(long-term)
Currie and Phung USA national Time-series analysis  Transit ridership  Gas price, 4 events 0.27-0.38(LRT)
(2007) transit by mode 0.17(HRT)
0.04(bus)
Haire and 5 USA cities  Time-series analysis  Transit ridership  Gas price 0.24
Machemehl
(2007)
Currie and Phung 3 cities, Regression analysis Transit ridership  Gas price, interest rates 0.14-0.22
(2008) Australia
Lane 9 USA cities  Time-series & Transit ridership ~ Gas price -
(2008) regression analysis
Lane 33 USA cities Regression analysis Transit ridership  Gas price, transit vehicle  0.10-0.40(bus)
(2012) with time lags by mode revenue miles, global trend 0.10-0.80(rail)
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Table 2. The summary of data

Region Period of data Number of Notes
months

Seoul 2005. 1-2011.12 84 -
Busan  2005.12-2011.12 73 Opening of line no. 3
Daegu  2005.11-2011.12 74 Opening of line no. 2
Daejeon 2007. 5-2011.12 56  Extension of new segment

Gwangju 2008. 4-2011.12 45 Extension of new segment
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Figure 1. Scatter plot of gas price and transit demand
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Figure 2, Time-series analysis for bus in Seoul metropolitan area
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Table 3. Results of time-series analysis

Region  Mode  Var. B SEB  T-ratio Prob.
Seoul Bus MA1 0537 0.093  5.752* 0.000
SAR1 -0.748  0.091  -8.201* 0.000

SAR2 -0.648 0094  -6.925* 0.000

Const.  -0.001  0.001 -0.817 0.417

Subway MA1 0730  0.077  9.512* 0.000

SAR1 -0.837  0.084  -9.930* 0.000

SAR2 -0.701  0.075 -9.402* 0.000

Const. 0.001  0.000 1.242 0.219

Busan Bus MA1 0549  0.105  5.242* 0.000
SMA1 0711 0270  2.637% 0.011

Const. 0.000  0.002 0.134 0.8%4

Subway MA1 0399 0120  3.336* 0.002

SAR1 -0.468  0.112  -4.188* 0.000

Const. 0.002  0.002 1.054 0.296

Daejeon  Bus Const. 0.048  0.009 5.211* 0.000
Subway SAR1 -0.444 0141 -3.158* 0.003

Const. ~ -0.002 0.005  -0.402 0.690

Daegu Bus MA1 0.859 0.089  9.656* 0.000
SMA1 0790 0293  2.694* 0.009

Const.  -0.002 0.000 -5.223* 0.000

Subway AR1 0.624 0.082  7.589* 0.000

SAR1 -0.850  0.103  -8.219* 0.000

SAR2 -0.702  0.081 -8.638* 0.000

Const. 0.025 0.004  5.861* 0.000

Gwangju  Bus Const. 0.004  0.006 0.694 0.493
Subway SAR1 -0.578 0134 -4.324* 0.000

Const. 0.018  0.004  4.277* 0.000

*: t-value is significant at the 0.05 level

gt} webd A madez ARIMA(0,1,1)(0,1,1) 12,
ARIMA(1,1,0)(1,1,0)12, ARIMA(1,1,0)(0,1,1)12,
ARIMA(0,1,1)(1,1,0)120] A= 2m AICEH-182)2,
SBCR-176)°] 21421 ARIMA(0,1,1)(0,1,1)12% HFEZ
o7 MHEATHA(4)). B3 A}, s Atk
95% A=A fFefdnk. 8738 B 7 24
nEF 1 2xke] ACF9F PACF %3+ E A zjol| A
FaA Wl EAlskach

ol

f

= o

4=4 VY4 _z—Z4_3ta,—0a_—06a_,,+00a_,,
(4)

19



Article

2} -
S1.1E7
[1a}
1E74
9E6—
BE6—|
I)L\IIJD\I\)LII\)LI\\;\
crimilzTirzneriomers
tEmsiEmsiamstamse
2528265290 252025282562
INNENENYNIININRNYNNDY
S8s88s8s888s8822222¢2:2¢2
8558888888808 =-222
Date
(a) time-series plot
0.4+
0.3
0.2
0
2
[1a]

—
v

ol |V Y

7
:

2002 AYIA |
2002 1N
8002 d3S—|
2002 AON—|
6002 Nvr—]
6002 Y —
0102 4~
® 0102 AV
0102 1N
0102 438
0102 AON |
1102 N
1102 Yy
1102 AWIA |
1102 1nr-|
1102 438~
1102 AON—|

o
=8

Transforms: Matural Log. Seasonal Difference(1. period 12)

(d) time-series plot(In, s=12)

Bus
1.0
0.5 - M
{ Al
0.0 0o Hn [
- O B[]
~0.5—
-1.0
USRS LU LR
SRGE Ao @S
Lag Number
(b) ACF
Bus
1,0
0.5

-

0_so-oono_eol

-0.549

-1.04

Figure 3, Time-series analysis for bus in Daejeon
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ol AFRIor AFHJT. A =AE =S A n(Q, ) =a+pn(Q,, ) +yn(B)+..
dollA FAlgo] o= ey, A-ARE A3 A4l Fyn (P ) (10)
gle Ao yehkt ZaAALe ACFE AlA 1,
1204 Aets]el MA(1), SMA(D)EEIE, PACF %3 A7V, @, FE m(H2 EE BAAE)Y 19
AR 1, 12004 A= AR(D, SAR() FEHE B3ick 3¢ £, Q.. E % md AR-)E e, P E
& ARIMA(1,0,00(2,1,0)12, ARIMA(0,0,1)(2,1,0)12. N2t —)Be] §7} o, B, +E ALE ekt
ARIMA(0,0,1)(2,1, )12, ARIMA(1,0,1)(2,1,0)12 ok Aol AAG BN =Yud uzuEse W
°let. ol 2 AIC, SBC gkl #aelnf madere] 94 F(Q,, ) NAe BAE t-1, BAE =379 2
o ofafl ARIMA(1,0,0)(2,1,0)10% HTRF o2 A% W REw (ol o) e W] 4w ekt
(@)=, 2 Ao, s fole) dEmEre 99U v
A fliM 434 Sle disussre vss 448
4=0F040=04 0t 0= (20100200 g gt gone JBe @ AARNS 59 3%
T LR Y WEE A 7 ve) dFmEaq,,) % A%
TGt ®)  i—iol dgmEralq,, ) el 4 BA 2}
Table 4 Weld St diFasree] Alat t-1271
5 BT HERSTR AAIEEA RE A3} FeelN FEHOR #ol@ Ao Uyt
BAle] WA 2 EXEE B QA A DA A o e s o0 SHlee AR 128 @
e Holx @m AR BATh WAl AlH A FHF(Q, ) = AHsslT
FOAAE S o Al 54 FEel ARIMA
(0.1.0) 2802 =T =ARES A5 Ad= Table 4. Pearson correlation coefficients
2 % ARAE F ACFS PACFEES] A2 12614 . e
77t AdEo] SAR(1) EE SMA(DEHE R, Reglon  Dep. Var. Var. Coeff.
A2 A3 ARIMA(0,1,1)12 282 SMA(1)e] Seoul Ln_Bus LAGS(Ln_Bus,12) 0.774
7t 21 TSR] B3 oz Uehdt) uhEhA LAGS(Ln_Bus,36) 0.768
ZErgoz ARIMA(1L,1,0)120] AFHAT. 2EF2 LnSub  LAGS(Ln_Subway,12) 0877
< 298 2om, s xste] AR fofdt LAGS(Ln_Subway, 36) 0751
ok A A BE ARl AR tell A Bussn  LnBus  LAGS(Ln_Bus) 0.743
stdet LAGS(Ln_Bus,12) 0.707
LAGS(Ln_Bus,13) 0.526
Z=0_,+87_,,—bZ_,,+q, 9
Ln_Sub LAGS(Ln_Subway, 1) 0.655
CHESiRIZA U folo) gae 2o Sotniela 07
LAGS(Ln_Subway,13) 0.413
1 ChE=sl7mA Daejeon Ln_Bus LAGS(Ln_Bus,12) 0.842
Ln_Sub LAGS(Ln_Subway,12) 0.743
ALe71el dEmEsed da 99ae 243 e
9 98l oklA ARE tEmESe AETA AAE Daegu Ln_Bus LAGS(Ln_Bus,12) 0.913
g.935e] 23 7RNS Saai) 2amis 2o Ln_Sub LAGS(Ln_Subway,12) 0.883
O gy pESew A, SYHSEE nESe LAGS(Ln_Subway,24) 0.820
ARG (AR ) 9 A 7 HERERT) S 20} Gwangju  Ln_Bus LAGS(Ln_Bus,12) 0.881
SATHA(10)). Ln.Sub  LAGS(Ln_Subway,12) 0858

thetmSsta x| M3 HM1F, 20144 22 21
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21(10)ellA 7kl AlApse

2] = AR tHE AR} t-13 BA71A SPSSE &8st WA (stepwise)
HEE Frlsle AR S dF) o] ) 3

9 HPAARIL o BAHCD Fol FRAA W
F7h WS A AAE 1302 AR ol HE UT  F L ASE FYAL BFRFLL WSS 3F
Be AAE APl 99 BAUelEE IuF W ¥5 A 122 APsGRel, AP L £UE §
Hol WA GRS Weledl oFvt WY Absdel bl JFAL viapNs] de 2 mYe) frhag
ek, w3 HPATol mhEw AviAA t-130] BelA  w@ Qus A8 Beot Ark ol A8, we
o= ol 2] gek(Lane, 2012). Y-S 7 2171239 dgee] A et 71

Table 5. Results of regression models

Region  Dep. Var Ind. Var. Coeffident t-value Sig. R2 F-value  Elasticity
Unstand. Stand.

Seoul Ln Constant 5.245 - 4, 559%* 0.000 0.777 119 0.718
Bush s, 12) 0.689 0755 9858 0000
Ln(Gas) 0.107 0176  2299% 0025

Ln Constant 4,032 - 3.082%* 0.003 0.745 99 1.015
B sub,12) 0722 0664  9876% 0000
Ln(Gas) 0172 0341 5065% 0000

Busan Ln(Bus) Constant 8.001 = 5.658** 0.000 0.673 59 0.862
Ln(Bus,12) 0397 0399  4238% 0000
Ln(Gas2) 0355 0518 549 0000

Ln(Sub)  Constant 4161 - 3537 0001 0783 103 1.081
Ln(Sub,12) 0610 0551  7.948% 0000
Ln(Gas,1) 0326 0485  6990% 0000

Daejeon  Ln Constant 5.227 - 4677 0.000 0.712 49 N/A
(Bus) Ln(Bus.12) 0.651 0810  8379% 0.000
Ln(Gas,13) 0.067 0066 0,682 0499

Ln Constant 3.485 - 3687 0001 0789 75 1.148
Bub) | sub,12) 0593 0719 9.229% 0.000
Ln(Gas,13) 0355 0323 4142% 0000

Daegu  Ln Constant 4311 57717 0000 088 150 N/A
Bush s, 12) 0782 0978 138237 0000
Ln(Gas,13) 0079 0098 1388 0.171

Ln Constant 2.779 = 2.533** 0.014 0.755 89 1.027
B sub,12) 0742 0709  10075% 0000
Ln(Gas9) 0.186 0298 4238 0000

Gwangju Ln Constant 1.100 - 0722 0.476 0.779 51 N/A
Bush s, 12) 0.954 088 9793 0000
Ln(Gas,13) 0046 0056 -0609 0547

Ln Constant 2.533 - 1.725 0.095 0.685 33 N/A
B sub,12) 0.860 0852 799" 0000
Ln(Gas3) 0070 0118 -1.107 0277

**: t-value is significant at the 0.05 level
N/A: Not applicable because the coefficient of gas price is not statistically significant.
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