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Abstract

Since inaccurate demand estimation for recent urban rail construction may result in financial burden
to cities, precise prediction for operating cost as well as construction costs is necessary to avoid or
reduce budget loss of the local or central government. The operating cost is directly related to the public
fare and affect a policy to determine the rate system. Therefore, there is a pressing need to develop an
estimating model for reliable operating cost of urban railway. This study introduces a new model to
estimate the operating cost with new variables. It provides a better prediction in accuracy and reliability
compared to the existing model, considering the feature of urban railway. For verification of our model,
railway operation data from a few cities for the last five years were comprehensively examined to
determine variables that affect the operating cost. The operating cost was estimated in a dummy
regression model using five independent variables, which were average distance between stations, daily
trains distance, total passenger capacity of a train in a train, driving mode(manned/unmanned), and
investment type(financial/private).

Keywords: correlation analysis, heavy rail transit, light rail transit, operating cost, regression
model, urban railways
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Figure 1. Study process
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Table 1. Selection variable

Category Variable name
Dependent variable Operating cost(million)
Independent variable Route length(km)

Total number of stations

Average distance between stations(meter)
One-way travel time(minute)

Daily trains distance(km/day)

Number of trains during peak time
Number of trains during non—peak time
Scheduled speed(km/h)

Number of owned cars

Peak time headway(minute)

Non-peak time headway(minute)
Service frequency_weekday

Total passenger capacity of the owned cars
Total passenger capacity of a train
Investment type(finance/private)

Driving mode(manned/unmanned)

2 O - =

2 Aol 2gulgo] FFL 0l WAE Al] glotel 4TEALS AAlsIon, 1 At 2Pl
o AuH R £ AUPAE /A FoR et 29ulgel Y 2 9FL ulAE WAL 4ol
(0.955), HA-352F 5789(0.954), 9(0.945), B 42 A7H0.938) o2 Uerton, 7 W 3= mlA|
+ W 28 HL4(0.086), FHEE(-0.133), HF HIZIA(-0.201) =02 Yebgt dEAs F5f 16

Table 2. The results of correlation analysis

Dependent Variable . -
Independent Variable Operating Cost(million)

Route length(km) 0.955
Total number of stations 0.945
Average distance between stations(meter) 0.466
One-way travel time(minute) 0.938
Daily trains distance(km/day) 0.928
Number of trains during peak time 0.923
Number of trains during non—peak time 0.908
Scheduled speed(km/h) -0.133
Number of owned cars 0.925
Peak time headway(minute) -0.201
Non-peak time headway(minute) -0.345
Service frequency_weekday 0.086
Total passenger capacity of the owned cars 0.954
Total passenger capacity of a train 0.767
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Table 3. The final selection variables

Division The final selection variables Description Possible variables
Train service  Facility Average distance between stations Route length, Total number of stations
cost characteristics

Train service One—way travel time, Daily trains Scheduled speed, Route length, Peak(non—peak) time

characteristics distance headway, Service frequency_weekday
Maintenance ~ Demand Total passenger Total passenger ~ Number of trains during peak(non—peak) time,
cost characteristics capacity of a train capacity of the  peak(non—peak) headway.

. d

Train Number of owned owned cars

characteristics cars
Type Driving mode Manned/unmanned

Investment type  Finance/private

operating cost(million) operating cost(million)
250000 250000
* *
200000 200000
i’ i :
150000 * 150000 *
i a4
100000 * 100000 ¥
. S8 3 $ .,
50000 $ 50000 $
3 3
¢ 3
0 T T T T T T T T 1 0 T 1
600 700 800 900 1000 1100 1200 1300 1400 1500 10 30 50 70 90
average distance between stations(meter) one-way travel time(minute)
operating cost(million) operating cost(million)
250000 250000
* *
200000 200000
§ ¥ 3 H
150000 ¥ ; 150000 i
1y | ’
100000 100000
i+ ’ t
50000 : 3 50000 : 3
3 3
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0 T T T T T 1 0 1
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train operatimg distance(km/day) the maximum number of passengers of the a train
operating cost(million) operating cost(million)
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+ *
200000 200000
i i
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HE i
100000 100000
g 14
50000 + 50000 +
3 3
b b
0 T T T T T T T ] 0 T T T T 1
0 50 100 150 200 250 300 350 400 0 10000 20000 30000 40000 50000
owned cars the maximum number of passengers on the owned trains

Figure 2. Scatter plot analysis of operating costs and selected variables
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: Average distance between stations(meter)
: Daily trains distance(km/weekday)
: Total passenger capacity of a train(persons)

14,088.66 —41.7.X, +9.097.X, +50.766 X,

+26,952.148 X, +20,184.387 X,

X
X
X,

Y
oJ7]14 v : Operating cost(million won)
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X, : Driving mode(0:unmanned, 1:manned)

X, : Investment type(0:private,1:finance)

Table 6. Coefficients

Model Unstandardized Coefficients  Standardized Coefficients . Sig. Collinearity Statistics
B Std. Error Beta Tolerance VIF
(constant) 14,088.66 12,164.198 1.158 253

X -41.7 12.003 =125 -3.474 .001 .545 1.836
Xy 9.097 .500 .664 18.187 .000 528 1.894
X3 50.766 9.135 251 5.558 .000 .345 2.900
X, 26,952.148 6,104.652 195 4.415 .000 362 2.763
X5 20,184.387 4,852.808 137 4.159 .000 .652 1.534
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Table 7. Estimation of institutional operating costs (unit: one million won)
. . .. Shinbun Seoul Seoul Busan— .
Cost Busan Daegu Daejeon  Gwangju Uijeongbu - (5-8) 9 Gimhae Yongin

labor cost 268,888.74 129,569.58  33,773.95 30,054.71 419578  17,400.57 394,909.56 41,058.20  5,579.50 8,123.75
power cost 54,800.93  34,436.60  9,445.71  87704.71 1,671.31  7.873.67 104,065.56 1358273  2,875.46 1,629.59

gf‘;g;zgj““ 5442022 3816699 1023155 1023155 472285 863443 80,95402 1347570 10,069.48 8,082.31
general 4915429 2628251 694867 636883 137669 399158 7539079  8260.80  2408.18 2,318.63
administrative

Cost

sum 42726418 22845568 60,399.94 5535980 11.966.63 3790025 655319.92 7637743 20,932.61 20,154.28
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Table 8. Estimates of urban railways operating costs (unit : one million won)
Uriben, iy Operating costs Ratio
Actual(A) Guideline(B) Estimation(C) B/A C/A
Busan 578,444.0 427,264.18 533,611.9 0.74 0.92
Daegu 332,516.90 228,455.68 373,203.2 0.69 1.12
Daejeon 98,743.80 60,399.94 89,242.4 0.61 0.90
Gwangju 92,257.30 55,359.80 84,574.2 0.60 0.92
Uijeongbu 30,308.30 11,966.63 31,561.7 0.39 1.04
Shinbundang 79,790.7 37,900.25 80,725.1 0.47 1.01
Seoul(5-8) 941,410.40 655,319.92 873,331.3 0.70 0.93
Seoul 9 126,631 76,377.43 143,832 0.60 1.14
Busan—Gimhae 57,731.40 20,932.61 56,986.3 0.36 0.99
Yongin 42,002.80 20,154.28 27,879.3 0.48 0.66
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