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ABSTRACT

The purpose of this study is to analyze transport efficiency of each of the 17 urban railway lines being operated by national public
agencies using Data Envelopment Analysis (DEA) and to seek strategies for improving efficiency of the urban railway system. The
study identified the economies of scale derived from these values of efficiency and examined the effects on cost for free ride loss and
profit of transport by the fare system as the external factor. At the time, Transport profits are estimated by two production factors such
as the number of vehicles and service frequency derived from multiple regression. Finally, the measures to improve the efficiency were
presented in terms of profitability in the national urban railway line by applying the values of efficiency derived from DEA to
multidimensional scaling (MDS).

Key words : Urban railway, Efficiency, Economies of scale, Data envelopment analysis (DEA), Fare system, Cost of free riding,
Multidimensional scaling (MDS)
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Table 1. Comparison of Fare System in Domestic Urban Railway

Classification Detailed contents
... | Fare is calculated based on distance of
Definition
transport
Distance - Advantage in terms of efficiency/ equity
Scale Rates | Strength |- Advantage to increase the profit of
System transport
- Discomfort of passengers
Weakness . P & .
- Increase in workloads in the stations
... | Fareis calculated based on the number of
Definition .
using zones
Multi-zone | Strength - Increase in proﬁ.t is expected when it is
changed to multi- zone system
System
- In case of multi-zone, workloads are
Weakness | increased in stations.
- Discomfort of passengers
Definition | The same fare is applied regardless of
distance of transport
Strength - Ease of work
Flat Rate - Comfort of passengers
System - Irrationality for distance of transport for
assengers of long/short distance
Weakness P B . 4 .
- Inappropriate to secure income of
transport agencies

Data) Recreation using Lee, Han Seong et al. (2010)

et al. (2007), Na (2008)2 A=A HE 235713 tPdo=
F 218 9 2910V T2 5ele] R =e), S
AThtsls 255 SUlE A% laete = AAE
ok o] Qo= AMESARIZPEATU(1999), FrhdA7-4(2010)
IME EAEEE X3 disals g el digh kAl

3} kS AAE vE ek

ole} Zo), HPe] F8 U2 EAEE 2UA|ES] o] 2H
73S ERE, AR AP AmE AR ¢ FelstE
et A=A ARYERle] FE o]FaL glom, &5 =l
+Uo=Z ) WA= A 584

ololAA] ke Ao Wl

142 XEH2EMDEA) 2 HEzF0F Mty
Adtol 5 DEA 7|RE o83 884 W) dve 71
H Z84 AdREAe] FE o] FaL
Bk & AuA] detk
o]0 A= 1990 dhHE Oum and Yu (1994), Cantos et
al. (1999), Coeli and Prerlman (1999), Cowie (1999), Graham
(2006) Fof| oJsl A7 & 3o FE3] X130

gron, FUY A= 20005 ©]F Kim et al. (2000), Lee and
Jeong (2004), Kim and Sim (2008) 5o oJs] &hts] ojofxd oL
t}. =3} Kim and Kim (2003; 2004)= 257188 884
Mof| 2x)A] giar AR 5849 v, Ak wsHEA
5 71& dTellA] Yok et & Al=skSir Lee and
Yoo (2009)= &84 23220 34, Kim et al. (2009)= &84
I AL WskE TEAt W T S e S
T FHO R pro] BlalgA stk

A8 B84 B ARS8 e AR Ees
tdo 2 & AFeA] Kim (2010)2 3847 $014 Zwo.
hro] &84 9 LIS EA41Ek oM, Mo et al. (2012)=

nr{g;&

l

b

oe=Eoll ek el FEA et Ak, e AR e

o B4 23

X2
T
1;;1
HLNL"
[
i
o

o2 3k Yoo and

Kim (2012)& =419 §84S 243 &, AHE= Agsn
A= Aol disiM= o5 H83le] HlaEAEkdct
T A7 |dE B8RNL VIS AYAT Bl
ohd wid Arjsle A7 IS B3l B dH B 28
S vangrRslar Qlok vk, AEAR] Aesds wideie =ds
Pdo = ot 584 9 1] ARSI == e RS
Ao g 5 el ZUIE 13 FHe] Efd ofRE 7SSt
= AREEN wEA] "asitiar S
2. J= CAAE Sl 98y

2.1 T EA[EE gt

20129 @ 7|E AR mAEEE
o) 23 Foll Yo, Ag 8 A, FAF 47 =4, o
22N A, Q1A B, i 2t 1)) =Xe] Qlar, RIxARIe =
A Mg 93419 Fak-Flal] AR, AR, o gy
o] k2 Aol ko] 44 delshs AR
o7 HY ) =218 AR F 177 =18 BAvpY Mo s
AL, B89 ST

o8 A5 F B ool IHE PEES AR, =
A9 S o] AplEAE, Fakal v o577,
uiel FFRGe FARFAE Aesie] FgFolrk T3k 2
AlzE Ao Qo] sG] ) a3k} foldk e
o] e AT 2 FH(ER)PWEMNFHE, HRT)E, 1 9

17 &7l & 2174

Vol.34 No.2 April 2014 607



Table 2. National Urban Railway Being Operated by Public Agencies

“12 Transport statistics
Number (Million persons,
. Route e )
. . Date line of Million won) Fare Type of | Line of
Corporation No. Line length . .
opened (km) stations | Number of system car analysis
(number) transport Revenue
passengers
1 Seoul linel >74.08.15 | 7.8 10 167.8 83,200
2 Seoul line2 ’80.10.31 | 60.2 50 752.9 479,304 |Distance Scale
Seoul Metro - O
3 Seoul line3 ’85.07.12 | 382 34 286.0 166,747 | Rates System
4 Seoul line4 ’85.04.20 | 31.7 26 306.9 185,299 URT
5 Seoul line5 ’95.11.15 | 523 51 307.0 183,704
Seoul Metropolitan Rap]d 6 Seoul line6 ’00.08.07 35.1 38 188.6 99,850 Distance Scale O
Transit Corp. 7 Seoul line7 | ’96.10.11 | 57.1 51 338.1 207,091 | Rates System
8 Seoul line8 ’96.11.23 | 17.7 17 87.5 49,778
9 Busan linel ’85.07.19 | 32.5 34 157.7 115,690
Busan Transportaﬁon 10 Busan line2 ’99.06.30 452 43 109.2 85,066 Multi-zone MRT O
Corp. 11 Busan line3 ’05.11.28 | 18.1 17 323 22,270 System
12 Busan line4 ‘11.03.30 | 12.0 14 9.7 5,727 LRT
Daegu Metropolltan 13 Daegu linel ’97.11.26 259 30 67.1 43,995 Flat Rate O
Transit Corp. 14 Daegu line2 ’05.10.18 | 314 29 59.4 42,544 System
Incheon Transit Corp. | 15 | Incheon linel | "99.10.06 | 29.4 | 29 90.6 64507 |Distance Scale @)
Rates System
- - MRT
Gwangju Metropolitan | - | o oii linel | "04.0428 | 205 | 20 172 10763 | [latRate O
Transit Corp. System
Dacjeon Express 17 | Dacjeonlinel | *06.03.16 | 205 | 22 385 28,15y | Multi-zone O
Transit Corp. System
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Table 3. Technical Statistics

Variable Mean S.td.. Minimum | Maximum
Deviation
Route | = 5 5 153 78 602
length
Numberof | 5, 5 13.0 10.0 51.0
stations
Number of
put | o 309.2 217.9 80.0 834.0
Trainkm | 39152 | 22698 | 1,339.00 | 9,418.0
Costof | ere0 | 11973 | 503.0 | 5213.0
transport
Frequency | 394.9 174.8 2400 | 998.0
Number of
transport 177.4 184.3 9.7 752.9
Output passengers
Revenue | 110218.1| 114,925.8 | 5,727.0 | 479,304.0
N 17

Note) Route length(km), Number of stations(number), Number of
cars(number), Train-km(thousand km/year), Cost of transport(hundred
million won/year), Frequency(time/date, Weekday), Number of
transport passengers(Million persons/year), Revenue(Million won/year)

Table 4. Multiple Regression Analysis Result for Variable Selection

Dependent Variable = Revenue

B tvalue | Sig. | VIF

Constant -110,711.979 | -9.225 | 0.000

Number of cars 275.038 7.760 |0.000 | 2.645

344.099 7.790 {0.000 | 2.645

Frequency

R Square (Adjusted R Square) 0.976(0.973)
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Table 5. Transport Efficiency Analysis Result by Line

Efficiency analysis result
DMU TE PTE SE tlsestg;; Reference

1 | Seoullinel | 0.9048 1 0.9048 | IRS 1

2 | Seoul line2 1 1 1 CRS 2

3 | Seoul line3 | 0.8334 | 0.8754 | 0.9520 | IRS 2,7,17
4 | Seoul line4 | 0.7710 | 0.8612 | 0.8953 | IRS 2,7,17
5 | Seoul line5 | 0.8157 | 0.8179 | 0.9973 | DRS 2,7
6 | Seoul line6 | 0.6114 | 0.7535 | 0.8114 | IRS 7,17
7 | Seoul line7 1 1 1 CRS 7

8 | Seoul line8 | 0.7218 | 0.9686 | 0.7452 | IRS 1,2,17
9 | Busan linel | 0.6573 | 0.8020 | 0.8196 | IRS 2,7,17
10| Busanline2 | 0.5102 | 0.6621 | 0.7706 | IRS 2,7,17
11| Busanline3 | 0.4844 1 0.4844 | 1IRS 11
12 | Busan line4 | 0.0977 | 0.1390 | 0.7029 | IRS 1,17
13 | Daegu linel | 0.3753 | 0.5298 | 0.7084 | IRS 2,7,17
14 | Daegu line2 | 0.4113 | 0.5539 | 0.7426 | IRS 2,7,17
15 | Incheon linel | 0.4299 | 0.6486 | 0.6628 | IRS 7,17
16 | Gwangju linel | 0.2036 | 0.3157 | 0.6449 | IRS 17
17 | Daejeon linel | 0.5832 1 0.5832 | IRS 17

Mean 0.6124 | 0.7605 | 0.7897

Note) TE(CRS): Technical efficiency(Constant Returns to Scale)
PTE(VRS): Pure Technical efficiency(Variable Returns to Scale)
= Operational efficiency
SE(TE/PTE): Scale efficiency
IRS: Increasing Returns to Scale
DRS: Decreasing Returns to Scale
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Table 7. Transport Efficiency Analysis Result considering Cost for
Free Ride Loss
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Data) A: Out Variable = Revenue (hundred million won/year)
B: Out Variable = Revenue + The Cost for free ride loss (hundred
million won/year)
(B-A)*100: Rate of change(%)
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Fig. 2. Location on Space of Lines of Urban Railway In Two-
Seoul Metro 143,746 18.2 Dimensional Analysis
Seoul.Metropolltan Rapid 87,834 19.1
Transit Corp. Table 9. Efficiency Classification of the Lines of Urban Railway
Busan Transportation Corp. 82,656 39.0 using Multidimensional Scaling (MDS)
Daegu Metropolitan Operational Scale
. 27,448 35.8 i
Transit Corp. Group Line efficiencies | efficiency
Incheon Transit Corp. 6,382 12.7 A Busan line4, Gwangju linel very low average
Gwangju Metropolitan 6233 653 Busan linel,2
Transit Corp. Daegu linel,2
- B . low low
Daejeon Express 9.012 354 Seoul line6,8
Transit Corp. ’ ’ Incheon linel
Data) Yearbook of administration use Statistics, 2013, Busan C Seoul linel,2,3,4,5,7 high high
Transportation Corp. D Dagjeon linel, Busan line3 average very low
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