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ABSTRACT

The purpose of this study is to estimate the degree of cost inefficiency for the urban railway lines of a metropolitan city operated by public
institutions in Korea and identify the causes of this inefficiency. To this end, we assume that the urban railway lines produce the output
of train-km by putting three production factors of labor, electric power and maintenance and set the variable cost function model with
the translog function to make a stochastic cost frontier analysis. Based on estimated result, we conclude that the cost savings for 6 years
of all lines are about 6,672 hundred million won and top five lines with high inefficiency are Busan Linel, Daegu Linel, Daejeon Linel,
Gwangju Linel, and Daegu Line2. The causes of inefficiency are attributable to labor and maintenance factors. The results of this study
can be useful in case of finding the priorities of measures and specific plans for reducing labor and maintenance costs in the urban
railway operation.
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Table 1. Technical Statistics for All Lines
. Std. .
Variable Mean . .. |Min.|Max. | Skewness
Deviation
Variable cost
(hundred million won/year) 1,282 | 854 294 3,798 1.265
Cost Labor 0.71 0.05 [0.59/0.79 | -0.82
share of | Electric power | 0.08 0.01 [0.05|0.11| -0.39
factor | Maintenance | 0.21 | 004 [0.15/033| 1.01
Labor
(million won | 66.3 112 |46.41979| 0951
/person-year)
Unit Electric power
price for (won/kwh-year) 80.9 7.1 69.6/99.4 | 1324
factor
Maintenance
(million won | 90.8 29.0 |53.8(174.6| 0.940
/car-year)
Train-km L8
Output | (thousandkm |[3,999| 2,203 ’9 9,718| 0.541
/year)
Trackage (km) 314 13.8 7.8 1602 | 0.420

Note) 2012 Constant Prices standards
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Table 2. Mean Value by Line

EAEE wAle] vgTn 24

- | Dae-i
Variabl Seoul | Seoul | Seoul | Seoul | Seoul | Seoul | Seoul | Seoul | Incheon|Busan | Busan | Busan | Busan | Daegu | Daegu (limfa ae;)
anable linel | line2 | line3 | line4 | line5 | line6 | line7 | line8 | linel | linel | line2 | line3 | lined | linel | line2 | "5 | ©°
linel | linel
Variable cost
(hundred million won| 880 |3,611 |2,386(2,052|1,906|1,205|1,714| 538 832 [1,280(1,316| 533 | 294 | 821 | 692 | 410 | 432
/year)
Cost Labor 0.76 | 0.72 | 0.76 | 0.74 | 0.73 | 0.77 | 0.73 | 0.75 | 0.66 | 0.71 | 0.72 | 0.74 | 0.68 | 0.72 | 0.65 | 0.63 | 0.61
share |Electric power| 0.07 | 0.08 | 0.07 | 0.07 | 0.08 | 0.07 | 0.07 | 0.06 | 0.09 | 0.08 | 0.07 | 0.05 | 0.07 | 0.09 | 0.09 | 0.08 | 0.08
of
factor | Maintenance | 0.17 | 0.20 | 0.17 | 0.19 | 0.19 | 0.16 | 0.20 | 0.19 | 025 | 0.21 | 0.21 | 0.21 | 0.25 | 0.19 | 0.25 | 0.29 | 0.31
Labor
(million won | 88.72 | 69.25 | 74.74 | 77.79 | 66.52 | 59.78 | 72.53 | 57.89 | 58.72 |78.23 |67.08 | 67.81|48.00 | 61.66 | 54.60 | 52.64 | 55.35
/person-year)
Unit B
rice Electric power
pfor (won 80.31|81.75|82.14 | 81.31 | 81.83 | 80.91 | 82.05 | 78.41 | 78.54 |76.91|76.08 | 75.65|96.19 | 82.13 | 81.80 | 87.89 | 83.08
factor fewh-year)
Maintenance
(million won | 94.25 | 85.64 | 82.00 | 81.44 | 60.19 | 58.01 | 67.08 | 82.77 | 87.6 |72.99 [82.42|137.8|71.15|78.02|97.12|130.0 | 158.9
/car-year)
Train-km
Output | (thousand km | 1,999 | 9,539 | 5,318 | 5,106 | 6,898 | 3,563 | 6,380 | 1,892 | 2,795 |4,208 | 5,082 |2,055|1,339|2,903 |3,165 | 1,626 | 1,701
/year)
Trackage (km) 7.80 {60.20|36.66 | 31.7 | 52.3 | 35.1 |47.18 | 17.70 | 26.26 |32.50[44.00|18.10|12.00| 25.9 |28.19|20.50|20.50

Note) 2012 Constant Prices standards
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Table 3. The Result of Goodness of Fit Test
Classification R*(Adjusted R*)|  F-test
Variable cost function 0.978 (0.970) | 130.7***
Cost share function of labor 0.626 (0.605) 30.1%**
Cost share function of electric power | 0.287 (0.248) 7.3%%*

Note) ***: Significance at 1% level
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Table 4. The Estimate Result of Variable Cost Function Model

Coefficient Estimate value Std. error T-Value
aq 25.8165 0.0246 1049.00%**
o 0.7085 0.1107 6.40%***
a, 0.0817 0.1137 0.72
a, 0.2099 0.0540 3.89%**
a, 0.5584 0.1155 4,83%%%
o 0.4853 0.1253 3.87%%*
Y -0.0819 0.8193 -0.10
Vee 1.9486 0.7090 2775%k%

Vrmm 0.5243 0.1973 2.66%%*
Vyy 0.2375 0.5587 1.43*
o 0.8638 0.4723 1.83*
Vet -0.6712 0.7245 -0.93
Yo 0.7532 02616 2.88#H*
Yorm 12774 0.2324 -5.50%%+
Yy 0.2483 0.6075 1.41%
Vey -0.4082 0.5560 -0.73
Yoy 0.1600 0.1979 1.81%
Ve 0.0188 0.6043 0.03
Vet 0.1045 0.5244 0.20
Vot -0.1233 02165 -0.57
Vey -0.6046 0.5322 -1.14
duml -0.3529 0.0286 -12.36%**
dum2 -0.5917 0.0319 -18.56%**
dum3 -0.1609 0.0229 =7.01%%*
dum4 0.2517 0.0246 10.25%**

Note) ***: Significance at 1% level, *: Significance at 10% level
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Table 5. The Test Result of Normality of Variable Cost Function
Model in A Form of Translog Function

Condition of normali Satisfaction number of
vy cases(%)
labor 96/ 96 (100)
}lmt electric power 67/96 (70)
L price for -
monotonicity | g .o maintenance 79 /96 (82)
total 242 /288 (84)
output train-km 96/ 96 (100)
labor 96 /96 (100)
) }1n1t electric power 29/96 (30)
concacvity | price for -
factor maintenance 17/96 (18)
total 142 /288 (49)
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Table 6. Index for Inefficiency

Classification Estimate value
I 0.0542
" 0.0046
o 0.0082
o=\t 0.1132
A=o0,/0, 0.7503

Table 7. The Estimate Result of Inefficiency

Cost saving Inefficiency(%)
P (hundred .
Classification million won Line | Corp. | Gap
ey | A | B) | (AB)
linel 50.8 5.77 0.81
line2 169.1 4.68 -0.28
Seoul Metro - 4.96
line3 97.6 4.09 -0.87
line4 108.9 5.31 0.35
line5 94.1 4.94 0.17
Seoul
Rapid line7 104.4 6.09 | 1.32
Transit Corp. [ g 23 4.14 0.63
Incheon linel 485 583 | 583 | -
Transit Corp.
linel 115.0 8.99 3.65
Busan line2 67.0 5.09 -0.25
Transportation - 5.34
Corp. line3 17.9 335 -1.99
line4 11.6 3.94 -1.4
Daegu linel 574 6.99 0.42
Metropolitan 6.57
Transit Corp. | line2 25 6.15 -0.42
Gwangju
Metropolitan linel 25.4 6.21 | 6.21 -
Transit Corp.
Dagjeon Express| o, 28.8 6.66 | 6.66 | -
Transit Corp.
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Table 8. Price Elasticity for All Lines

Classification Labor Electric power | Maintenance
Labor -0.50 -0.97 1.47

Electric power 2.65 -6.66 4.00

Maintenance 4.86 -6.96 2.11
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Table 9. Own Price Elasticity by Line Table 10. Cross Price Elasticity by Line

Line labor electric power | maintenance Line le el Im ml em me

Seoul linel -0.64 5.84 0.56 Seoul linel -1.37 | -1.85 | 2.01 | 2.02 | -3.99 | -2.58
Seoul line2 -0.21 27.90 1.45 Seoul line2 -090 | -9.12 | 1.12 | 4.03 |-18.78 | -5.47
Seoul line3 -0.44 -203.90 1.53 Seoul line3 -0.93 | 70.59 | 1.36 | 3.96 |133.30| -5.49
Seoul line4 -0.45 -12.24 1.12 Seoul line4 -099 | 455 | 144 | 328 | 7.69 | -4.40
Seoul line5 -0.62 3.88 3.27 Seoul line5 -0.80 | 099 | 142 | 6.66 | -2.89 | -9.94
Seoul line6 -0.88 2.30 -5.98 Seoul line6 -1.12 | -0.51 | 2.00 | -6.61 | -1.79 | 12.59
Seoul line7 -0.55 6.16 3.68 Seoul line7 -0.85 | -1.78 | 1.41 | 7.13 | -438 | -10.81
Seoul line8 -0.70 3.72 11.01 Seoul line8 -0.94 | -099 | 1.64 | 17.66 | -2.73 | -28.68
Incheon linel -0.52 11.82 2.53 Incheon linel | -0.81 | -3.70 | 1.33 | 5.55 | -8.12 | -8.08
Busan linel -0.57 -4.97 1.30 Busan linel -1.05 | 199 | 1.62 | 347 | 298 | -4.76
Busan line2 -0.37 25.62 1.48 Busanline2 | -0.89 | -842 | 1.26 | 3.95 |-17.20| -5.43
Busan line3 -0.21 -7.15 0.58 Busanline3 | -1.14 | 2.87 | 134 | 245 | 427 | -3.02
Busan line4 -1.42 1.80 -2.63 Busan line4 | -3.34 | -037 | 4.77 | -1.57 | -143 | 420
Daegu linel -0.66 4.12 6.60 Daegu linel -0.88 | -1.10 | 1.54 | 11.38 | -3.02 | -17.98
Daegu line2 -0.41 39.14 -1.01 Daegu line2 | -0.73 |-13.04 | 1.14 | 0.61 |-26.10| 0.39
Gwangju linel -0.43 0.91 3.79 Gwangju linel | -0.74 | 0.14 1.17 | 755 | -1.05 | -11.35
Daejeon linel -0.19 -1.97 2.63 Daejeon linel | -0.90 | 3.26 1.08 | 577 | 472 | -840
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Note) ij = Growth rate of j factor demand when ¢ factor price increases
by 1%
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