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ABSTRACT

This study is focused on the effect of reformation of public transportation system on the efficiency of bus route system as a result of
change of government subsidy scheme. Two types of government subsidy scheme has been considered and before and after analysis
by Data Envelopment Analysis technique has been carried out for bus routes in Ulsan Metropolitan City. The analysis output has
shown that there is no clear evidence to clarify the relationship between the change of government subsidy scheme and the efficiency
of bus route system. There are two types of backgrounds may be suggested for this situation such as more longer period necessary to
identify the policy effect and limitation to increase the number of passenger in a provincial city. Tobit regression analysis has also been
conducted to discover the most effective variables for maximum efficiency and three variables including route length, frequency per
vehicle per day, and headway are found to be influential. It is also seen that strategy to minimising input factors and service upgrade
plan such as shortened route length and headway, increasing frequency per vehicle are necessary to develop the efficiency of bus routes
operated in Ulsan city.
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Table 1. Bus Operation Statistics in Ulsan (Unit : EA, Vehicle)

Year No. of No. of Fleet Size Route Operation
Routes Operators System
2006 103 8 568 Joint Operation
2007 100 8 573 Group : 5
Operators
2009 101 8 595 Individual
Operation Group
2010 97 8 599 - 3 Operators

Table 2. Current Bus Fare Structure? (for Adult Passenger, as of
Dec., 2010) (Unit : Won)

Before Fare Adjustment After Fare Adjustment
Category
Standard | Express Standard Express
Pass 800 1,200 950 1,300
Cash 900 1,300 1,000 1,500
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Table 3. Descriptive Statistics of Input & Output Variable : Before & After Fare Adjustment

Category Average Max Min SD
2006 26.0 52.0 8.8 9.3
Route Length(km)
2007 25.6 52.0 6.0 9.4
2006 5.5 31.0 1.0 5.7
Fleet Size(Vehicle)
2007 5.7 31.0 1.0 5.7
2006 313 136.0 3.0 27.7
Frequency
2007 324 136.0 4.0 279
Input
) 2006 6.1 14.0 3.6 1.7
Frequency per Vehicle
2007 6.1 14.0 3.6 1.7
) 2006 31.9 350.0 8.0 65.5
Headway(min)
2007 30.0 240.0 8.0 56.7
(10,000 won) 2007 43.8 54.7 29.2 6.2
Monthly Revenue 2006 55.8 377.2 1.5 733
(1,000,000won) 2007 66.4 436.0 1.8 84.9
Output
No. QfPassenger per day per 2006 422.1 830.4 106.2 158.0
vehicle(person) 2007 424.1 840.6 108.0 155.6
1) Source : Unit Operation Cost Survey Report of Inner-city Bus for Ulsan Metropolitan City, Internal Report for Ulsan (2006, 2007)
Table 4. Descriptive Statistics of Input & Output Variable : Before & After Introduction of Incentive System
Category Average Max Min SD
2009 27.2 55.0 9.5 9.6
Route Length(km)
2010 27.2 51.6 9.4 8.7
. . 2009 6.3 29.0 1.0 5.6
Fleet Size(Vehicle)
2010 6.5 29.0 1.0 5.7
2009 34.7 137.0 4.0 27.7
Frequency
2010 36.1 137.0 4.0 28.7
Input
) 2009 30.3 257.0 8.0 50.6
Frequency per Vehicle
2010 28.8 195.0 8.0 453
) 2009 30.3 257.0 8.0 50.6
Headway(min)
2010 28.8 195.0 8.0 453
(10,000 won) 2010 433 58.0 29.0 8.1
Monthly Revenue 2009 72.7 412.0 3.0 82.2
(1,000,000won) 2010 76.4 426.0 3.0 87.2
Output
No. of Passenger per day per 2009 4254 808.2 144.0 142.4
vehicle(person) 2010 411.8 788.3 118.8 143.7

1) Source : Unit Operation Cost Survey Report of Inner-city Bus for Ulsan Metropolitan City, Internal Report for Ulsan(2009, 2010)
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Table 5. Regression Model for Each Output Variable
Output : Revenue Output : No. of Passenger
Category
Fare Adjustment Incentive System Fare Adjustment Incentive System
Constant -15.946(-8.889) -19.326(-10.961) 380.207(15.907) 406.389(17.464)
Fleet Size 13.685(62.059) 14.679(68.672) -
Route Length - - 6.004(7.552) 4.454(5.976)
Headway - - -1.763(-13.598) -1.924(-13.582)
S 0.976 0.960 0.570 .549
Adjusted R* 0.952 0.960 0.565 544
Observation 194 190 194 190

Note) Values in parenthesis are t-statistics.
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Table 6. Comparison of Route Efficiency(Before & After Fare

Adjustment)
Year 2006 Year 2007
Category
CRS | VRS SE CRS | VRS SE
No. of Routes
(Efficiency = 1) ! 4 : ! > !
Average 0.45 056 | 0.79 | 045 0.57 | 0.80
Maximum 1 1 1 1 1 1
Minimum 0.10 | 020 | 029 | 0.12 | 022 | 0.30
Standard | 20 | 020 | 016 | 020 | 021 | 015
Deviation
Note 1) CRS(Constant Return to Scale) : CCR Model, Technical
Efficiency
2) VRS(Variable Return to Scale) : BCC Model, Pure Technical
Efficiency

3) SE : Scale Efficiency
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Table 7. Mann-Whitney Analysis Result of Route Efficiency(Before

& After Fare Adjustment)
Category Statistics
Mann-Whitney U 4583.000
Wilcoxon W 9336.000
zZ -0.311
Asymp. Sig. (2 tailed) 0.756
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Table 8. Tobit Analysis Result

Variable Year 2006 Year 2007
Coefticient V.LF. Coefticient V.LF.
Constant 0.941(8.625) - 0.888(9.500) -
Route Length -0.014(-9.731) 3.102 -0.013(-7.976) 3.641
Frequency per Vehicle 0.015(2.162) 2411 0.000(-2.093) 2.359
Headway -0.001(-2.554) 2.386 -0.007(-3.233) 2.408
Operation Cost -0.007(-2.267) 3.014 0.001(10.092) 2.422
Revenue 0.002(10.490) 2.338 0.000(2.230) 3.965
Passenger per Vehicle 0.000(2.691) 4.309 0.023(2.822) 2.849
R’ 0.871 0.868
Adjusted R? 0.863 0.859
Observation 97 97

Note) Values in parenthesis are t-statistics.
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Table 9. Comparison of Route Efficiency(Before & After Introduction of Incentive System)

Year 2006 Year 2007
Category

CRS VRS SE CRS VRS SE

No. of Routes(Efficiency = 1) 1 6 1 1 6 1
Average 0.44 0.57 0.76 0.43 0.58 0.73

Maximum 1 1 1 1 1 1
Minimum 0.13 0.24 0.41 0.11 0.25 0.27
Standard Deviation 0.19 0.20 0.15 0.20 0.19 0.17

Note 1) CRS(Constant Return to Scale) : CCR Model, Technical Efficiency

2) VRS(Variable Return to Scale) : BCC Model, Pure Technical Efficiency

3) SE : Scale Efficiency

Table 10. Mann-Whitney Analysis Result of Route Efficiency (Before & After Introduction of Incentive System

Category Statistics
Mann-Whitney U 4568.000
Wilcoxon W 9719.000

Z -.578

Asymp. Sig. (2 tailed) .563

ARAY olFol =4 ZEde HslsA|

T3F BCC 23 #4%0.57, 0.58)7} 1] &84 %4%0.76,
0.73)Er} AJtja o2 vhol HAEQ] vlasdo] o 1 2 22l
o 7I1sk= Zo R & 5 dom A F FUHE S8l vt
715842 Jiptto] Fadtrh= ou|R sfAo] 7Fs3irh

AAEIE. AR Po] WaeXe] B84 Wl nHl JFS
257 98 ul-¢JEU(Mann-Whitney)E4 A3} Wzke
9719.0, BA18 942 56.3%= JeER} “AlE B A=Y

B AgAEe R Q17 M 584

al d Wsh= HEEA] e
o glEn

w2 G840 Wl S BAsk] 918kl BCC B3&
%aﬂ FHE B84 HFE TSR Agslar By F9lak
SPAE, 233 vixHE, $597) S5, U
2MSE =AW T A8 BEHE]Fe] B4E 243 Aul=
Table 113} 2t} S5 7F tgxA] 3 301L 93] 28

AFY A EEHS M2 BTPE AT M) AEe] Qe ASKVIFIS A5 B @3} B 100]3he] ghow mEuo]
Table 11. Tobit Analysis Result
Variable Year 2009 Year 2010
Coefticient V.LF Coefticient V.LF.
Constant 0.650(9.922) - 0.747(10.815) -
Route Length -0.014(-11.649) 1.905 -0.014(-11.665) 1.985
Frequency per Vehicle 0.028(4.114) 1.166 0.025(3.957) 2.050
Headway - - -0.001(-4.117) 1.573
Revenue 0.002(16.810) 1.742 0.001(12.081) 1.704
R’ 0.827 0.869
Adjusted R 0.821 0.863
Observation 95 95

Note) Values in parenthesis are t-statistics.
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