J. Korean Soc. Transp. Journal of Korean Society of Transportation
Vol.33, No.3, pp.304-314, June 2015 pISSN : 1229-1366
http://dx.doi.org/10.7470/jkst.2015.33.3.304 eISSN : 2234-4217

X5td 3 H+ AEE S5t =3 X|51E 9
12| &2 "Il 2§

M =N

O|RHEI - ZILtAd*

=
@l et 2% B 7Y

pud

A Method to Evaluate Distance Efficiency of Seoul Metropolitan Subway
by Estimating Subway Detour Factor
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Department of Transportation and Logistics Engineering, Hanyang University, Gyeonggi 426-791, Korea

Abstract

Detour of metro (subway) in metropolitan area has been regarded as one of inherent elements that make entire metro
system less competitive than passenger cars. However, factors affecting detour of metro line is not specified clearly when a
new subway system is planned or an existing system is improved. Previous detour-related studies was reviewed for
developing 'distance efficeincy evaluation model* for metro as well as its counterpart (i.e. road). Metro line 3 (orange line)
of Seoul metropolitan area was applied as a case study. As a results, the most detoured OD segment is Daechi -
Apgujeong and its detour factor is 1.93 which means that the distance of the metro is 1.93 times longer distance compared
to the distance of the road. The metro line 3 has averagely 20% longer distance compared to road for the identical O/D

pairs.
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a7z ek AR, 29 WekE(Manhattan) Az 2 Fgrrfe] AxaA 71E ThAA o] el wet o
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Table 1. Synthesis of detour factors
Definition Range of Estmatlon Case Formular
network object study
Takashi Measurement  Single Each Simple R ST e
(1977) in  to mode node Networ &= Zg[d(”) —elij)l
Han evaluate the  Network -k; '
(2010) rank of 6 nodes  Where,
nodes in a C, : dircuity factor at node i
network e(i, j): distance between node i and j in a ‘ideal’® network.
d(i, j):actual shortest distance between node i and j in a given
network
Kim The ratio of  Single A city = ZE NST
(1989) shortest Mode MENETD _ n(n—1) )
distance to Network ACCENT= MEDIST DST, (i)
Euclidean 22 n n—l
distance®
Where,
ACCENT : Accessibility of a network
MENETD : Average shortest distance between two zones”
) INST
T Tnln—1) (i = 5)
MEDIST : Average Euclidean distance between two zones”
Y).DST;;
EEICES et
NST; : Shortest distance between i and j
DST;; . Eucidean Distance between i and j
n . the number of TAZ(Traffic Analysis Zone)
~ITD
ACCENTT= 3rpp ISTT
Where,
ACCENTT : Weighted Accessibility of a network
ITD : Average distance between inner TAZs
YD (NST< Tyy)
= —(z = j)
NST, (i~ j) . Average distance between i and |
MEDISTT : Weighted Average between centroids of TAZs
Y)Y (DST;x Ty)
= 1—(2 = ])
EZ
DST,(i = j): Eucl|dean Distance between i and j
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Table 1. Synthesis of detour factors (continued)
_ Range of  Estimation Case
Definition network object study Formular
Levinson The ratio of Single Entire 22 > dy
and network to  Mode Network cities O = A<
El-Geneidy Euclidean  Network LoD e
(2009) distance A6
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e W e,
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under® : . .
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C; : unweighted circuity of trips in the interval i (based on
network distance), interval size s = 5km, threshold S = 60km,
total number of intervals i = S/s = 12
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driving Network es’
distance to Where,
euclidean Actual driving distances : Depend on the judgment of the commercial
distance provider, or of the researcher tracing routes
Euclidean distance : 3959 (arccos(sin LA T x sin LA T}
{Jr cos LAT,; X cosLA Ty }
X cos|LONG,— LONG,)
(unit: miles)
Derrible The ratio  Single Entire 19 _ L _Keng
and total Mode Network cities mTL.5 3
Kennedy number of  Network - K e ng
2009, line to subway
2010) maximum  with Where,
number of  multiple t : Directness
transfer. lines L : total route length
§ @ The maximum number of transfer
x . segment of the average line length
n; . total number of lines of a network
ozl @3S 7I¥Ith Levinson and El-Geneidy (2014)E 712l Levinson and El-Geneidy(2009)
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Plunket, 2012).
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Figure 2. Expressed 3rd line subway in ArcGIS
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Table 2, Quantified detour factors(3rd line subway)

Number of Number of Average Standard of
Formular Definition Det(()Tuc: fasc)tors Between D?é%lgoﬁcg?rs Between of Detour  Detour
P 0/D? 0/D factor factor
D Detour factor 1708 (Daecheong 0 1.0010  (Madu 0 1.15 0.58
/ Dister (Distance of -Hangyeoul) -Jeongbalsan)
=1 road network 1611 (Gupabal 0 1.0013  (Hangyeoul 0
Dist{;" by Euclidean) -Jichuk) -Daechi)
1.488 (Yeonsinnae 5 1.0015  (Juyeop 0
-Hwajeong) -Daehwa)
1416 (Irwon 3 1.0017  (Daechi 1
-Dogok) -Maebong)
1.404  (Daechi 6 1.0020 (Euljiro 3-ga 0
-Jamwon) -Jongno 3-ga)
D;_“b Detour factor ~ 2.301 (Hangyeoul 9 1.00002 (Madu 0 1.38 0.70
/ Dist?h (Distance of -Apgujeong) -Jeongbalsan)
=1 subway 2288 (Daechi 8 100014 (Geumho 0
Dist; ES?IIi\g)erla(n;)y -Apgujeong) -Yaksu)
2.160 (Dogok 7 1.00015 (Euljiro 3-ga 0
-Apgujeong) -Jongno 3-ga)
2.157 (Daecheong 10 1.00130 (Daechi 0
-Apgujeong) -Dogok)
2.033 (Daechi 7 1.00133 (Daechi 1
-Sinsa) -Maebong)
i Detour factor ~ 1.930 (Daechi 8 0.70202 (Daecheong 0 1.20 0.62
peub (Distance of -Apgujeong) -Hangyeoul)
= e SubWayby 189> (Hangyeoul 9 072335 (Gupabal 0
o P()lzt;r:\c:tv%rk) -Apgujeong) -Jichuk)
_ Dist;; 1861 (Dogok 7 0.74574 (Dongguk Univ 0
Dist{" -Apgujeong) -Chungmuro)
1.734  (Maebong 6 0.76096 (Seoul Nat'l Univ. of 0
-Apgujeong) Education
-Express Bus
Terminal)
1.728 (Ogeum 15 0.81956 (Yaksu 1
-Apgujeong) -Chungmuro)

Z U fer 1 «1‘3]% e =2 HlgA dnt dl, o] onle Aehd 35412 =4 Yellxe] g3e] 3
ol

U $3E skertrE dEEes yehlle At | T =2 vjaf 128 AdEde 7, ol vE
S adl SR (i) el PG dol L e 2 A Lo fale dok e 29 4 A
olfre 1 9E 19| Astdel Aert =9l AzlEn
o 3}71 wEoltt, dubo R xshdel $-3)7} At= E9|
AL =z 3= ave Ae ArishAltt, 2 =30
uledel 2 sbdel Ayt auu B kAol w2 Figure 32 At —'“W% ARG A 74 of| et
Aelnt} Arhe AL ou|gh. 49 59 (G, §) B o] YA7F A% E 3 1w GEl7E AR E e A
w2 YEY I v ARASL fatoz gl w e HolFa o (Abler et al.(1971) in Han
By Ak A7 Aelsl AvH oz Bele Ast (2010)). o|AH§ A9 93] Ho|(F, H| &) A<}
o= w2 Hg w037} Algk ABS) ZThH o £ T3] FABAE T w410 AHE AHete
2 vojZth Agdow Asd 3549 A mE (AT AN Amedd Ao wBelet & 5 o
o Figure 39 (a)¢} (¢)& WwsiRy, |82 &#] 2. 3%
j) 8ol e B gkl “‘”lgTjO] 1.28 AE e F T7MAEd 9L 129 T A B 4 g
8) Aad 334l Atelde] Age) HF ke 13.74 9: 3549 F A9 A 434

thetw S ets x| #33H 3%, 20154 62 31



Article A Method to Evaluate Distance Efficiency of Seoul Metropolitan Subway by Estimating Subway Detour Factor

o1l
o o3 o2 " Length=Cost=10
O Profit=20
X Y
o1l 01 Net Profit=10
Oe6
(b)
o1
Cost=10.8
0 03 10
Profit=28
X
o1 o1 Net Profit=17.2
6
©
o1
3 2 Cost=123
10 10
Profit=32
X o1 7 Y

Net Profit=19.7

Cost=14.9
Profit=34
Net Profit=19.1

s
32,

v

N r

o,

O

J 2
)
ruﬁ

i
S

0]}
E

o

@

o rle
o
tot,

(

qf o o HF -

=
ﬂ&
ﬁ
L
o
2
i
>
1o
)
HI
mln H

distributed)Jet & 4= i}, =, 3

=
GAelE 2 URe S8 $Ioh FEA Lok
A EE 318 Bak gk AR, Ble-Ee] 247
FAo A B A} Aoksh o] 1 E <toA o]Fx

A a1 g7] Wil v)-8—e] £49] Fo & A7
WHET AES FIE A5 =do] A2 A7)
53], & A7t $3)9 AAE £49 2 s I
A ArEolge S AN, 94 dYGeld
9] trade-off #A| #NA A& Pt 0|5 ZAl
/3 B ZEALA Y] ARE 2 A9 scopedl| Blo]
dria ddeta gtk H|8-1] BAL A B
3t ok W F ahteln, @l 2] Ak} AEE)
ISl e EEeh 1 M8 A8 Held o
= o] 23] sl A
ofugta ket Ag ALl A ol gt £-3]
o FTF (=21 A9 Jb AEAT A
£4 )& BAGENC 2FAT)= Bl HE Ao
wafM e el A7 BesElr

g, 2 B0l BYPEE9} coverage?) £ trade-off

A & Aol FAISE Ha vt (Derrible and
Kennedy, 2009). ¥ coverage’t & EE A 5HA|
713 2 A¥ F FYPAZe] E U trade-off Al
al-= Lam and Schuler(1981)# Lam and
Schuler(1982)°] 75 g < Slth.

AR A% S FPAL AGe 29 1o)S
W40 st ool B o] Byt vz
$8% A% tEA Belojekn & & e v Be 57

S oA A o) 3L £9AV} ¥AT Ao A
o= 39 A Zelth, ¥ Dol FEstn Ae Ae
o] 57 7K &, (a) S5 WA YA A%
W Aekae) A4 et (b) 294 $9 FE

Trade ofAs U Aelck £2 421 431 1

_— r
o
<
Q
(o
‘?
(=}
:g
é

o

Graph Theorye 22402 wEAF9} Fgo] Z
t}. 18417] Euler”} #1A1oF] Konigsberge] €& 71<]
ZHE B Graph Theorys #<IgE olzf, 19604
197040 B2 A77F 28 EF ATl $&HA ot

9) 9& FAeE dFAY (EF 500m)e] WS A o]5 e
o] gto] AW dFuEel FEddo] Bolxltks 2E v

312

Aol A& 5 ol g

Ag Aket] A mAe b er U i

Journal of Korean Society of Transportation Vol.33 No.3, June 2015



LEE, Jae Min * KIM, Nam Seok

1970 S5k o]+ wEF e R g o] Ao T8 FAAL
2 me27] A&st ©] Graph Theory] wE
&S AlEeS 98 et sik(Derrible and
Kennedy, 2009). th] &, ol2igt wG WE IS
NgH oz Byshe 7|52 MEdsla o) & S8t 4
TE 3] FEFE B8t 19709 o] 2= ¥
< A7 FHHA = e A71E davt gt
A= AB7HA] AlskEe] =2 tiek Ao A5}
£ theket AdolA =ojsligked], 1L AAEH e A A &
AellA Azl Akl BA @ken, 1 Aol
ol Ax "o =R 5 ]74]}4—& APgsket dAlE
Boh & Oq:fLOﬂ’ﬂL H & 52 1] ok vd
A0 A5-E AT PAT A OPI‘E 3Tl YHHoE =

Fl

dshalek. Fol, 7129 walel 3ol 32 oY
#49 2EALA nele 2o WE P B A
F7h AR B Foltt.

54, 99 wHoE A7) R g
F2 B A Aol AR SHE NS 93
FARAT. 2 BA DAL B GF Aol
3Pl wieje] sofol & o]tk T A A7l 4

O

-~
do o4

rzi
2L
=
ofy
=]
off
o2l
)
o
>
&
do
o
>
o
—
Ho

E%’S}% Aol ojAd ﬂ%wﬂ ﬂEt Ry c}:
zole, % A7 2 Aol T Yot )2
AH G F3Hog 1:-] nﬂo];ca;qc Tag=

ACKNOWLEDGEMENT

This research was supported by a grant from

thetw S ets x| #33H 3%, 20154 62

Article

Transportation and Logistics Research Program
funded by Ministry of Land, Infrastructure and

Transport of Korean government.

REFERENCES

Abler R., Adams J. S., Gould P., (1971), Spatial
Organization: the Geographer’s View of the World,
New Jersey: Prentice-Hall.

Ballou R. H., Rahardja H., Sakai N. (2002),
Country Circuity Factors for Road Travel Distance
Estimation, Transportation Research Part A, 36(9),
Transportation Research, 843-848.

Campbell J. F. (1990), Freight Consolidation and Routing

with  Transportation

Selected

Economies of  Scale,
Transportation Research Part B: Methodological,
24(5), Transportation Research, 345-361.

Cassi L., Plunket A. (2012), Research Collaboration in
Co-inventor Networks: Combining Closure, Bridging
and Proximities, MPRA paper No. 39481, posted 17,
Munich Personal RePEc Archive, 42.

Derrible S., Kennedy C. (2009), A Network Analysis of
Subway Systems in the World Using Updated Graph
Theory, Transportation Research Record: Journal of

Research  Board, 2112,

Transportation Research Board, 17-25.

the  Transportation

Derrible S., Kennedy C. (2010), Evaluating, Comparing,
and Improving Metro Networks, Transportation
Research Record: Journal of the Transportation
Research Board, 2146, Transportation Research Board,
43-51.

Giacomin D. J., Levinson D. M. (2014), Road Network
Circuity in Metropolitan Areas, TRB 93rd Annual
Meeting Compendium of Papers, Report/Paper
Numbers: 14-0955, Transportation Research Board,
1-19.

Gyeonggi Research Institute (2010), A Study on the
Improvement of the Congested Bus Ridership During
Rush Hour (W 2 2R £33 = 71X Heh

Han J. S. (2010), Geography of Transportation (154 2]
g}e] o]3}), Hanul Publishing Company, 279.

Kim H. C. (1989), Analysis of Spatial Population

313



Article A Method to Evaluate Distance Efficiency of Seoul Metropolitan Subway by Estimating Subway Detour Factor

Distribution and Network Accessibility in Urban
Areas, J. Korean Soc. Transp., 7(1), Korean Society of
Transportation, 43-55.

Lam T N., Schuler HJ. (1981), Public Transit Connectivity,
California Department of Transportation.

Lam T. N., Schuler H. J. (1982), Connectivity Index for
Systemwide Transit Route and Schedule Performance,
Transportation Research Record, 854, Transportation
Research Board, 17-23.

Levinson D., El-Geneidy A. (2009), The Minimum
Circuity Frontier and the Journey to Work, Regional
Science and Urban Economics, 39(6), Regional
Science and Urban Economics, 732-738.

Miller H. J., Shaw S. L. (2001), Geographic Information
Systems for Transportation: Principles and Applica-
tions, Oxford University Press.

Ministry of Government Legislation (2014), Sustainable
Transportation Logistics Development Act (A&7}
WEEFLAZER)

Parthasarathi P., Hochmair H., Levinson D. (2009), The
Influence of Network Structure on Travel Distance.

Seoul Development Institute (2008), Network Reshuftle
for Seoul Metro (EA] A% =X 7)1 A A siwleh),

Takashi O. (1977), Basis of quantitative geography (il
HELELNILRE), Daimei-do (FKH4), Kyoto, Japan.

The Seoul Institute (2014), Evaluation of the Quality of
Public Transport Commuting in Seoul (t} 525 AH]
2MAE A M eA E2Ed ] A 7D,

482 =T ddusdd 723 gednd
(2015.2.14)04 LEH W&S 57 Bgdte] 2
e Adyt

& FEMA : oolxel

S WA MK e

S =25F0Y : 201412 5

S =2AA - 2015 1,23 (1RY)
2015. 3. 24 (2K
2015. 4. 13 (3%h

& AAFEEY 2015, 4. 13

& HEEHSIIS ¢ 2015, 10. 31

& 391 oy AlAjd

& 191 abstract W™ Z

314

Journal of Korean Society of Transportation Vol.33 No.3, June 2015





