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& Atk A T B dFe & 7\4_019} AR AEd Ade e, ole =
AE T dF e T8 UH BRItk 8 =3FF Metro7} LRT % Tram
2ok 6 $A VB Tran® W ggoln S50} vhe 490 £9uw
8¢ & % 3k
<E [1-10> {FEU Metro2t LRT ¥ Tram System &
= 1%(km) =i EER-ELETE)
Metro 2,675 169 17.2
LRT & Tram 7,303 1,149 12.8

XtZ : ERRBAC, Metro, light rail and tram systems in Europe, 2012.10

<HE I1-11> FEU Metro2t LRT ¥ EZS| 2 HW

(Eh2l: BHERlkm)

Metro Light Rail and Tram

Total 344 1.43

XtZ : ERRBAC, Metro, light rail and tram systems in Europe, 2012.10

6) ERRAC(2012)2] “Metro, light rail and tram systems in Europe”®ll AAIE &S Az, a<F sk



24 AMSHTHHHMAY Bty "o}

i
o
_(')L
>
o
,E
ikl
o

M

<# [1-12> FEU Metro2t LRT ¥ EZS| AL & A= Hlw

(EH]: km)
Metro Light Rail and Tram
SAL S A2 SAL & A=
Total 391 397 488 1,086

XtZ : ERRBAC, Metro, light rail and tram systems in Europe, 2012.10

O A AAY AAHLRT) 2 EAC=HAz) A28 Blw7)

olAlol 97N 7 29705, B] 37, F1E} UlE S & 46l FolA €9 B
91 LRT % Tram®] A28 @33} Hx AEA7E Avind thev) 2o,

<H [1-13> O[A|O} XY =271 LRT2 Tram S& L X JHEA|7|

sy | 1980 | 1981~ | 1901~ | 1921~ | 1941~ | 1961~ | 1981~ | 200t

= o|H™ 1900 1920 1940 1960 1980 2000 (o] =2

= 21 0 1 13 3 3 0 0 1
== 1

> 0 0 2 0 1 0 5 13
E{7| 10
FIRtE AE 4
=%t 2
olE 1

1 0 1 1 2 1 2 5
o|AzA 1
otetollalolE 1
P 7| LB 1

2% 52 1 1 16 4 6 1 7 6

Xt=: Wikipedia, List of tram and light rail transit systems, 20155 92 SX|

<E |1-14> 2, 50| X¥ 271 LRT & Tram & & 2 Z | SA7|

b

s 1980 | 1981~ | 1901~ | 1921~ | 1941~ | 1961~ | 1981~ 20(2
o 1900 1920 1940 1960 1980 2000 o|=
nj= 47
FHLICE 4 5 1 2 2 0 3 19 21
=N 2
A 53 5 1 2 2 0 3 19 21

Xt=: Wikipedia, List of tram and light rail transit systems, 2015 92 SX|

7) 201533 9¥ HA| Wikipedia®] “List of tram and light rail transit systems” W82 Q°F 2|}tk



Mz MusSasrtol Mol 5 EM 25
<# 11-15> |8 X9 F71E LRTS Tram & L 2% JHSA7
54 1980 | 1981~ | 1901~ | 1921~ | 1941~ | 1961~ | 1981~ | 2001
= ol 1900 | 1920 | 1940 | 1960 | 1980 | 2000 o|=
2 A[O} 62 1 6 10 16 20 6 3 0
=Y 50 12 20 4 0 0 5 8 1
ZA 28 0 1 1 0 0 0 8 18
=Y 23
3 12 6 10 3 2 2 1
== 16
O|EfZ|0} 12
FatLot 12
A 2! 11
20 30 16 0 2 3 15 21
A= 8
M2 7
71EH1971=) 57
A 286 36 69 37 26 25 16 36 41
XtE: Wikipedia, List of tram and light rail transit systems, 20153 92 &xj
<HE 11-16> =F ¥ 0| XY 271 LRT2 Tram S8 L £[X JHSA7
54 1980 | 1981~ | 1901~ | 1921~ | 1941~ | 1961~ | 1981~ | 2001
= ol 1900 | 1920 | 1940 | 1960 | 1980 | 2000 o|%
=23 4
Ot=lE|Lt 3
2ot 3 1 1 1 0] 1 0 4 4
XIE.” 1
2ZH|of 1
A 12 1 1 1 0 1 0 4 4
XtE: Wikipedia, List of tram and light rail transit systems, 20153 92 &xj
AT ARG AAE FH ZAY9 1597] =418 gdoz st AFAE 14
< AVEY R [ o] oF 0.4km~0.8km ©JHiQl AC® e
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7t ZEAo| EMLHAR) F7 B8 Y S8

o mUw 57U F15e Asdstns UE Ae
25k AsHo] =ARHA B3k ST TR

o to H

&
AR E A7k REFBOR A4se) B4 WFY FHFOE
al

1ol A =
TS st vk 53] ZzolAE 1982d wEHILOT)S AlAste tsuls
A e HE 0w HEs] AN RE Efo] BA wEe FATHORE A
mAsk7] AlFetRth oM ER AMYS Bed s TEAETL ofyg} BA
LRSS 9T BA ZRAE] dgo g IhFate] Thefet TAlolA EilelA &-8sta
AL HZol = AHHOZ AYS FH AL Utk A 3093 771, ook, v= T
A AAASE FEe EF o] A4 9 &9 Tl Jlom, Alqf Aol 3712
AT Itk HEAES T EAEEMER)} ERS 5 &8st ot 4
2oz 3 Frd Fete BAES EY JFE MHIAE FFsk ok
<H 1-17> 8 F2TA TAEED U E H3
g ol EANHE oHAF EY A% (ol o EY A
e (2H) (kn) (kn) (k& ©1)
ot 2244 216.3 105.5 47
2lS 48.4 31.8 63.0 13.0
BT 15.6 - 43.0 27.6
22T 239 - 57.0 238
gE 28.5 - 44.0 154
LI~ 343 - 87 25
2y =2-sH 14.0 - 15.7 11.2
7l 19.3 - 53.0 27.5
N EE, 78.0 425 94.0 12.1
ZHE=H 61.0 79.3 75.0 12.3
50|11 495 10.0 105.0 21.2
g Al 53.1 53.6 48.0 9.0
FEL 23.0 - 78.0 339
=284 112.6 499 138.0 12.3
zl2/3] 37.9 380.0 82.0 21.6

AtE: Urbanrail.net, http://www.urbanrail.net(2015. 10. 20.)



SA Al HAL, 1966elE= H(Lille), vFEAM O]f(Marseille), AJEE] N
(Saint-Etienne) & ©A| Al TA|AT EF A|2ES B FG31a QATE AT 1973
W 2y &3 o]F AZatd 7Nkt =2 wEo A tial] Q1AEHAl H o) E

o2 FFuFe e FA5 =87 AEeth

1975\ 0l A nFEE HIAFE nf=4 Flato]ol(Marcel Cavaillé)7} A& E
Stz Zg2o] g7 BARE AR AAste] 2 EAl Efl A oAE
1 6712 & EF 290 s BAZARA =4 AA o] AlFE AT
A 7] AR 87 E=A7) obd Zeps AEe] 93 FE(Nantes)ol A S
s 12]1:}713}04 1985 AhA] ERS 7P WA YT WE
o 2 dhod 19874 12 % E(Grenoble), 1992'd 3], 19943 £

U]
™ o
e
Mg
lo
:g
R

rulo

2= (Strasbourg)oﬂ 2v7y Efo] AMFHIL 53] 199439 2~E
2H2o] AdE Aol EfS By g diFus 31 FUE 53 =4 33 A
Tl I EF 5119 AP S HAFH o]F AMH Egs TAES E
ol & FFS 71AA HAk FA ZF2oll= 20 A7 He BA EF kA4l
wFH JoH, AFE ALH R FiEIL Y= FAlolt

Zgie T AR Ef #Ed AYS A28 st Qv Zg]

& 93l 201019 A7 Grenelle 1 e ¢ tsusol sk Fx7F 4 Y

8Lld), I FollA EFS tsuFAE F 9% 24km 7 205km(=7F ALE <
13%)2] ¥1Z& A3k o] Ed A4 Ajle] AlF A4S VEoRE HAWtgs

A5k 9k

8) HE% TJ=2%w 8 A, Y FY 2EfaBE2 EF EFZ(Bordeaux, Grenoble, Nancy, Nice, Rouen,
Strasbourg, Toulon, Toulouse)
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Le Mans
.ﬂmgeg_s*%‘
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o

Tours*®

Rennas &

TCSP en service

en projet®
@ nen
)

Tramway
®

sur fer
ou preu

Bus a haut
niveau

de service
type busway™

Toulouse* @0

wValenclennes

a"f‘ Reims
Nancy g

ffS Orléans

Mulhouse £

Nimes*

Montpellier

Xt=E: Le Tram-Grand Dijon, http://www.letram-dijon.fr
SR SHTR(2013)01M MMl
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o BERF ananarin
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oTT %
kS| 105k 78.26km 65.19km 49.36knt 71.92knt
el 22449t 278 g 2850+ 2390+ 34.30HH
Eabe 97K 674 374 374 17
AT 105.5km 57.5km 44.0km 57.0km 8.7km
Ol2744| Q0P ZYY | 31T Y | 280ISH Y | 287RF Y | 90+ 3y
AHE 18174 727} 8371 11174 2274
Hed T1(19924) 19944 19854 2003 20074
=YG7|2H| BATP | SNCF CTS Semitan Keolis Ligne d’Azur
o OiZ| HIERE |- T W) 28 | ZZA F X2 | XHS S6H X |- HIEHZIE &E
Hdste XM | S =HEXSH| ORI EY | HIF ALH | B FEFUH
VII=! eSS ) =Y ZA oI APSA X | A AE
- el YRl 9l |- EMS S5 £ |- Ego| EA B| £ £9
S8 | AE T3 M2 A BT IE | 859 B4 |- =M 2%
J|ES] MA | HB(EBO & e BRI
oS ohA| Al 3 Ha) &< & 60kn7t
= 70|
= A0
Xt&: Urbanrail.net, (http://www.urbanrail.net)

Wikipedia, (http://fr.wikipedia.org, http://de.wikipedia.org)
SHEUSHTAA(2013)01M el
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1970dd) FES] tsuse o222 Mazu A AT AN FA A
olAH U7 4 h(Alain Chenard)= Th¥st B4 1ol LAt 2AE st
e E2E S8 gulgAlAck dthal BYla, ol& flal 7Y A-d e
Ui 7eH o8 FHEo &is] 8ET AW Efolzt A4 = A
AFHo 7 RYPS ey EY ZZAES FSUE 1983 A2 ARl w4
£2E](Michel Chauty)= Eflo] EAIE EEAZITE AZste] A Aol Fxl8d E
ZZAE Rt o, o ZEAETE s XdgEo] | Aol HET
7= o8t

1985 PR QEoA T~ HxE A EH
2ZbsHAl H90a, ©]F 199213 EF 24, 20007 EF 3%
23 Atk GE EFL FA 3/ =4 44.0kme] A%
T e o] ARRE AFHoE P QUth

_1

O

O

nﬁL

o] JEZAoZ MU AE A
XM7MA] A Elo] Ao o]
o] 3% H o] &Mo] 285

[O& 11-7] ZYA YEO| ME E24(Urbos 3)

XtE: https:/fen.wikimedia.org
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3) AEEIARD

1980t ~EgtAR 2 s M)t S8 7R 3] 29 o] FAsFTh
=1 J

0|2 At ~EGFAREZE AMH ZTRAES FR8H HYa, R Ag
58 Wt AAEY EFY FolA 2IPEHER] VAL AR AHEd 5US
Al z=ghol et PAdelTh 39 ol ERS EE Ao dAsH HY E2
o] o] WAL A FE BEAH o= ATFEe 1A AR o]zt
+ Zoltk. kAN 1989\ el #Hu} Ad3Fe] 7lw| EEXERKCatherine Trautmann)©] A
Aol FAEM Fgo] dxEe] ~EgGAREEE 7AMH7F VALY 1/40] B35 EFY
< A2 FAHIIATH

XtE: https:/fen.wikimedia.org
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SA AR 5 ZFEA EASS 2ste] A AHHoE FHT Qe TP
EF AR i d3Folzhs BE B Utk TR0 Efo] HEor =
UEAL PS5 e ol T /M8 8% AL AN, EY ZRAES wed
W ZRAEV} opd BN ZRAER o7 T4 AARIARIS S k7] wiol
o =2 $ES 3 WA EF 2Rl o uF Z2AESRY ¥ 4 9oy ofF A
e 2Egtai2 58 EX ZIAES TA ZRAER SAte] AYE 3138}
AT

a3 B Z2AES} A tiFgaE A B AT AR AAlTe TR
AT st AAF AT ol ALH R FHstaA}; sk oAE 4
& AHTE AL Stk e oR Edls EUT tiFEe EASIAE Aol
Aprlel AAZAR fds Aestal EF E9)e A4Hs] A8 o 344 4
T FAE S T A2 FHe tleals F8el sl AN o= oAl
ARES dITuToR® Foscls AUF] Hol taase] T4l He =AR
R g e 7IRke] H U Aotk



1) Y2o| EY-HAX) I AXE 9| 3l Bzt

g A ‘:Al%—i 7o) AZFE ZAe 196810 WS (The 1968 Transport Act)
o] WE e} A FYAT ALY A A o] AFHHA FEIRTE 7)ol FE
T H (heavy rail)oll thgk FA7E o] Fo|A F=olA F HAARE F AHA2E g
HE2] ‘Link and Loop’, S2t2119-2] ‘Argyle Line’, 12|31 #¥ “Underground’ 2]
Arst Abdo] ol o] FojFth o] Al 7He] Akl R WolA AA Y=o 3t =
AFER FAT olo] 1980t EoA= AdHe] A5EUT AHE AANE
gr=tth oju =94E Aol wHES ‘Tyne and Wear 9} ‘AU E=IANE HHH o]H
o5 =29 3] HEld = A Fe FEE dWrh

Jeu ASAR] AREE B og dAHAY 1980 E AHA =
Ho 9% Agsta 473U AHE Ve gk B9 ot AAY O ZAs

%l 27N =H
o|Z

1990 3ol =R} w3 ES Aeste el FHED o] AUEEA
AHE AANY Ts It &, 99 EAEEE 197019~20001 3 = 7|t

5o ARF oz AHAASy Horls S BIh FHAAE =oEHAA R o] gt
A A s} FA= 2000 o] Fo= HTHo = HPHTt

ol gt FA| &l Mo ® TUE A g AAEL 19920 23 WA
2EFIEA9]  ‘Metrolink Phase 170]™, 19943~1995\d0l= MZ=9]  South
Yorkshire Supertram’®] 7HEE ) 19990l = MU} SHYES Sl= ‘Midland
Metro’7}, 1999%3~20003 0l = @A) 2~E] 33 Al 9] ‘Metrolink Phase 2°7} Z}2} &30S
AZHILE 1 HE BER o]o] 20001 5€olls W] wolXHol| A3 FRo|E9]
‘Croydon Tramlink’7} 12]3L 200439l =B 2] ‘Nottingham Express Transit’©] 7]
SH AT

iy

O WA 2H FH9A 9] Metrolink

Gl A 19921 d0l] AAE ARA e vhe A WAl 2EH FHAS] Metrolink
Hzo E(HAZHCEA I F Phasel S = <
of A3 BEE g2 312 2000139 Phase2E 7153 3 103 o]Ake] Fule A



A% ApEseiel Mol U S4 35

] 2011'AFE] Phase3 7140] AZrE 1A, 2013300 FA oF 3a%} 3b F1to] o34
ol /ME=HUTE A Phase2 SFAFAE £ HH FFA} 218 FolH, A
A wA9] dol= 92kmelar 7/ Ao A 937 HE o] At

[O8 11-9] WM AE ZHAAIQ| Metrolink

£X: &= Department for Transport, 2011

[] MZE=2] Supertram

202 19940 753 AT SupertramS AHZE O E AR A 2EIQIH
A dol= 29kmeoll B3t F 487 98 sk 379 WAoo R FAEO QUTh
Ao RELS v HAA el 3E T Ak
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[3Z 11-10] MEE Supertram

T 3N mACE 9 FEEoE &3 FolH AA do] 21kmel F 267 H&
T FE 7129 FREAS F8ste] AdHFEAT JefF oz SHFE 3
TR oA =HAA FHE ST 7= HEF Fe = Snow Hill
& ARgshE BAIR ARE Auj2rE Y =A0R AAEA] Rt JUde,
olF wHolA A%Fst] W =AR7EA] AAs= Qo] 20120l F1E ¥ AR
93 Zo|t}. ol2w @ o ARFTAIS} A shgo] A =R Zolu),



[3& 11-11] HYUH-SHHE Midland Metro

£X: Railway Gazette(2016. 12 16 =0l

[] I=Eo|& Tramway
H gio] g20]E9 E?J% Tramway+<= 4712 =402 —TLHQ‘H A
5, FEY Al HFoz wWol ok F 28km

- ?71}% VIEEAS AEEII YRE =R
< A



[3& 11-12] A 20|E Tramlink

EX: Wikiwand http:/fwww.wikiwand.com/en/Tramlink (2016.12.16. =Ql)

224 2004 Nottingham Express Transit 7% & Y F] =Hldxr 2 AW
AFY Aol FHEHEA oA AAT) AAE P ARA 2 o] B4
ot o]= 200039 E2H 1070 25 A8 (The Ten Year Transport Plan)oll A
Wehe 4o EA #H gA 2 Al AZE ks Bel dozied, 1k 14
Aol o] 200042] 107 A G Y=4F+= SF 100% 5
7te} 25700 Eehe AR A A ) Aol tie A DS SFxE AT vk 7] W
wolth. shAIRE AlE ik 21 d vl o] F 7hA| ¥ £3UF MW FH4d Aolok A
A 2B BAA, '), |3 AloA FHo] $AE A& 2}

R AT 2 M2 EHHANAEAE) Au 2ol g dHe] B 2 W™ A
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ol#gt 49 ARG ‘U-H(U-tun) 9] #i$oll= o2 72 A&o] A=t HA
‘Railtrack’©] AT A3 #Aglol| St o, =BT =HAZNEAE)] st=gA
7F EAS B d, A20]E =X Croydon Tramlink)7} A4 A F-Z2s}e] So3+
o, Y7 AL IAEo] FoEE GAol AT o T Y ARKIES F oA v
A9 A7) FAE T T510] 2003 10€00] o]2jAs AR 3 ARG HlElE
doldor AZAd Ay FAEA] FrhKnowles 2007). T 200430 -] HA 22
A H3-S FHbEek ¥ 471 9)=H National Audit Office Report(NAO, 2004)7}F
HEZ T2700]t) ‘value for money’ S FR7]FO 2 goo] LHAZNAAE) AES
H7keE o] RuAe] A= v Atk

< © A =3 BRT(Bus Rapid Transit) 9152 H3XE A

°

o =AAAHARNE) = UF HIRIL FAbol| Hg) o] &Eo] W&
o Hlgo] d= Frtstal gloH, Atz A¢E AiEel g3d ARIERY 12

2rE § FH 3005 3= A Axn)go] 713

o 1980 dthell F=ol] AXH 7709 =HAIK A )] H| &L 23 FToln

o] T AF FEE 109 AE=4.

o TN EF AFE Afely o] F 57l DBOM(Design, Build, Operate and
Maintain)2] A<k Ejol] 2|3 PPP Al ©]al Sheffield Supertram3} Tyne & Wear
Metro2] 27ll= Passenger Transport Executive®l] 2|3l 7143 (Sheffield Supertram
< 448 5 RIzIYgel &9).

o Sheffield Supertram> HA| FHFT} o SATE TR SF3let] ot
] 8005t 2= thAil 1005+ FeEo ’“04 2ol IR, wERE A7t 600
T BEES o)z AE F dRE me

o EIUE WA 7EA )} Manchester MetrolinkE A ]stal= 52447] 4
A5 Bo] WHE(Croydon Tramlink®] 749 24% v, Sheffield Supertram

g, o] HaAE QuE o SRANAAY)E HI=Ae M FHH Ex

A EACNA s g F3 de FEAR A, At M
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o Hlgo] &5 7A3%E 7] (standardization)e] -7
AgeoF stal, X2 =4 A4S s FEEH
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I ARARES] B U1 52 AXHA A AE HFo] d AHEE s A
F=3de] nFH Y3 (House of Commons Transport Committee)ol| A 7 5ol whe} Y
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I8y 2 & ede] A 2011de @uE 93] wFAH(Parliamentary

Under-Secretary of State for Transport) Norman Baker®] E.314 ‘Green light for light
rail’-& 20109t ol F=oll A =AHXKAE A ) g B4 2| o] AAs] 27
Hil des BoEth AAIE 22 Al7]9] Network Railolghs ¥=9] thEZl &
E3AE 41719 Tram-Train(=H A x}e} 7]13ke] stojHe &) A A AFYS &
¥, 220N E Tram-Train®l] B2 FAHAL HPow A A2 W3 &
57 Hcoalition government)= Tyne & Wear Metro®] YI1#©|=, Manchester
Metrolink®] 27 A7%AFY, Midland Metro, Nottingham Express Transit Phase 2
(£371,000,000)° He A= F2817] AR ok =RAARHEAD)N Hsf
Ae AARY] theAT vlES o 4 879d AL o8 ussdd 2
TOo 8 A on, wEF AFY H7F Al BlE&-H o] EAolA daETt o & g
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o A% &Y Ao=E Holuy, =HAX(AAE)7F FoollA ALY AFP L
2 Azl 8t siAeE FAFS o= WA|E o WEFEF 3ol T
7} ER1Eoof St FHE e AR Ferhal & ATk FARe VA&
ol Qlo] HI-g E=JE FAlol aefr} Hojof star T1¥ oA HEFTke djlo®
GA 22 depd 552 5 e A7 AR R olgt &
At WA =AHAAHAEA )7 aFER @3slo] Zdsh] fEiAe B ol&E
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79 F3) S(passenger journeys)E 7|TOE o]8ES AMEW, WA|EQ
Metrolink®} Z20]E9] Tramlinke 493] 4324 <|th. Metrolink Phasel 7%t
A 2 wholl A7 1,200%F F3oll =23ar, 29 A JiE 11dRkR] 200130l Metrolink
A9} 25bA] F3ke] B3 34k 2001/2'd Metrolink 34F B3 HRE o]



FEX]] 2,5005F B3-S SIS A3
EHAANAAE) T M o] 8Eo] =

g, ]:Hl:gﬁtl'] jr,]. an FES AZst= FH2| Midland Metrost M =2] Supertram
2 99 o} xHoR AZI FIPES Holal At} Supertram 1994/5'3 7T
o]% 2010/11'dell AZF 1,500%F 53 5 715 & vt 71E Bk, 201 o)/do] A
W 2015/63 @A) AzF T ) lEA1<1 2,200%F B HRbe 25 @ 1,160%
Falo| I3 ot H%“ g o] Midland Metro= 53221 80017+ S-aol H|3] 40% H-
1-2001'd Afolo] 7HEH ¥

e =9 =HAANARE) "AY FEE

<H [1-19> 5 HMAHETE) S#2H19913~-2001H 71 5)

/e 1993/ | 1994/ | 1998/ | 1999/ | 2000/ | 2006/ | 2007/ | 2008/ | 2010/ | 2015/
B 4 5 9 2000 1 7 8 9 11 16
OHA AE
. 11.3 12.3 13.2 14.2 17.2 19.8 20.0 21.1 19.2 34.3
Metrolink
MNEE
na 22 104 10.9 111 14.0 14.8 15.0 15 11.6
Supertram
Midand | na na | 48 | 54 | 49 | 48 | 47 | 48 | 48
Metro
ELEO_| = na na na na 15.0 24.6 27.2 27.2 27.9 27
Tramlink

XtE: = Department for Transport 2005, 2007, 2008, 2009, 2011, 2016



[28 11-13] = LHIAHETE) B AILHEE A2t S ==2HE

Total passenger journeys (millions)

200 -
B Nottingham
1 ] Express Transit
m Croydon
L Tramlink
1Mo Lo m Midland Metro
120 f---mmmmmmm oo oo e B Sheffield
Supertram
B
O Manchester
BO A - mmm e e Metrolink
m Docklands Light
60 o7 N--= : Railway
40 - O Tyne and Wear
Metro
20 - & Blackpool
Tramway

G -. . - el o s = i s S e ol S I T e ~
1983/84 1988/89 1993/94 1998/99 2003/04 2008/09
XtZ: G= Department for Transport, 2011
2= A stHRo| ®I|E Blackpool Tramway, Tyne & Wear Metro, Docklnads Light Railway2| 374 Al
A2 1990 O|FO| =E MM tHMIHATE)Z M2Mof =HAEXEC SFo|H, ™ 770 =
Z0|M M3 Z2lE EUESE AEEL

4

4) P2 0 EA| CHMR(EFE) Q| Sujof Cist ARIEA]

QA 02 YT EAHAS) e FAE F b BRE AT ek 1
Z St OFEE ol8E T1E B9 24 ATAT W) LEEE 9sioln, ge

e Anm, £xe] Y@ ol f24 o] F 3
w25lo] gtk F WA ANLEIE BN dof NAT A
AARR) ABH Fe HgAAS =30 Qo] WY ofoldle] . welHE

Pdg Wk

9) Walmsley, D and Perrett, K, 1992. The effects of rapid transit on public transport and urban development,

The Stationery Office, London.
10) Department for Transport 2011; Knowles 2007; House of Commons 2005; National Audit Office 2004
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<H [1-20> HH AE Metrolink Phasel 715 & &

rH

ALL DESTINATIONS

MANCHESTER CITY CENTRE
DESTINATIONS

Metrolink Phase 1

H| Y AP

Metrolink Phase 1

Al PN

corridors Control areas corridors Control areas
1991 2001 1991 2001 1991 2001 1991 2001

SHEEHE

CHENREE) na 5.61 na 0.22 na 28.92 na 0.72

FSE=! 414 0.71 3.46 3.01 20.37 1.35 23.33 21.46

HA 12.08 7.82 12.43 10.29 23.69 16.61 23.40 28.29

ASRE2E A 56.97 58.92 56.82 58.89 45.04 42.85 43.74 40.73

INECPSEEEL 7.06 6.13 7.51 6.70 7.64 6.10 5.33 5.28

e 10.16 8.52 10.76 9.05 0.78 1.46 1.05 1.35

KA 2.35 210 1.95 1.86 0.98 117 1.50 1.04

2EJAIOIZ 0.76 0.73 1.05 0.83 0.59 0.70 1.05 0.74

e 22 4.07 8.29 3.88 8.14 na na na na

7IEL 241 117 214 1.01 0.91 0.84 0.60 0.39
ASAeR7E

o=2s 17.23 13.48 17.08 14.45

1CH 48.45 46.10 48.56 46.58

2ty ol&t 34.32 40.42 34.35 38.97

Xt=: 1991 Census: Small Area Statistics (England & Wales) and Special Workplace Statistics (Great Britain)
2001 Census: Standard Area Statistics (England & Wales) and Special Workplace Statistics (England,
Wales & Northern Ireland)

Lee and Senior(2013)011A ol &



48 MNUSFEH-HEA}) EEHY Hot
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<H [1-21> A AE| Metrolink Phase2 /& &

ALL DESTINATIONS MANCH EES)-I[EE?l Ng'll'gN S CELES
DEACE Metrolink Phase 2 H| W CH-&X| S Metrolink Phase 2 H| ul o &K
corridors Control areas corridors Control areas
1991 2001 1991 2001 1991 2001 1991 2001
SHEEHE
CHENREE) na 3.37 na 0.84 na 13.89 na 2.36
oA 0.90 0.89 0.96 1.06 3.69 2.33 2.94 3.30
HA 19.06 1213 21.37 15.65 41.94 32.91 50.00 4541
ASRE2E A 45.33 48.71 44.46 48.89 36.40 32.91 31.99 31.76
INECPSEEEL 8.50 7.43 9.75 916 | 10.14 6.85 7.72 8.47
e 15.93 14.01 13.80 12.10 3.23 6.49 1.47 491
XA 2.96 3.22 237 244 1.84 2.08 3.31 1.20
2EJAIOIZ 0.95 0.86 1.14 0.83 0.00 0.71 1.47 0.89
THE4 22 3.35 7.05 3.37 6.69 na na na na
7IEL 3.02 2.33 2.78 2.34 2.76 1.83 1.10 1.70
ASAeR7E
OlZE& 29.35 26.30 29.40 24.76
1CH 51.27 50.34 50.62 51.64
2ty ol&t 19.38 23.36 19.98 23.60

Xt=: 1991 Census: Small Area Statistics (England & Wales) and Special Workplace Statistics (Great Britain)
2001 Census: Standard Area Statistics (England & Wales) and Special Workplace Statistics (England,
Wales & Northern Ireland)

Lee and Senior(2013)011A x{olE



<®H |I-22> MEE Supertram 1S

(€2l %)

ALL DESTINATIONS SHEF';E;% SETYIOS 5 NTRE
DMEACH Supertram H| W CH A K| Supertram H| wCh &X| S
corridors Control areas corridors Control areas
1991 2001 1991 2001 1991 2001 1991 2001
SHEEHE
THERERE) na 5.53 na 0.86 na 17.03 na 2.02
oA 0.39 0.61 0.88 0.84 0.0 0.03 0.21 0.27
S 28.21 17.60 26.16 19.63 48.16 31.00 45.29 40.27
ASRE2E A 46.82 50.26 46.98 50.92 35.56 32.34 36.58 38.68
ASAtsd 7.93 6.79 7.04 6.81 8.43 5.75 6.86 6.01
e 10.23 10.56 12.31 11.48 543 11.32 8.50 9.68
XA 0.89 0.93 0.72 1.23 0.83 1.32 0.92 1.99
2EJAIOIZ 0.79 0.70 0.81 0.79 0.67 0.51 0.82 0.57
e 22 263 6.29 3.15 6.67 na na na na
7IEL 211 0.73 1.95 0.77 0.92 0.70 0.82 0.51
ASAeR7E
OlEs 24.28 20.35 2457 20.04
1CH 53.84 51.29 52.82 49.97
2ty ol&t 21.88 28.36 22.61 29.99

Xt=: 1991 Census: Small Area Statistics (England & Wales) and Special Workplace Statistics (Great Britain)
2001 Census: Standard Area Statistics (England & Wales) and Special Workplace Statistics (England,

Wales & Northern Ireland)
Lee and Senior(2013)011A x{olE
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<H [1-23> Midand Metro I& & &2 & ==2E&Z AsA 472 #H3l
(21 %)

BIRMINGHAM CITY WOLVERHAMPTON CITY
CENTRE DESTINATIONS | CENTRE DESTINATIONS

ALL DESTINATIONS

soojaxe | MO0y popaxer | MOy e
corridor corridor

NELCT Metro
corridor

1991 | 2001 | 1991 | 2001 | 1991 | 2001 | 1991 | 2001 | 1991 | 2001 | 1991 | 2001

YRS na| 232 na| 0.38 na| 14.91 na| 1.40 na| 827 na| 0.21

oE 096| 1.03| 241| 218|11.24| 6.74|1054|10.06| 0.37| 0.89| 128 1.27

A 18.49| 1543 | 22.93 | 19.27 | 43.03 | 32.46 | 47.07 | 44.61 | 33.94 | 28.15| 31.51 | 29.62

KSAHZEKH 44.66 | 48.97 | 42.31 | 48.74 | 28.68 | 33.58 | 29.28 | 32.73 | 36.13 | 41.66 | 37.30 | 41.47

XSRS 832| 815| 792| 724 271| 568| 515| 541 | 9.12| 849|1286| 8.41

L) 18.29 | 13.07 | 15.02|11.34| 10.85| 4.31| 4.33| 3.35|14.60| 8.00| 13.83| 14.01

RREA 244| 265| 1.82| 1.73| 0.00| 0.92| 152| 0.71| 255| 276| 1.29| 254

RE{ALO[Z 1.14| 069| 0.82| 0.76| 0.78| 0.41| 047| 0.74| 037| 0.71| 0.64| 0.75

THE4 25 240| 6.81| 294| 7.34| na| na| na| na| na| nal na| na
J|E} 330| 088| 3.82| 1.02| 271| 099 164| 099| 292| 1.06| 1.29| 1.72
SR E

o=2s 29.12| 23.21 | 28.81 | 23.45

1CH 53.49 | 52.06 | 53.09 | 52.33

2 ol 17.39| 24.73 | 18.10 | 24.22

Xt=: 1991 Census: Small Area Statistics (England & Wales) and Special Workplace Statistics (Great Britain)
2001 Census: Standard Area Statistics (England & Wales) and Special Workplace Statistics (England,
Wales & Northern Ireland)

Lee and Senior(2013)011A ol &



<H [I-24> IZ0|Z Tramlink 71 * 52 ¢35 ==HELY NSA 27E Het

(1 %)

CROYDON TOWN CENTRE DESTINATIONS

wseH Tramlink corridors H| m Oy ALK|SH
1991 2001 1991 2001

SEEEE

TR (ETE) na 23.48 na 345

k| 3.02 4.26 3.75 6.42

HHA 39.73 21.53 36.21 38.94

S22 Xt 30.43 27.10 30.77 26.46

INECPSEEEL 7.01 4.44 6.38 376

) 17.03 15.70 16.89 17.92

KA 1.33 1.33 1.50 1.40

ZEAO|Z 0.60 0.69 0.75 1.15

7|t 0.85 1.47 3.75 0.50
ASAeR7E

o=2s 29.12 23.21 28.81 23.45

1CH 53.49 52.06 53.09 52.33

2o ol 17.39 24.73 18.10 24.22

AFE: 1991 Census: Small Area Statistics (England & Wales) and Special Workplace Statistics (Great Britain)
2001 Census: Standard Area Statistics (England & Wales) and Special Workplace Statistics (England,
Wales & Northern Ireland)

Lee and Senior(2013)0 A oIS
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<H 125> ¥ -HFEXHATE) AIME XH2H|[E(1999-2004) H|

CHEAEEE) | kM S 2ol A Z3ulE fﬁiﬁﬁf D%%EAE;;L%
N2BY(ER ) (arh (= (e8E) (e2i0l)
s
A1I%ﬁ92:/p5e)rtram 18.1 241 361 19.9
Midlznggé\;letro 13.1 145 191 14.6
ELEO|(2§OO'I(')r)amIink 175 200 260 149
B[
Trenst oy | ® 1e0 0 0

Xt2: F= Department for Transport 2011(National Audit Office 200401 A R QIE, 2010/11 7IH2 2 X F)
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F=ollAeE =i =
SAE o]%F 29 ‘{}9] U-¢d
Ad)7k 2010 A= AFste] oA AR s g Ao=
7 Norman Baker®] X314 “Green light for light rail”2 ©] + WA H3ko] =HA
AH7AHA)el G T Aol el 53] TAHALS IJATIEA HE ZA 9
=5 9ol 2@ IR E AN 298 U2 ZTHDepartment for Transport
2011).
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£3 l = BRTO L FiL 842 =
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22 =29 Bt THE dE

AT F8 F7HES EA U515 (mass transit or urban transit) T =, A
2, A4 Soll dal BE YT ALY AFARE AFA = Gt =AEE
AH] T AT RS TR XAl wet =0l NE AFGEH Y ARl
BEAE AA A BAS AR AEsHE peluvete] BrAAIeE g, o]
E A E dsus 79 =49 Aol AxRA A B4E AlEe THsta,
ol& 913 AdxE Ags vidste AAVE BstE o] Q7] wfZo|th

vz A = AR7F &7 1S AF(LRTP: Long-Range Transportation Plans)<
TRsH, 718 F9A 8 7] (Metropolitan Planning Organization)S-2 ©]& HIEOZ
TIP(Transportation Improvement Program)E $R3}1, = AH= O ol HEs)
o] STIP(Statewide TIP)2h= APAGS Tyt AWAF= 49 F719 STIPS}
TIP, 204 F71¢] LRTPE B7}ste] Aihs A edsh= 4ot

FHY A T7PE, EARE ol AAE 2t o, EudllAE 93E =7t
o} AH] #3 = MEE 913 719U ERDF(European Regional Development
Fund)®} EU 3]¥=E59] A&H S %k 7159 Cohesion FundE 53l 3-8 A
A} EA9 wF ZRAE AU ATE F 1967 27 FYE o
1992 758 F= WA2HO =HUFUFTTHE] Menchester Metrolink= T 3
Z?l ERDF A9 Apgo|t}.17)

IFY Aee T4, M=de ta Adoldtth AT Akt wE 9 Qlze} 9
Y 3](Transport and Infrastructure Council)ol| A= =7}e] wFAAAS} Qlxze) A Fo
ik Fa3 AEA S s, o] Hd3|dA = wEAEe] AgH Tl tigh
AT 2o AR S vhEst AF3tal vk 53] =A tiFalsrde] Bt A
e HES] o= AlFeta oH, oy w7} EFoE AR AUs e
WEFAYel gk BRI o2 E8EHa QU

2 AoA= ol9} 2 Z=o BAEIL AA B HE 5 BA dFuETd,
53] AuFrdd 23S Fi ARz ok

17) 2k 15009+ =71 ERDFOl| 23l A= om, 55005 F2E SR Aoz YA 90003
2= Ao Ao o]FoiF
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1) Guide to Cost-benefit Analysis of Investment Projects(EU)18)

EUt EAMuE ZRAES 93 o8 /rless &9staL o, 71s9] A<
el YREEAR] TtolEgRle MERE Ztu gtk 53] ZH<E7]F(cohesion fund)
EU 287 3l9e= ko] ZAAA, A Bd48<S =07l 93l 1919 GNI(Gross
National Income)”} EU B+ thH] 90%0°]3l<] 3ol ARt X Q== 75oE, F=
A, B4, 1z 75 To FYdrh o3 AE5A A Jdo R FREHE
T8 AAELS HAA H7Keconomic appraisal) & THES kil o, o] Tk
Aol AFHIL A= Aotk

T8 = disiAe FAHJ] PHEES AAHSL A= o), AT WSt
(demographic changes), AF3]- 7444 W 3Ksocio-economic changes), AFY % /7=
2} 7)#H(industrial and logistics structure and developments), &2 - A|ZF 5ol et &
2 A (elasticity with respect to quality, time, and price), &% A|2K(capacity constraint),
Xt WH3Kspatial changes), T2l A2 WSKchange of traffic management
policies), 71%<2] ZE(technological changes) 5= A% A &sloF sitka HASH
I Tt et 2 ARFES 2T B3 A(uncertainty) Y BEE Wy & 4 dok

A FAA BRI e WY FEE ofefjet AT o] F4AQ wFAIYE Y

Aoz s AFEE o A= HeFESolth

18) EU, Guide to Cost-Benefit Analysis of Investment Projects, 2014. 12
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<H III-8> EU X|&lQ nESHE Hl&=(Typical economic Benefit(Costs) of transport project)

oot
T

iy

- Stated preferences
Travel time savings - Revealed preferences(multi-purpose household/business surveys)
- Cost savings approach

Vehicle Operating Costs savings |- Market value

Operating costs of carriers - Market value

- Stated preferences
Accidents savings - Revealed preferences(hedonic wage method)
- Human capital approach

- WTP/WTA compensation

Variation in noise emissions . .
- Hedonic price method

Variation in air pollution - Shadow price of air pollutants

Variation in GHG emissions |- Shadow price of GHC emmissions

FTHART A7l AR SR U o] A E e, FEE HE e A5
= AR E3Feta Qe Ak AR Tl 9o skE &FAITRe] AAA
(A8 A, reliability for timely delivery of transported goods)< &gttt Helt) 1
vholl A5 704 TS &5 (Stated Preference) AN 3= 7HA R0 2]s
=3tAY, ti718d 3 24712 wiE A Bl AA7F (shadow price)ol] o) @]
=

!
E23hs Zlo] ol @ wHe Aol

O

| AFAE o] WA 2008)° AFH A2 ESTHurban transport) ZZA E
F BN A S AASAL Tk

off

o

-
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[3E 1] EU X[&EQ| A HEsnssH Z2HE 24 ofA|
Costs (-) Benefits (+)
Investment costs Consumer surplus;
Replacements (paid by the City) - Travel lime savings
Producer surplus (-): - Vehicle operating costs savings (road users)
O&M (paid by the Transport Operator) - Fares
- Fares Externalities
= Operating costs (tram) Accidents savings
Air pollution reduction

Reduction of impact on climate change
Noise impacts reduction

4 | 5 | 10 | 15 | 20 | 35

&
] i )
&
=~ |~ |} i
&
&
.
&

b=t |

:
alello
B

£

135] 1 |
135 1 10 i 183] 463

B/C RATIO I ‘E

2) RAILPAG(Railway Project Appraisal Guidelines, EIB)19)

S EU A|Fe] 883 7a&8S BHo=E o, dukAl ATl ksl
HEEH= e A Fo] =H, 2 RAILPAG(Railway Project Appraisal Guidelines)
ojt}. o] A& EUWAIAN 25714 AdxDo] 875+ Fx ZEAHEQ A3 A|
A, AFH B7HE FHCR sl 9lom, 53] RHITYSY(EB)SEHE Ao
Y= ARAY F= 28Hh

RAILPAGS AF9] 4143} H(screen process), H717]152] “dH(establishing the
appraisal context), L& TR |S(traffic forecasting), THFS] A S(definition of

alternatives), 7374, A%, A4 2 =mHo| 1 (environmental, social and cohesion

19) EIB, RAILPAG(Railway Project Appraisal Guidelines)
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aspects), A|A|Z #F(the systemic view)= AT ZZAHEQS] FQ o|mE =9|3ta Q)
th wE TS tefjis EEY Z|FEolv HES AAskL JA= o, 3
T =27F By AAATE 23 e VIEs AEstE Ex

Ste)= B T AFGY AR Qs fitE=

of Brhs He AzsT Yk o84 W] F EAANT Fav 4 YurEugo
2 AMES s gov], Anslgols 71EH 12 FASEA A 2E HEg

A QFHANZ, TYE AE, BU 5)7F 23, o] &xke] A EAH| LI &
E &g %H@}Hl%ﬂrﬂ Zpo)| & AR YR ZFEgT) o] Bl ok <
(Atanl g A7h, Ay A7 o714 A 5 JAESE st Aok

3) EIB dxld 7t AlRIE

FHTYSA(EIB)S o|Zxr|2E 30%10] ’ézﬂ Z2AE Jrt 49E T3 F2

AR AHE AA S BIAME, AFFEe A SHATIA, a5y 7HA], =
29| AFnlE, 5 ERCUIE Eﬁg, 75% %aﬂ i 3ol gk 7124
< Aot ok B4 A ReAE = Z 2L %(urban public transport) AF 2]

A W2 ARl A ZEE T zsnwu E/\Pﬂ B9 DAk ZRAEY o
& ANGT Utk WolRFoRE FAAT Azh AFLAuE A7, E2oHo)
(REART 23, 7TelEl7] B Welo] neHH, ol T A3 kA AHE
EUS] A3 8 RAILPAGOIA] T #ole] WF8 HollA eherh o o A2
oA F5T ek Ho| =dl, HlE MY H] A7 bus savings)o|th HSas T
do 2 Hant AFEHY EA Eflo] A=W, IRkE vlgie] M2Tgulrt Azt
Hoh= o2 s
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[L1E 11-2] EIBSl EY 714 Z2HME Al =4 oA

NPV 2010 2011 2042 2013 2014 2015 2043
_______________________ OO o A
{1} Total traffic (m journeys/year) 0.0 0.0 00 00 208 23 30.7
_______________________ Edstingusers | _ __ e e ccmc—ccc e
{2)=%(1) Tramway 00 00 00 00 0.0 0.0 00
(3)={2)"Time_Saving"VoT Time savings compared fo tramway MEUR 0.0 00 00 00 00 00 0.0 0.0
....................... DIVEHed MR0R v ot s s o e e e R SR S A S e
4)="%{1) Bus 0.0 0.0 0o o0 1486 148 215
(5)=%(1) Car 00 00 0o 00 10 1.1 15
(B1=%{1) Heavy car 00 00 00 00 10 11 15
(Th=(4)+{3)+{8) Total diverted users 00 00 00 00 167 17.0 456
(8)=(5)/Car_load_factor'Car_VOC Car savings MEUR 31.8 00 00 0 00 21 22 30
(8)=(5)/Car_load_factor/Heavy_Car_VOC  Heavy car savings MEUR &5 0.0 0.0 00 00 07 0.7 09
(10}=({5)+(8))"Time_Saving™VeT Time savings compared to car MEUR 38.0 00 00 00 00 20 21 52
{11)=(&)"Time_Saving"Vot Time savings compared to bus MEUR 2618 00 00 00 00 134 140 351
....................... OMOROIMEHIS ... s o i
(12)=%{1) Generated traffic 00 00 0o 00 42 43 6.2
{13)=(12)"Time_Saving"VoT/2 Benefits MEUR 364 00 00 0o 00 18 19 48
_______________________ Environmentalbonsfits, | ___ @ o ceceed e e mm e ——————
(14) Noix MEUR 0.2 0 0 (1] 0 1817 19473 13478
(15) PM MEUR 27 0 i ] 0 582242 605817 69220
(16) Voc MEUR 0.0 0 0 0 0 2316 2410 6057
(17) s02 MEUR 0.1 0 0 ] 0 5633 5881 14783
(18) co2 MEUR 1.8 000 000 000 000 0.13 0.13 0.13
(18) Noisa MEUR 0.0 000 000 000 000 0.00 0.00 0.00
_______________________ s o s i P S P S S SRR
(20) Reduction in fatalties MEUR 3.5 000 000 000 000 0.18 0.19 0.47
(21) Bus Savings MEUR 1076 | 000 000 000 000 8.53 853 849
(22) Time savings for users remaining on roads  MEUR 1018 | 000 000 000 000 5.99 614 1232
_______________________ LOSIS o e s e s i s s e o e
(23) Investment cost MEUR 320.9 | 87.50 137.39 12001 64.03 0.00 0.00 -180.75
(24) Electricity generation social cost MEUR 2.0 000 000 000 000 012 013 0.22
(25) Additional operating cost MEUR 1951 | 000 000 000 000 1542 1542 1542
(26) Upgrades MEURG44 | 000 000 000 000 0.00 0.00 0.00
(2T (8 (G 10+ 1) (13)2(14)#(15)#(
(BT B 19)4{201+(211+(22) Bensfits MEUR 506.0 | 000 000 000 000 3553 3645 7060
(28)=(23)+(24)+(25)+25) Costs MEUR 591.4 | 87.50 137.39 12001 64.03 1555 1555 -165.10
(28) EIRR 5.1%
(30)=(27)-(28) NPV MEUR 47
(31)=(27)(28) BIC 10

AtZ: EIB
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4) J=o| HIA L X|E(TAG)

Transport Analysis Guidance(TAG)T ¥ =2] Department for Transportl| Al A=
WEFR BAS 9T rtolEERlo R, AREARY 7E Bl 4 W&ol wet AliEslky
o] AlTHH. TAGOIAM wFFe 43 #dd 22 TAG UNIT2 M2 Variable
Demand Modelling® 1 F5T8EF 415H= A A Modelling Practitioner) S 13l A&
Hot TAGoA e TR EH L ot TFollA s8xket M dsusste] A9
o] wZ IIA(Independence of Irrelative Alternatives) A%l "red bus vs blue bus
problem"-S 3[243}7] 13l Nesting ¥ sub-levelsS 28 A& At Uk AlF-
o7 Aurm FudY 2gS FE3o) 9lo] A9 F(higher level)oll A $&3}
(private)®} ™F 1l F(public)Xt T o] 3= ojok Sl (transport modal split), Ak
|7Fsd teus Tt Ads HEe] ske g FFOEA AASH
(hierarchy) TZ2 FHAHE =2 A AISFL ot

TR 9] Al (lambda)= 3H9] oA gho] ] ol FrETh vt
A Aok, FduA Ao tHeusS BEE TEst TGS A
shal Utk 3 T By 75l ol o] 8 s Y ST
52 Z]'iﬂ-q] EAo oeiTt AAHEE Ao ofe} o] 87} 7]Ee w3t

gsta Aol weh Pejwisyt G BE o]of gk aEE Fesital A
6]-3 At} Al (hierarchy)ll 2]§+ Sub-mode Choice= W, AHE, $d 5 s
wE WollA Bkt gl 7hed o, tiFusS A% HIrdo] tud o
dE 9 =X, AHA, HA| park and ride §) Z 8310kl AASEL )

H WFEFRE 5Tl Ao FE FAFY M-S A AARE A o]

|

=3
SeriE BACA ST FE Qor, FHuE BAdN £9T 55 YA S
Sl Thik 23] Y 712 sk i Y BYe B9 Fuz 1| 59
WY SACIA W R B obgEoln B4 wge] Bsin, 4%d AR 4

NoEE WJEH Azﬂﬂl oA o HEo] Fo|= Bl AE(Modal Shift Significance

Tesy® Fol 444 AFAES 543 920
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TAG7H SRAE R go] Qlof Seluierel ey 2 2413 7 A o
= A LE5O) A HE S seeHE S RA 0 HYX
o) ARE AGSIES AASL Yrke Aotk PG Az

A5 2 857] 9% 7N Rail Model®] Sterleigbe A gsha glom, ol 4
g 3%
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Ll 78 Te=2| E(:=HXA)o| et FAt &g Hln

=

EU2] A E7/)¢7]15<%] ERDF(European Regional Development Fund)= 3|¢=% %t
o] Z=7124 ¥ (transnational cooperation)= ¢t 2| IO 2 AMERH 5
M=r(F=, T2, 5, dgds, dr]o)he] 77] A 9S Tram-Train®l A|=Elo 2
d2ste] fH Age] WZMER st SRS 2L, s 3edT Z2A
EQl SINTROPHER(Sustainable Integrated Transport Options for Peripheral European
Regions)& A ¥atqith o] ZEZAE= EUS| Fa=5¢ I, 272~ 5Y 5 35
o] Ef #d BAAAE vlwsied F8 4= vt 2ok

Il B AR B0l 7N FAEIE AAE 2t 9o, FAAE dEdE

% 2
A, FHe FABY. ED AGS FAT A9, 79 22 Ao 74T

=
g
u)
i)
rO
rO
o=

Taje, AnH olgThee AR 5 EARB 23290} 5

=
& ol & glojof s Zlo] EQH o],

_

20) & S¥ s8Ake] BEEC] 75% oldola b Rt FHARY WMEt 17 o3¢l & #HO/D Pain),
82k REC] 75~85% ©]aL Z} TRt FHARE §sr} 2& o3l & ol tisiA AwE devt
UHAL A SR ATk



<# 19> E=, 5Y, ZFA9 E(LHHA}) FA YeF HW
. z2 £35ts
= 2y pEof shat X i = al yjet
T EZ usd =g o AR “AEfQI E3 Jjeol |
Ea LMES 2 —:\Fgl’lé%l:i /:._|7H%*I|$01I 7log
MER = OO0 &
HMAZO| D o HAE AX AR A I oo
gm | QUL NGRS T | aoy | edE Ael MM BEao
=_"= L o= MBIA|Z A Ol SEAAA
ANACME HDA M2 °F ._:>9-._|'/\|%;-r U= eSsAd
(P&R)= 7H&h
2efE Mg BESHA SREHAM J|1E nSHA U
= Sl > x| /\7(.| =18 SO LH A
=of Lt ethatsk=s Aol & S Mejae SAZIZHE D AR IS W
EotH, MMz el 2l0{0F &
uy A5 B2 ARYe 44
. o . NS E PHE | J|oig
2XIM AN o|F A [ = . oraror =ind =R o
Moz A= SHA O[RIX| =utet) = U0{0F 5HH, °._4':H—|°._| olds
I2tA = =71= = x| A =2rie Hdsk A O
T2 | gz me aneao | GF) | OISR TOIE 1 Holor = _
gl CIxtel B3 FM U zA o ED Z3t

s = ;
£ O|R0{0F &t

XtZ: Cyprien Richer. Appraising territorial effects of tram- based systems: 1 st PHASE - State of the art.
[Research Report] CEREMA, Cité des Mobilités, 25 avenue Francois Mitterrand, CS 92 803, 69674
Bron Cedex. 2012.

oEF FHA BAe EY Ul 14A S4 PA F/EE OUR JuE
Hol: AE v, G SQL Aol Ao LA spgkor), mas
o AT B AT el Y AT . 2ol GNAY AAE YA
#}) gl gell Fela glom, EAATe] AFA B4S e EAFOA Edo]
SAAY B BARAR folnd A0S AR, E olHF Aot AFA 0
2 s A @ 5 9ok

o1 SIS AE 42 Y Al ZIRA

nRe 7} 5 ARl Absh A7, B 87 HMPO) Fol TEAYL 42 5
sha, ZRAES FRsHs Pxoth N ZRAEE 0 SAZ TR A
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ZIHkste] FRE, 1] AvbAH(Federal Highway Administration, Federal Transit
Administration) = U] 4dvic} 7+ EE 9 AHH ZE WFAYY AAAY o
gt S wEAY FHY AR e BAAGT T F AR 49 @ 73" Sl
S/WAAAIB(TIP, STIP) 201 &9 AlZ < A7 SAS(LRTP)O ALdxLol &
ArgE MEs] & o5t glon, ol AWAHRIL Wrkske 2T
I3 o] F(State) A, FIAEI|F, HFuE 97 F(Transit Agencies)>

°l

O

B WA, A7AS, aENAAAE S FHE, olF Brke] A% 71xAEE
-2 FAAY Tl FEEE ARE L83, e R¥H ARE B 4F
ALE Fshs Zlo] dutdont

[TF 11-3] ni=e 23 7|7 A2 48 ofF

Plan Use by Organizatiort

Vision Long-Range Project

Organization Planning Plans Planning

State DOTs V V V V

MPOs v v v
Transit Agencies V V V V
City/Local Trans. Dept. V V

*Plan development is the collective responsibility of the MPO, transit operator and State DOT.
Project planning may be done by these and other organizations.

£3] 20121 7€ UA<FE MAP-21(Moving Ahead for Progress in the 21st Century)
< Fevete] wEAAE SEEAe} 22 AHQ A F—E"ﬂﬂ"ﬁol‘jﬁ o] Heko|
T8t FTAZE s)lshs s w9 AYFA A2 ‘New Starts’, ‘Small
Starts’, ‘Core Capacity Improvements’Z T-H2E T} ‘New Starts’= FAFGHI7} $250M
ojFolA AEAAFo] $75M ©]dl it AYES X3, ‘Small Starts’'=
TAFAHIZE $250M mIFRol AL, AHFAAFo] $75M HIRQl AR AMYS B
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‘Core Capacity Improvements’= 71&9| IAHAE A28 &35 FHAIZ|= A
50| &3k

7zt ZRZAES] wETRY A5 Y
A 71 Ee FTAVF Agshe 153
-Project Software)E &-8&& < Uth <
Hr}

N

19o) Be] mAe AL, HAH &
STOPS(Simplified Trips-on
o) 57k 7120 93} B}

(i
4
o
o
gl
e

i\
(i,
4
ko
rr
v
o

D #8015 PPES]
@ @A 184 wlolEle] &34

@ F80% PHE] WA 0|84 £F BAS: AE

@ olZo) B4R AT, Aulx W 5 9Y AR G2
® Ak meAEe] tE A=He Fely

|
o,

)

AZ5H oo 7R TRAES FAZA HFrh= peluvetel fHolA de] AR
H|- 839 B F= tha Aoldt 7Es Zheth W7k A e7HA1Y A&
Z2AE E}FA H7Hproject justification) 2} 37FA] X2 FA4H A WA)
714 =(local financial commitment) 7}ol we} o] Fo Xt} o]F4 74 (mobility
improvement), 27 3 ¢](environmental benefits), =%} 74 (congestion relief), H|-&&
I} (cost-effectiveness), 7d A7) (economic development), EX]0]E(land use) 5=
TARAEE ZEAE B A B7he] ARke AA|shH, 72 Brte sl 7heAe
BF stk AAA ®rPE e AR Vs Bk A9 AR
(current condition), 7152 7] E(commitment for funds), AF|AdFH FIH
(reliability and capacity) 5 3702 MELAE FAEM, Z+7te] 7iSA= £AUR
25%, 25%, 50%= T/3E Tk

L
=
9\}]\ Z

b

fd, e
[l

al
74
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[2Z 11-4] MAP-21 ZE2MEC| Bl HA & 7%

New and Small Starts Project Evaluation and Rating under MAP-21

Individual
Criteria Summary Overall
Ratings Ratings Rating

Mobility Improvements
(16.66%)

Envi ronmenta[ Benefits
{16.6

| Project Justification'
(50% of Overall Rating)

*Must be at least “Medium”
Econcm!c PF‘fSlement for project to get “Medium”
(16.66%) or better Overall Rating

Overall Project Rating

Current Condition
(7] Local Financial
Commitment of Funds i Commitment’
250
e, (50% of Overall Rating)
Reliability/ Capacity Must be at least “Medium”
(50%) for project to get “Medium”
or better Overall Rating

Ll FTAS| tHEnE H|[SH2! 24M J10|=(TCRP Report 78)21)

FTAE 394 9 A9 digus +37179 54 37 571 fs) A&
= #13 B4 FE(TCRP Report)] A3 A|E3kal Stk o] BaAox= tiga
T e =Y 9IS IA B3 EItravel impacts)2} 27'<]-7ﬁ, & ¥Ksecondary
impacts) = T-E8tal Itk T3 G Sl ol 8A% 7E =2 (584, sEAh
o] &2k, K}t gl AA o] AR FHESl AHES St 9}334, HFus o
2 B SPARKEIHD, 7], S5, AR, &, Akl B #E HE
< ZF) 7€ B8 o84 B G TR A & 9 A/HE, AL
T 9 HH A 0ES X3t B 9 A o]gAte] taiAE tiea 7H

wet BHAH o7 Frtshke BaH A A SHHES 1SS kol ok of
He F= FTA X9 T3 894& dAEE gkt Zlo|th

21) TRB, Estimating the Benefits and Cost of Public Transit Project: A guidebook for Practicioners, 2002
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AFS(Summary of user cost analysis)

Data Assembly Steps

Parameters to Measure

Step 1: Determine time values - Value of walk, wait, in-vehicle and transfer time
Step 2: Determine units of travel measurement | - Corridor vs. link Pass.-mile vs. veh.-mile
Step 3: Measure transit user costs before and ' Trayel time .
. - Accident costs(if changed from status quo)
after the improvement
- Fares and other out-of-pocket costs
- Travel time
Step 4: Measure auto/truck user costs, before ' ACCI.d ent OOStS(If. changed from status quo)
. - Vehicle ownership costs
and after the improvement . .
- Vehicle ownership costs
- Vehicle operating costs and tolls
Step 5: Measure bicycle and walk user costs, - Travel time

before and after the improvement

- Vehicle ownership costs
- Vehicle operating costs

Source : Econorthwest

221 3= EuEe] 7HeA AAS ou]sk= A El7EX|(option value of transit),
74, &u, 72 VI 5 44 A EH, e 235 ondt Ad9riA = o
TUEE 79 o] &3HA &= ol &ANAE 71detE, w8k 1, U 55
wGH S7h AFTA TE e A o] a3k A tiFus AHlz=Y EA A
AZF welo] A & Uvh= A& Yn|gitt. AH7Ex = a3 2ol 4Pg3it

C= SN(d,)— Xe” ""N(d,)
g = In(S/X)+(r+0°/2)T
1 o/ T
dl—aﬁ
oq7]A, C = sl AHl2=9 A 713
S = 5&x TH| 7]t(expected) HI-&
o =89 EFAA}
X = dTus P F IAHE
T = tFus ARty tta Al (HFas TH7139 o)
r = 938 5 E(risk-free return)
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TABLE 4-1 Transit option value, by exercise price, time, and volatility (per

option)
Marginal Full Cost of Transit Trip (X}
$ 500 $ 550 $ 600 $ 650 $ 700 $ 750 3§ 800
a Time = 0.1
$ 025(% 017 $ 003 $ O00OC $ 000 $ QOO & D00 % 000
$ 050(% 032 § 014 $ 006 $ 002 $ 001 $ 000 $ 00C
$ 075]% 048 $ 0286 % 017 $ €09 $ 005 § 003 & 001
$ 100|% 064 $ 045 $ 031 $ 021 $ 014 $ 009 $ 006
$ 1251% 079 $ 060 $ 046 $ 034 $ 026 $ 019 $ 0.14
$ 150]|% 095 $ 076 $ 061 $ 049 $ 038 $ 032 $§ 025
$ 175]1% 110 $ 092 $ 077 $ 064 $ 054 $ 045 $§ 0.38
$ 200|% 125 $ 107 $ 083 $ 080 $ 069 $ 060 $ 052
$ 225|% 140 $ 123 $ 108 $ 09 § 085 § 075 § 067
$ 250}% 154 $ 138 % 124 $ 111 $ 100 $ 091 § 082
Time =0.5

$ 025($ 040 $ 020 % 009 $ 004 $ 002 $ 001 $ 000
$ 050|% 075 % 055 $ 040 $ 029 $ 021 $ 015 & 011
$ 075]% 109 $ 090 % 075 $ 062 § 052 $ 043 § 036
$ 100]% 142 % 125 $ 110 $ 087 $ 086 $ 076 $ 068
$ 125]1% 174 $ 158 % 145 $ 132 $§ 121 § 112 $ 1.03
$ 150|% 205 $ 191 $ 178 $ 167 § 156 $§ 147 $ 138
$ 175|% 235 $ 222 % 210 $ 200 S 190 % 181 $ 173
$ 200{% 263 $ 251 % 241 $ 231 $§ 222 $ 214 $ 206
$ 225|% 289 $ 279 $ 269 $§ 261 § 253 § 245 § 238 o
$ 250({% 314 $ 304 $ 296 $ 288 $ 281 $ 274 § 268
Notes:

1. 8= $ 5.00

2. 1= 4%

XtZ : TRB, Estimating the Benefits and Cost of Public Transit Project: A guidebook for Practicioners, 2002

A A ETE U BRI E FastA aEsta e HEdE F
shtolth FTAZE thi71 2 714 &35 flal adstal e t7| a4 diks)
EFA(CO), 10T}o] 22 w]vke] ulAAX|(PM10), AA4H}E(NOx), 314 +
(VOCs), 2F(03), 34HelE(SOx) Solth. 5T He A8 FYYUCE AMSsh=

E 2

A aHiths Aol
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2 o|Fo|xm22), o] F Al thdt Brh= 3GAZ o] FoXIth A AjbE Z2
HE7} JAA Hx Fidsls AJAE desiH, o] & SMT(Strategic Merit Test)2h
gt} o] BAIE 5393 ZZAEE 70| H7KRapid Appraisal, e.g. rapid benefit-cost
analysis)& AA HFTHOZ= MEF H7KDetailed Appraisal)E 33}t Al F371=
TASE B/CEA, AF4 B7E 874, 18 5 7|t 397 55 E3h ARkE
Ql AL oo 1ol Yehd A 7

AAE EAolA et e g
o7 §4 wEFH ke BCEA | =
& ] stk s & ¢ e Bg
o] FEAS IHsES koL Ttk &
A EujA| Z1Th
=9 F5 AA BB Qe HlEH W s RS Qi) siE7EA|
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22) 1. E3& X (objective setting), 2. 33 AB(policy choice), 3. A|2~8] Al€(system planning), 4. TS| &
All(identification of initiatives), 5. *§7} = 48§ 7A|E(appraisal and business case), 6. 2|8} F ZZ I 7]
Wprioritisation and program development), 7. AF3AI 3 (delivery), 8. AR 7Kpost-completion evaluation)
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OBJECTIVES-LED STRATEGIC PLANNING
PHASE 1: OBJECTIVE SETTING

PHASE 2: POLICY CHOICES

PHASE 3: SYSTEM PLANNING

PHASE 4: IDENTIFICATION OF INITIATIVES

PHASE 5: APPRAISAL AND BUSINESS CASE

w1
v
=
-
=z
-
vl
=z
2
=
a
[=]

-
i

- —

-+

¢ ‘\
‘E .
MINISTER’S DECISION
Ay
ol
PHASE 6: PRIORITISATION AND PROGRAM DEVELOPMENT Qg
\

PHASE 7: DELIVERY

I
I
I
I
I
I
I
I
I
|
I
I
I
1
:
|
i
I
I

PHASE 8: POST-COMPLETION EVALUATION

L N

Note: dashed lines show
paths for initiatives that
fail the various steps of

the process
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Table 2.1: List of benefits and costs
MONETISED
Investment costs
Planning and design
Site surveying
Site preparation

Investigation, data
collection and analysis

Legal costs
Administrative costs
Land acquisition
Construction costs

Consequential works

Benefits and disbenefits®

savings in vehicle/train
operating costs

savings in time costs for
passengers and/or freight

Improvements in service
reliability

savings in crashfaccident costs

Reduced environmental
externalities (noise, pollution)

savings in infrastructure
operating costs including
maintenance and
administration

Benefits associated with
diverted and generated traffic

Scrap or residual values of
assets

* Some of these benefits could
have a negative sign because they
are dishenefits, e.g. increases in
environmental externalities.

NON-MONETISED**

Amenity value

Barrier effects on humans
and on biodiversity

Biodiversity and ecosystems
Heritage

Aesthetic value

Culture

Increased comfort,
cleanliness and security for
passengers

Reduced damage to freight
and reduced pilferage

** In most cases, the reason
these benefits and costs are
‘non-monetised’ is because it is
too expensive to undertake the
surveys necessary to produce
reasonable estimates of the
values people place on them.
See Volume 5, Section 2.9.2

for a brief discussion of the
techniques available for
estimating externality costs. For

damage and pilferage to freight,

consigners and transport
operators are often unwilling
to divulge the extent of the
problem.

SECONDARY IMPACTS

Employment (construction
and operation phases)

Tourism

Land values

Industry development
Community spirit/pride
Communication
Connectivity
Information sharing
Social cohesion
Increased incomes
Access to services
Production levels

Productivity for industries
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Table 1.6.1: User perceived cost unit values

ITEM

Access GT
Access time (T,)
*

Access weighting (W)

Expected wait GT
Expected wait time (T )
*
Wait weighting (W, )

Unexpected wait/journey GT
Unexpected wait/journey time (T,)
*
Unexpected Wait/Journey Weighting (W)

In-vehicle G
In-vehicle time (T
*
In-vehicle weighting (W)

Transfer GT
No of transfers (N,)
*
[[Transfer penalty (T )

+ [Transfer walk time (T, )
*
Transfer walk weighting (W, )]

+ [Transfer wait time (T,,)
*

Transfer wait weighting (W, )]]

DEFAULT VALUES
(GT MINUTES)

Actual access/egress time

1.4 (normal)

072*H"™

1.4 (normal)

Actual average lateness

3.0

T, = Actual IVT— MSC ™

W, = IVF @ * VLF

Actual number of transfers

5-10 GT mins

Actual walk time

20

(72

12

VARIATIONS, NOTES

1.2 for short walks (<5 mins).
1.8 for long walks (>20 mins).

H = average headway.

Up to 2.0 in highly congested conditions.

Could apply weighting 6.0 to unexpected
wait time at stop, 1.5 to unexpected in-
vehicle time.

MSC = 0 (on-street bus), 1.0 (on-street tram,
old urban rail), 2.0 (busway, refurbished
urban rail, LRT), 3.0 (new urban rail).

IVF = 1.0 (on-street bus), 0.90 (busway, on-
street tram, old urban rail), 0.85 (guided
busway, LRT), 0.80 (refurbished urban rail),
0.75 (new urban rail).

VLF (crowding factor): 1.0 (LF <70%); 1.1
seated, 1.4 standing (LF=100%); 1.3 seated,
2.0 standing (crush load).

within mode: 5 for same facility, 7 for
different facility. Between mode: 7 for same
facility, 10 for different facility.

Higher where gradients exist or congested
conditions.

H = average headway of second service.

Higher in congested conditions.

Notes: (1) GT = generalised time.

{2) MSC, IVF terms may be replaced by adjustments for specific vehicle or infrastructure features (see section 6.2.3)
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28) Steer davies gleave, New Generation Transport in Leeds - State Preference Study 2008
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o} AlEs FHo R QIAEY] wiFolth wetA AYAESAA YA EE&H|
22 Tt FFHe] FE2 EAY BAS Asehe 8-S & 5 I %E‘r. o]
23t 9g= °J‘H AHENAE A #3F ATUA F PR AT o 7
2 XA AHE HAEE I3 oA A §3Ee AR ol JdE 9l
#Fe] AFEAE B = oy v= g G5 AHHE A" g Brt

= F ol8A T 20%7F ARE S ol 8t HF A0
ARbetgs W & N9ge] #FE AT Efo] §8% dzep Aagog &
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4. tiEWE 082 m=Z52Reducing Car Ownership)

}lﬂ:
b
g,
m
ey
o
N
N
rlo
=

TuE THY FFOE U3 FEEHE EHEA FTIE
Sk Tkgk HelgHg o 2= A7} A& (private car or car ownership) ©]-8-° gk A
Flolt}. o]9} &3t Baum-Snow & Kahn(20004)-& ATe} +-8 AJAM o] A5
P2 HE H2A 5ol FRY o|&ES At AFE AASIAT =
sloF & H& A} o] 8E°] °|x&<3(quadratic function form)o. 2 T
2t Aol S o]&-&o] AUEHAT 4Es] | A= 23]
2E tFuss O ol&dshs 540l AFH R AU

TS Baum-Snow & Kahn(2000)> =AM disulF o &8 I AstE
(aggregated) Z]'L AT op g} mlo]| A ® AN AARE o] 838t QlTrALSEHA]]
(demographic) S|4 UFnF o8 JHE BEN3A=, J44 €
A QlFe] tiFnls ol&E°] H EU= As AT oY dATE H=9Y

Atlanta, Boston, Chicago, Portland, Washington D.C2] %9} 22 tFus 339l

40) Parons Brinckerhoff, Gold Coast Light Rail Feasibility Study: Report - Stage A - Needs and Justification
Assessment Report, 2004 pES-13.
41) Baum-Snow et al., The effects of new public project to expand urban rail transit, 2000



S = 3}t Corridor®] 600m ©]%e] 2172 H(Outside)®] 4-¢- 2t BA47F sle 7
Al(Households with No Car)2] HIFo] ZFAasta &g 2] o] RA3 71412 vls
(Household with 2+Cars)> A2t S7Fske A& ol e 2108 Yepyth 19
U Corridor ¥ 600mij 2] 7Holl M= A7} 2 Hf7F 600m < A9 Hup= d
A8 AA T ZeF220] Montpellier A9 AQstie BF S7lske FAIE 28 9l
o] Efo] FFHU R A7} kol S} FAE AEHH o ® A= XS Ho

2 HoltHl).
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HEAA o) gAe] FAANE FAT /1FHL 2 fAFUClY BABE o) &
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AN MBS SA] e, H SPAREE THAIZE 4K mean-variance)
o] A, FILA2] A A|(scheduling delays), B+ ¥ ZH(mean-lateness) 7l'd ©]T}.
Ha FHAEY F4e] A= B3Ae] 71t S A T (expected travel time)¥} &

42) Hass-Klau et al, The Effect of Public Transport Investment on Car Ownership - The results for 17 Urban
Areas in France, Germany, UK North America, 2007

43) Efie] A8 Ef] A0l 7hedt Aelss AR BHohks EY 59 tE wF o8] o A
TE Yo A AFE JAlskE A= deETh ORE, HassKlau et al(2007)014] AAISHA= &
EO L} Baum-Snow & Kahn(2000)2] 7oA 458 4= e AL &5 & o2 s A} 215
g5o] Hr} ol3hths Holtk & AMHOE 25 PO Q) A} AF &fr} BoAE A
olmE EY Mol A} AF HAEL AXShe ATS Sht AT Fatkn B S+ Yok



SYA|ZF M5 A(travel time variability) B5F5 183 A FP0|E-S aEsith= )
WO =2 Jackson and Jucker(1982)44°] oJ3ll wE+98 By =4 sidelt) o] )
3 HEHEA o A8l 7P Ads WHo R HEA o, SHAITA
W T UHoE FAAQ TR AHee B4 vEE TR AHA Tt
A& +4 c} 24 dojd = vk THLA Y AA AMdS s THLE A4
ol 71%3 ACE Vickrey(1969)45), Gaver(1968)46) 5ol s A/fEAom,
Sma11(1982)47)°ﬂ ofa A7ske olgolth. A2AA B ATIh FAE oL, 2
R0 9A B34 490 B0 B BAY A4S BHo|e FEATE ZHo|
A 7R3} oldthe ol ow}.

%@4 = hdol 84

4

TS —fOﬂZPE IHH 2AF ARKschedule time)S ZEal Qlout, AAl o8 d%
3ol wet ARtE= A7 Bk olEx ARl AojH AR TR A
Al BYAZE ZJole] HFS AFHA ARZE FsheE Adol vz HdE Azke] A
dolt}, o] AE FHZo o] Foix A S Z Batley and Ibanez(2009)48))] 23l A7) =]

At FHEo ?i:rué—?: SN HE o]2H A FoIxl 7FA e g A
of 2HS T3 Qt} EA AFEREE A"
N HAe] TR Ao FeHE YERA
), vt <] log-normal ¥ GA] A

F 2= VDR(Volume-Delay-Reliability)

M
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u
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g ekl Rl 14 283t
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i
e 4y
xo
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ol

= shed, B3AT] EEUAE VDR 3 HEE sk BEAshs 4ol
Vovsha(2009¢49& 2] 7HA] o] 3]AEA S B3l TP/ REHAE s
e BYe FAIE stk o] A7t fARE HHES dA wEREA A=
H 1} ATHTaylor, 2009). $HH Franklin(2009)50-2 7]t A ZHAI THAHF-S-Y A 7Hll o gk

NgE Yo)e FEAA thale] AR ST

44) Jackson et al, An Empirical Study of Travel Time Variability and Travel Choice Behavior, 1982

45) Vickrey, Congestion Theory and Transport Investment, 1969

46) Gaver, Headstart Strategies for Combating Congestion, 1968

47) Small, The scheduling of consumer activities: work trips, 1982

48) Batley et al, Randomness in preferences, outcomes and tastes; an application to journey time risk, 2009
49) Vovsha et al, Reliability in Policy-Sensitive Transportation Models: Insights from SHRP 2, 2009

50) Franklin, Modeling Variability as “Expected Lateness”, 2009
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8 Ty nEIANAE BAZ] A A A (punctuality) #2124 (reliability) ol

3 7ol s AUEel A ghed, A4S 912008)] BEw AT EST
& Aol el HU] oHm BB BIHUY 9 JhAY Fog A
g 5 Qe oz WIR Aok B TR AAE FAA Al dxska 9

© HIEQ wide AEAgd #EE A 2SR 5o dA7IA X3 A=l ol
T ATAEY 87 Far Yeide 744 AAE AAsL doh

ojFR TN AFA JHAE DT wEAE FAAGARA R A ZFhelA
=2 g AR o] gAlA dATTE= Zo] =ul-9f A7ek AR T2 AbelelA Bl
At =2 A E =2 A 8l Tl weh A pAEA T 3AEol
sk vlAlEAo] JiNEH, d= o8 T =R A% savt TAE 4
A= R Y] e F(-)o] Hejo] AN, dx FFARIAE = A
R NFeE E2 oA A AEre] £ Mo WE E2 o8 F29 %
2 Ao e, 3 ERoA xR Aoste FEo]EA A A HIA
A Aol A =2 TR AHAGH s A A 7D < e A=l
S AZ ] Aol wefo] AT

o
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L. 2420 N8 sEs

FHAE GTE FYALY HEAAE A BAHER ot 9o
of ®Ao| EPshu Ytk EFY| AL FYAWIA | BEUAE
: A WHES S glom), ol ARSI WEH/IA
1 g3t itk 829l A9 o L3vle] MY vleL 85w glon), tE

% Agstata gtk o] 7HE ANFYAL O
o FAdse] AAYEN AR FANL] EFARE F
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51) http://bea.transportationeconomics.org/ AFC]E.2] Reliability and BCA F-2-2 “gg] 3|33tk
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A3 wsAHATE Aol disl] vlgHEA s Al 21 AastHe

#E AFE0] AAE I At} Delache(2009)= 71thatA] &2 A Ao thak SP A7t

ZA3t] HAHARKAFAIRDLE Attt 1 s TN 7HA]9] 2

w2081 2 B wF Qlom, STIFQ2000)E thause] AAAZt] F3AZE 713] 9
=7

FeAE Rolsia gl

= = =

S & dod, T dede SEA th 2004 T == 9 w9
™, o]%

4

oiN

GRoAME AEERE ARQJY] HlgH YR A& F U= TN A=Y =
HE g AFE T3 o1, “safety margin” 7|H-S 833 At} o] 7l
He EHAY] AAEZE A bdE AFAIEE 95T E Asta
Safety Margin = Travel Time x Coefficient of Variation x Z95th = % 2] th(Fukuda,
2009). 124} Fukuda(2009)&= ©] W&ol BE T2 P& tivisty] o,
A= 7HA7F FAE safety marginol] whe} ZAETE AV ee AAEIAL,
©]% Fogerau-Karlstrom(2009) E3-& A&3t A9t 1L£E2 HolHE EURE &
AL AR 74 ] 0.9668e] AE A 7HAE FAT vE St

ol

4) HH2t=

Van der Waard(2009)= A1E/4dS TPAZT e FPAIE 7thgke] wstol] ofs)
Mg = don, 2AE Tyt FAARE EX9 ZEAUA| s SAHE + A
I AARE vE Aok 2020 A=A AR EX(The 2020 Dutch Strategic
Mobility Policy Document)= 215/l thet A Ex5ES AN Uk dE
o] TR HFARL A4l 7t EaAREe] 9599 ool TS & ¢
ook s, BIFHFAl = 15918 @A fotof b= Folth A vddEs

20059 AEIL 3)0|E Fal T EEUAES H§HY BHe| @ AwT L
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Eliasson(2009)2 A A& 75024 Uehts B4
7t = BlgolH, o] 8xp7t AL AUE o] FAE B8R
I A FES v BAof WtEA] XA Ak gty =St TE A
AZ 2006 2550 LR ERTPEE P LDoAA AA == TR
3~50HAEE ZASAZ o, THAY HsAE AT A58 =47 &
A gt Eliasson(2009)2 S A= %7 £ A5 FPE 2HE Lo
1 FHAE FEUAE BA FAHES AXS v Aok A AR HEol dis)
A AA TR AGR(=AE B FHAIFAY a0l AFgPor BHE
= 3t Atk AFAHo R o]gfdt AAE A FHAIRES 2819 7HXE Fofstar
S}, Borjesson and Eliasson(2009)2 ©]RT =2 7kl 3ulj~4ulE & -83foF grial
T = stk

O

6) &=

FHe TN AFHANAE HPL hsd ASIEHoE ERISIAE oy
sHH| 718} skl A= Ltk G=ro] B2 %(WebTAG)
BEFAAE, gTu5e A AdE =24 gib] HF Xl?i/\lz_}OE Aolskar 9l
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IS5t 01152)
A2 9)(2008)= FHAIZT AlFA(travel time reliability)> “J A (punctuality) &
o HAo R HE=wFo tEAQl Hejo = 14 F gto} AlFs WHEC] FH

wo} A ot (cWhErAZAMNA st A Fetd FEde FxstEA,

1) SAAIRE dlzlY X|= JHE H M-

52) A 2], SARE A1 R & AR 2 Ao

ueh
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SN AFAPE TN Bl AT Bste] Fojsta T
b Az B AA|(delay) o AE AT BHE AAE FES Dot des AA
st &, B A FHEE AAl= S ol oS A A A (recurrent
delay) 24 LA vlud FFH SR YER|E ZE(day-to-day delay) F3YA7}
ARell )1ASEAL Qe HIE-Q] WHA, AR AEE AA= S8 (incident) 59
AN7|A| Z3F Al oal xjEe wEAEY &7 AR Yehue 93 AA
(non-recurrent delay)Z4 FHA7}F AL QIASHA] Hoh= H]%{Bremmer et al,
2004; Cambridge Systematics Inc. et al.,, 2003)°]2}= ZAolth 7|4 A2 =A<
dRlez2= W 43Kincidents), ZYT7Hwork zones), ‘EX(weather), T8W-F
(fluctuation in demand), ©]HlE(special events), 15 A|4(traffic control devices),
71885 F-Z(inadequate base capacity) 52| 77HAE AAStAL Ut

AN AP AFE HES o, A A5 A Al xF1A
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AN B2 tigk AE Fiolth A WA AR B FHARE By WA =32
& Ao FHARS AFAE Helo A Agstel FEFA wiAlE fl8) 224
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b AR FAIZETL] Afo)l 2 FASATE Al HA AH theiA e EOAEE
(log-normal distribution)= 23}tk
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Sttt 53] e o]§AEe] L AE AA FRE <
A= THAIZEY Ao)|R, 38R B3 BAR AEE &A1 4 (headway)
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A YA Aol AR A= o] 8Ake] AlF TS Z1TH 1 WAL
22, A FPAREE 71 3 AA 2RAREe R ARty A=A =
AEHe T3l AHEE ana Aegoldor, ArfAgriay dufy dHd
EANAEE T, 20100004 =AM ghe AlASkL ok dEeF o, SRARE A#A
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TRCS = TRCuxq — TRCyy
sit. TRCS = TRCh TRC.

oA71A, TRCS : FHAZE 4184 H(travel time reliability cost savings)
TRC : S33ANZE A1=]4d HlE(travel time reliability costs)
h,r: &2 A%

FERSRS ALl AN A LAY A thes} o), Azt Falel
e BPAWIA 0779, MATEBLS 0820f0)m, EAN] AS 77
1.O3BH9]- 0.84°1 & A|A]SFL YTt

<E IlI-17> X7 SHO| SHAZH NElY AT

-z 212 S3(2Y/21-A]) HI 2 S3(21/21-A)
VOT(A) 11,173 3,555
VOR(B) 8,659 2,906

B/A 0.77 0.82

F 2H|AEZHKE 0
=

ol
o
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<E III-18> TA|F S| SHAIZH M= AT
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ASehe] FAAZE A 1§ e} o] Ak o AL HEos HF
9 HAT A D NES TEsh] 1Y WS MR, of7lel 3655 B
o A%k FAAZE A W)L g

R} = 8319 AT ko] B 724 X K (Z/km)
Pr = QA5 ko] B A 71 (/9 « A)
E

D, = BA1°] Aol (km)
Q' = BAI] ARG k] WS (A/A])
=221 2535, 2 ANk E 3 39/ mA A R)

Ty FEaER 3L el ARt
HUe B SRS o8] AHA 1A PR E L FAHOR w i QA
Utk AeHos A=Al AYE AY oAt & o
= dwol g2k F718A HE vl mEAI2R Aol tdk A4 J:lou
W3l B2 S MES Weow Bddn.
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i

%4944 A7 ATEL Anghe w EAAge] Ay Ee aEwe] Al
FERED fz}%ﬂ% %—194%*4011 A5 A Bl 2, %

=3 =3 ]'Q', J’ 7]"]'tﬂ§]' A7|A X3 T8 9] ’-ﬁ% TOE QIZ AA 9 THAaE
Helow AlFsletr] 913 Aotk FARILE 913 wETa w4 o] 43 53}
H A (static traffic assignment)ol] 2|3k AAIAQ] wEFQ BHE F)| o]FoAXt=
A ARAE wl, o] &AL A7) EFE 4Zo] wE T FHANAY FHAIZY
of ZiHto] Y &S wsAHY BAE Fall A dve A o
Aol A He]o g ZHrskal Qv A 55 A uf He] FHo R Wty ¢

1
G )] MRS ofel 1A WAYE ST Ak $H N A
A4 ATE) SHel N BY, FABNE A o) 8] Freh A4 AEsle)
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.
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zusol 2 W % g3l mE Hols F8s7] g A7 QoA
OsiAl He=ar Atk Zheng Li, David A. Hensher(2011)33)2 &% ¢slo} o4
3 F=, v, &7, o|xgtd oA FlE teuFe Al EF 7o #E A
T Al E Atk ] A7olA= SPARRS} Logit models 4831301,
RP A& 83 A7+ 79 gle 202 Yeyth sHdE 4uRd dxt o]9
of M2, AXA, et T g Fetel gk A7 Ao, A Ui Qo=
HAL, FUE, HIAE theret okl A7 g v7b Utk Zheng Li,
David A. Hensher(2011)°ll @Z2H VOC(Value of crowding)= FA 37}4] WHH-E& o]&
ste] FAE T ok A MA= ‘Time multiplier 2, S8 =0) wig} S8 Aol F7}
ARl v E&-E& AHgsl= WHolH, T WA= ‘Monetary value per minute’ 2 E3 50l
0E &9 SIARE T HES A3t WRololth. miA|IYte® Al WA=
‘Monetary value per trip’ &2 83 5 RHEZQ F3 A T st= /Eo =, 2

offt off

o

53) Crowding and public transport: A review of willingness to pay evidence and its relevance in project
appraisal(Zheng Li, David A. Hensher, 2011)
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T A= :
2] AFolA SPRAIE FslPong TFEE HE SHAldA wHe=
W S Thrgk 210 % UERGTE Wardman and Whelan(2011)59+= SP A24] 2143

= PHoEs 9E(Vm)7t ERE(%)HT Z@fa ﬁgi

AAEAE, ol ERE(%)7F 2UetE ] B Sl whet A
7 ol AE 4 7] WEolga shnk =3 HEA Y dijke 2d
UAAA A FHEE)E I1gor wFsE W, 2] AAAQ
HAEE Yepfis 3, 2402 Yehfls W, ARRICE Yehfs
© Ao YEhTth

g ie] Ao FHPATL FHNE, ERE T £4& st AAE it
Z s Aesls CEHoR A $8Egon, o8d W Qs gt
8 (train type), ZH7Al7Hheadway), A (punctuality) 5 F7I=2 AAT HLE
AR

k=3 =X~ 9Ol MEBE X
<H lI-19> E& T JIXEFE Q5 SP MAEZT AKX M A
= =
AT HEX HEY

Alternative A | Alternative B

The travel ime within your main mode is 5 | The travel time within your main mode is 9
minutes minutes
The price of the one-way trip is 44 kronor The price of the one-way trip is 44 kronor
You are standing during the whole trip | vou are seating during the whole trip
within your main mode within your main mode

The picture illustrate the view around you The picture illustrate the view around you

in the vehicle in the vehicle

1! choose alternative A 1! choose alternative B
[11 choose neither of the alternatives
|1 am indifferent between the alternatives

54) Wardman et al, Twenty years of rail crowding valuation studies: Evidence and lessons from British experience, 2011



<E 1-19>2 A%

= =
A H=X| HEf
Train A Train B
The journey time is 43 minutes The journey time is 29 minutes
The fare is £3.10 (one-way) The fare is £3.75 (one-way)
it in the following conditions Sitin the following conditions
Whelan and SPEIEES BT ERET SyNNE ZaE ENENSaEEE  SanE
Crockett(zoog)ss) =HEAEEs: :mHAE pan mIUCERDs 2080

Which train do you prefer? (Please tick one box only)

Strongly prefer A Prefer A Prefer B Strongly prefer B
—
CHOICE 7 Oprtion A Option B
Train type Super sprinters Pacers
Journey time (min) 20 30
Single fare (£) 2 1.80

Lu et al.(2008)56)

Frequency
Punctuality

Every 20 min
2 out of 5 times
delay for 10 min
Enough seats

Every 10 min
Always on time

2 out of 5 times stand
for whole journey

Crowding

Preference

A B
8] ';I
AW mmEs on train for 26 mina oW mmes on train for 34 minas
Stand for 10 mins Get an Uncrowded Seat
ey .
Douglas and @
Karpouzis(2006)57) s b e '
for train for train
7t mZEtAo| SEE PIAT[ESS)
FRE B W0 M) A5 Tyzold 1YY A7, AL 5
3000709 SP SRARE vERoR ERE sl mE /NS FAAY. AR
olgake] 4ol mhek Bl Tl wgol ThE % i HE welsle] 4 ago

55) Whelan et al, An Investigation of the Willingness to pay to Reduce Rail Overcrowding, 2009

56) Lu et al, Amending the incentive for strategic bias in Stated Preference Studies: Case Study in Users’
Valuation of Rolling Stock, 2008

57) Douglas et al, Estimaating the Passenger Cost of Tran Overcrowding, 2006

58) OECD, On the value of crowding in public transport for Ile-de- France, 2013
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2 TRIGor, EPEE F AR TRIGT
<# lI1-20> =& et 238 B =

o= e HlE

Typet Fearing closeness of other passengers 34%

Type2 Enjoying a time of their own 23%

Type3 Wanting to save time 18%

Type4 Acting as individualists 25%

XtZ : OECD, On the value of crowding in public transport for lle-de- France, 2013

[LE I-10] 28E 7= & ®E

Number of passengers
(%6 of total number of

Level Metro, train, RER, tram

; o T ©Bdsdl %::HEB :
2 50%

3 75%

4 100% ot ‘{'
5 125%

6 150%

7 200% ‘%‘ﬁ; q; IHJ-:E """:{ ||
8 250% “_JL.. “‘;:F}jf;i; I

XtZ : OECD, On the value of crowding in public transport for lle-de- France, 2013



SP AFZAL A WAL 5 YE biasE AAS] 3] HEL 200 AA
A= TR ol A d a4 o 2 F
o} v, TRl AE e F A

TSt A AR dex 2

A HUBA, F AR AERAE TR

= HA A
Agigk=]ol gt dEFAbet)

= = > [e)
Z oli@ %L
<# IlI-21> SP HEZAQ| Chet 7+
= HE
EEB Ol At o R CHS AR M
Pensez & volre dépiacement de Tolblac a Chatelet
Sl vous étiez sur le qual et que vous ayez le cholx entre
un metro qui part tout de suite ou

un métro qui est prévu dans 2 minutes,
lequel choisinez-vous 7
Prévu dans 2 minutes
Afffuence dans s vahcuie

SP1
Affience dans le véhicule

00 % ces na o
=245t AZto] EoLt 2 245t AlzZto] 2:f Zelut
o — o o — o %
e 7tsdo| E2 A e 7tsdol =2 A
Pansez & voire déplacement de Tolbiac & Chatelet
Imaginez que vous ayez e choix
entre les deux conditions de déplacement décrites cl-cessous,

[ pas pandant 1o

Dans laguelle de ces deux conditions de durée, d'affiuence et de position
préférez-vous effectuer votre ceplacement 7
On suppose que 43 durée fofale du frayel, le niveay d'aflivence ef volre posiion ne changeran trajat
| 15 minules

14 mantes

SP2
Durée dutrajet
| m VOUS POUVET vOUS 3SSE0IF pendant toul ke déplacemant Clest & vous de décicer de voyaQer assise ou debout
XtZ : OECD, On the value of crowding in public transport for lle-de- France, 2013
SP AEZALE Bate] W B3 £29 S 3l BYPANES BE S-S
71202 AL 1.000~1.413, YA 1.280~1.604 +FO.2 YEIYT STHEZ Ay
B WERZ, dx9 RER tiH] W28} EffoA] WAsh= 37 ARt & Ao
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[28 H-11] S0 28 FIF MHAIZH

Crowding All modes tr Train+RER Bus+Tramway

i Seated Standing | Seated Standing | Seated Standing | Seated Standing
1 1.000 1.000 1.000 1.000
2 1.000 1.000 1.000 1.000
3 1.000 1.000 1.000 1.000
4 1.083 1.077 1.073 1.102
5 1.165 1.289 1.155 1.270 1.145 1.261 1.204 1.342
6 1.248 1.394 1.232 1.362 1.218 1.358 1.307 1.467
7 1.330 1.499 1.309 1.453 1.290 1.456 1.409 1.593
8 1.413 1.604 1.386 1.545 1.363 1.553 1.511 1.718

XtZ : OECD, On the value of crowding in public transport for lle-de- France, 2013

RER =419 AAol tisted 4% time multipliersE ©]-8-3te] o]&x}9] 53
Nz DA S AZK(real travel time)©] oA AA|E FF A XK (perceived travel time)
° 2 gikste] FHAIRT A7t els AHAE AR Helo] o 6% VM ke A
7} e Aow B,

ERFTRKIL B A AN198T)E A FHE o3k YA Ag )5S o] 83}
Z HE 84S F5I9 T A7 shE]l 9 :
oA s7o] dale] EHREE o =3fe] o3t ZYPE

2
>
&
3
Pt
i
)
X
o
>
N
iy
&
3
Pt
(i
o
i
_>;1_-‘
2
oy
ot
o
b
it
s
oo
_o|£
£
fo
o
ot
o
it

Uc(r, ty) = 0.4225 x t x (r - 7.4)

o714, Ue: 440 5.8 &4k 4
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(=HMAD) Etgtd HIE 2

<# llI-22> A O|QH|O|E FFM o =7 &% &7

Toes | s x| EE A2

(@lm2) (%)
0 0~30 M TS
10 50 5N BIISeEl A I A cecew
25 80 SOl 280 F20] of HEo| 540 A US
40 110 £H0| 30 A U= 524 P20 oot g
60 140 S0 w25 mEsich L7
80 180 22 7Y 4 82 BE= vE0 BEE

K A AN (1988)= BB

£ sy B3 MESRSE 23 A5
3 A3k Arglel HARE A0E e} 43

Aol TSk Exb 1L oAl T AT
gelz APstgon] 7 mad) g F
2ol ool EAIGTh Bk

ta(Xu) = Qe X T x [Xa/ (Bfrc x C - Xa)]

A71M, X, B a% WEH,
L g B
T: 28 AR
C: kA4

i

<HE |I1-23> M m2bd|E

S a B
M|O| 50| H 2 RE2EM 0.007 5.81
CAEeIaAM 0.019 452
EANM 0.103 3.49
7|2 M 0.030 4.49
=710 DORM 0.011 5.50
HEANY Y H§ - 523 B4 viwd(€E, HelS

1999)0ll A= oA A2 QA
o]gA} Helo] FE o7 HAstu glom, £ A LS E3ste Iuks} Hlg-o A}
o]F o]&ste] o] §A HWels AEsAth A v £ EagS AEs] A% &
e et guks) Hlg-S AE] AE 4 ted Z2th
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UBISH|ZQ) = 2 + WAIZTIR], AE) x (access egressAlZHE) + SAAIZHE)
+ WAIZIZHX], D) x SEH|EE(F) x EFAIZHE)
+ 2 x WAIE) x 2ESAIZHE) + WAIZIZHR], AfE) > 10(Z/=) x

rion
4
&
ol

<H II-24> Y2o| it L 2F 288 B4
ZTE(%) % 252 4(F)
0-100 F=0.027R
100-150 F-0.0828R-0.0558
150-200 F=0.179R-0.200
200-250 F-0.690R-1.22
250- F-1.15R-2.38

Qo] wEROIA BRI AL 915 20150 FYT B Aol A=
Wi o B3 Al mE AW FTEE A4 dHoR TRl AN
om, A 100% olatollAE AN E SolstwE st1 Qo)

<HE |I-25> ¥3o| Px} L) BFE0| ME AT E5E

T === A5 7|Et HIHF

EM 50% E 0.73 0.75 0.72

I 75% B 0.79 0.76 0.72

A zA 100% &S 1.00 1.00 1.00
= oA 101m? 1.09 113 1.14
2141 301/m? 1.31 1.36 1.39

0.591/m> 1.16 1.29 1.21

- 1.001/m? 1.19 1.38 1.27
g,j 2.09l/m> 1.32 1.56 1.57
3.091/m? 1.57 1.61 1.79

4.001/m? 1.86 2.03 217

Xt=: ARUP, Provision of market research for value of travel time savings and reliability, 2015
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uzt FA7F o]Fod A AFH 2 74—r°:1 Ae MAdske a3=
ATk = UtahT Salt Lake City®] o] 395 A3 2

AF ol &g H HRE I ES AAT7| AL, A Y H

the A37F AAE v ATk,

A4 wet 27t A o] & HFnES o 8she -l

o™, EH(pedestrians) R A (bicycle) ©]-&-AF2] 7ol &

&5 (physical activity)©] 7HASH F 22 A4 A o](disbeneﬁts)

Zloltt. spAINE, Ao o]e} HHAZE F-of W] FHo] §ol

Btk ¢4, =R 8l AAA o] At dsuse /AR tF

ol she A4 2799] okl 4 slosk ool thgslel 97 AR 2
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of 17 otslof] #Agt FHS st A2 gA fTh
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7} 2
W@ FEst $HEo Bastn, AAFFH 8ok MmE 58X

P

59) Barbara Brown and Carol Wermer, Berfore and After a New Light Rail Stop, Journal of the American
Planning Association, Winter 2009, Vol.75, No.1, p9.
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of Z94, HAAY T3 2ol EE 540 Y] v ASe 71 Zavt o

U] =0 A 29 237t SAsY B deje] FEEA Ee ol AY

spatar sH| 718} sk Zlo] 944 92 EAIZF SART =AAA
<

o] ZAIZF JoH, dA aLgaytet

5}
% mvhe Q24 AEe) ) Z7hE
B UF WG Q7] HEelth B Eske A9 YF AelH EAT % gl

=20 g5 HE 23 E™ 1857}
N7ves nE@AL F5 X
sy | LB | aggumn egMmEane vy 5 X

el SRS

ZYEI Uex|AM E1Y Tks A
EnS0I188 57t +REMHS S0 B9 5 X
= E@EAE) HMEINS(FIL UT 2 R) X
2&7H(Crowd) HMEILS(F7H 9T L) X
Akl HBIHS(HAS, SRS HX| 4S) X
A S ZH A7 HBIHS(RIRHH 2 SRIA) 0




U4 A3 BIHAA B PEECNA AR ukel o] Y& FHRE 2 o
HATE Adstae A Foe HEY deus FHeR TEshL A &
o FUellMe EF 5 WAl tiek o244 g EAEE el E5ko
T4& FASAT olek o] Iule] Bd AH B Al Ay EfE EEe A
2Hlo 7 ZAFhal A= o, d9] ARE AuEgte W EfL W2} Fds)
At W2 tie] oF 3E~10% Wele] s BAHE 2L e Aoz AN, of
=9 olg} Z& zole EF AAS £l SAolPIERUE AN, 3T T
A S mE Alolz sjHste 2ol Bed Zow Bt

EIEVEE
grop, Eg MR Surow 1] ASME SF Fuke] ThE AASw v
Wk} BAIOIL Faul &3 2o Auhis oo Sk AL 2 Y FEE
2 EAo] glojof el ZHE Ed HUx), o U] SlsiAE ol gAe] A

=
QEMA W2 EE AL 58 F o 4
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71el WIZPg7IRke] 7R 2 ERstal Qlom, i o83k YAl w2, A, M
+3de] 7= ERFskal v

<E IV-1> £ SEHUE 2YO| mE|H MY |E S22

a2e40 4 TL2A0E
=
NZPIS | HIBAS |SESgas | wETennl| s34 |KsiEeion
SEXL -0.0305128 | -0.0142173 | 2.158460 -0.93667 - -
Bl -0.0305128 | -0.0142173 | -2.086760 - - -
A -0.0305128 | -0.0305275 | 0.892104 - -0.20831 -
kS -0.0305128 | -0.0305275 | 2.344240 - -0.20831 0.26306
HA+NH -0.0305128 | -0.0305275 - - -0.20831 -

e BP9 FUEY 455 R W2 Fu o) A FHo A4S v
A 22 % % itk SAA weh o,
3 Saol el Zhae] FABAE W2 oyl A
FURUAE ASARA TP FREB] A o 358, WP B9
$ o 268 AE9] marh) Ao FH BUv} EASHE 2o vehdtt
92 9 %29 AAR) 8 A shbe 9 AR B9 A8
Aspdel AAH 5
PAAARE S0 29 TEeel AALGE ), (0 Sl w2 e
Aspde] Aol o 108 We)E A Zlos B8 u ok

El
%
f
)
[0
m {
4
ay)
lo
o
o,
1
o
o,

H] %
71E 1:6} Fae 54%FE stk F8ske Ae e davt Utk

60) °171d], FRAE Fepasts NPT w T AP gk 2016.
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<H |V-2> I SHHETAS] TR OO AtE: 7+

Sr. Name Description Sr. Name Description

1 sheet_code It 2RHS 7 drive_license 2HHH S

2 sheet_type = EfY 8 job_type HASF

3 seq I+ dEHs 9 employee_type DEHEl

4 relation | 10 jus_il ZFEEY

5 birth Ev bl 11 th_yesno sHHF

6 sex g 12 th_nosayou S AR
[Z18 V1] 7S AEfRARS] ZH1@ HOJE{ (Of Al)

A B ¢ D : F G - I J K L

1 sheet_code sheet_type seg relation  birth sex drive_licen job_type employee_jus_il th_yesna th_nosayou
2 10060710101 1 1 1 1940 2 2 2 #NULL #NULLL  #NULL! 1
3| 10060710101 1 1 1 1540 2 2 2 BNULL  #NULL  #NULL! 1
4 10060710101 1 2 3 un 1 1 4 #NULL 2 2 1
5 10060710101 1 2 3 9n 1 i 4 #NULL! 2 2 1
<H |V-3> I SHHE TAS] S H0|H Atz 9

Sr. Name Description Sr. Name Description

1 sheet_code It #RHE 8 start_zcode EUSIE

2 sheet_type EATE 9 start_time SUAIZt

3 seq It HE 10 end_type EEER

4 tr_seq sdHs 11 end_zcode EAESIE

5 tr_mokjek =4 =5 12 end_time EEAIZE

6 tr_sudan = 13 person = ol

7 start_type Er 14 highway &2 0|8 /F
[28 Iv-2] 7S AEfEAIC] S CIOIE (K Al)

A B ¢ D £ F G H I J K L M N

| sheetcode  sheettype seq  trseq  trmokjek trsudan start fype startzcode start time end type end zcodeend time person  highway
2 10060710001 1 1 1 1 3 5 01-008-082 1500 10000607, 1530 0 2
3| 10060710101 l l 5 ! 101-008-071 130 501-006-08. 1350 0 2
4 10060710101 1 2 1 3 10 101-008-071 1110 20000607, 1140 0 2
5 10060720101 l 2 1 1 10 201-006-070 2000 101-006-07, 2030 0 2
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IHEA FUTE Wb TS AEj AR o
2 &3 dolE o Aavhs ARSI

Y FHHtr_sudan)S WF FHORZ, =2AIZKend _time)d} LA (start_time)S
PN AHES 18, 9 & ZE(start zcode)2t =2 T I E(end zcode)= FHA

£ 4RSS S8l AR e By 755 S8 Zast tolHE 4] §
3 AR A5of WA &2 FAo] R, A5 HFo] dasith & AT =
SHA As JYAAANA Y o, tlolE dY AdolAe o F ¥ =23 HAEse
g & sl tig 4 2 AA Ade TR
de wErte] FanE o] oty Y By 755 9l
+ Add FFEET o) HIdE wFewe] A AETE Qlojof gith &

2
Fol A AT oo thekrEte] FAANE F45] 913 E}—A 9} ol %
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(Bt : kmyh)
T SEX EHAY x| 5ta? E4A2
5L 25.2 195 30 24
A2: 1. MSEEA| 25 2 M E (http://topis.soeul.go.kr)
2. 43 9, 2AY 20l e +HEE2EO FFU Aol 2 ¢, 201

Fodd B2y 75 9

\__1__"“[

= = 7133
sok Shzdl, B AFoA ] FYWPEL HvEH )

T 1FE 7 FYAT AEES 918 KTDBAA #l23 F=HnFTEF(MTA)
9] 622} 71Z2A5(0/D E Network)E A3 7|E 7Bl Z2AS] B3
olele} WS thg BAATE 1T Al Y By FE5ES S 7= dlo]
HE A3t

2014 M=o O/D BB4l Aol e B3ATEe] 49 EMMEA 79 54
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130 ADESTHHMAD B BIIE 9I8h £0 U HOISH SIS JHMuol ol

AT ARE ARIARE B dTolMe TR A A AR TS

Sttt wE FE2 83 M, A, YAE agsislen, S371Es 7
2

FAxl 201439 71 ZAZ(O/D L Network)S ©]-&3te] A=3FT) 201493 71F
Aol 3l EMMEM4 =238 o]&ate] JAE 5829 7]- T3 1+ HAt A
= the 2ol YeRd o o, yEE FAY 45 FAAYE 022 A5
=3
<HE IV-5> 1S EZt T2 0|8 53 H|(E8A 7|F, GlAl)

sub= EEAE S34712| (km)

46112 46112 0

46112 46113 1.55

46112 46114 1.2

46112 46115 0.46

Hense] 745, dvdogZs A FFAet 242 F3 A (Access length,
Egress length)= 725 A5, JARP L] A 219 FdA2= & Bddo=
Agote Aol AUtk B ATolMs Mot AR A% 242 Line datas o] &3
2 BAAEE AEstnen, WiEE Tdd A9 SFAZE 002 A5tk
2}9] S AZ e B¢ B A(lkm)E 2833tk

<H V6> uE EZH BT 3 HA 0|8 SH AZ|(0IAl)
e TEE S&742](km)
46112 46112 0
46112 46113 212
46112 46114 15
46112 46115 0.70
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x
0%
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@

T wF &t SHNE-S 20149 A=44 OD EQ}ZE*J Ao W&t
B2 83l A=tk B dTolAE g R WHES F8351HE, 71ed
S5 2014958 BAlet a3 TXIE AHSHATE FHIE2 FehE B
£ 7IMe g st 7 e At Foton, 7 e A S o &
of AAIA nie} 2o,
<E V7> D5 £ SHHIE 7Y $T Y MEu

JHolmE Hsus
SEA} I ES UHFE NEHE
Ttcost Acost Bcost Rcost ERcost
Acost(XISXH | &) F5H|+PCost+Tollcost -
Pcost(FxH | &) FRH|IE -
Tollcost(FETZ2H|E) FECEHE HAH|E
Bcost(H AH| ) -
Reost(Y EFE =H| &) - - U EH|E
ERcost( 1 &E TH| &) - - IEHETHIE

YE T A5HE =4 FFARlA Zﬂ*o% FJEW @rtel FAAC] A5
2 SEQFE o] 83ty 71 FHd WE AEEg o, HE 4=EE km
H) b= 6 (km/h) = 145. 33(°J/km)°lE}

oft
Y

1,345.73(4/1)/9.2



132 ADESCHLEHFXY) EISA HIIE 98t £2 2 HIEN iz JjMutor o1
<H IV-8> S&Xt REE 7 HH|
T xS A 22 (km/l) SSo4
1500cc O|2F 12.28 2,356,356
S8R} 1500~1999c¢cc 10.03 5,908,656
SURER 2000cc Of Ak 713 1,868,156
8 tesy 8.91 2,215,655
S&(152! O[3k 8.46 638,907
1500cc 0|2+ 9.10 647,722
SEXt 1500~1999¢cc 7.24 1,624,190
LPG 2000cc O|4f 6.42 513,525
48 C1=2XY 7.18 609,046
S=(152! o[sh 7.15 175,625
o 9.26
A2 20149 F LR £ EFAF A, AAS AR
<H IV-9> SEX F3YE EH7 Ut
oo 20144 2lE{E INEEPSS
= TN S=g4
&S24t
ell=1 s 1,510.4 9,808,633
SkA
&S24}
4% 1,299.6 8,622,179
&5t}
&S24t
LPG 806.4 2,257,447
SkA
tEET 1,345.73
A8 MSYEME SIHEMEIA 2OY, SHRASTA
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Falge AGER =449 GAS PRI BF FALFE MEsGom,

2]
T dFshs JAHe FAE FAHIE Hage A8sHith

<E IV-10> XHE FRHIEAAIZ 71E)

(&l : 2
El .
A= b
12X 227 324 42X 57|

M= 6,000 3,000 1,800 1,200 600 2,520
eI 2,000 1,200 800 600 0 1,150
24 3,000 1,800 1,200 600 0 1,650
o 2,500 1,500 1,000 0 0 1,667
mES 1,300 900 500 0 0 900
=t 1,000 600 0 0 0 800
i 1,400 800 600 0 0 933

@ E4A|
BA)Y] 79 2km ©]3tY o) 7B QT 3,000, o]FEEHEE 0.142kmP}F 1009,
2 3529 1009S Basts Agng A4S wrdste] v &S AEsgth

<H IV-11> B2z 2E J|&E

= = NZi7iel BA Heaa
e = olF o= -
= = (< 2km) ¥ 25 (14.75km/hO| 6t 23 Al)
EHA| Ut 3,0002! 1009/142m 1009/35%
® HA
W28 52 3534 e 45 Agd AHAfle] sULTAE FEsi9on, &
% AdlE EdAZNE A4S 2833 tH10km oW 7R, °]F S5kmT 100
). & dFolAeE AYE, A58, 2ATEE 85 WHile ek ¥a, 39
2, AW, tREH A S8 5 85 HENES TEste] HaeFE 4
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M = Mol o

<H V12> HA2= BHI[E
SEr - DEI=(R) H3(R)
ekl 1,200 1,300
K| M [ZHAH A HAaH 720 1,000
ofzlo] 450 450
ekl 900 1,000
OFSHA HAaH 480 550
ofzlo] 300 300
Ut 1,100 1,200
TR A Jad 560 800
ofzlo] 350 350
Ut 2,300 2,400
HHHA Jad 1,360 1,800
ofzlo] 1,200 1,200

<# IV-13> S& AHelHlE g5 #©AI[E

=
=

AZ7el SN geal
(14.75kmhol 5t 23 A)

MEAl ZHI[XIM, AISHA

d7|= 2erg AL, AOlgH A

QUHAl ZHAIR[/Z 3 ZHAEH AJAIL) 2R
M 2| ZA S EE

10km 7| 222
0= 100&/5km

30km 71223
0% 100%/5km

@ MH

A5 aFe FRAYNE 2FAE AEHCrI(10km ol 71ELF

nesA 2 BE FYLTL

5km% 1009), A, AAgHE QF W3

At aFoF st AT

[

O
e



MV CHMAED) BoIyE Mol 135

EN= =i mE=> = a3
Ut 1,250 1,350

HAaHA 720 1,
x| 5ha = 350
o{2lo| 450 500
wol, Hojol, 27t2 At 28 Cr]

A AR e Y RS VHHFAAERALE VWMo E A T
A 2 T 54 HolHE Zwte g FAEHE A oy =3 Z¥(Aggregate
multinomial logit model)= 833l Uttt THAE BYPL 7|FARY THEEE
S 7Nt 2 7EAEe} YRR AEE 882 Aol AHstY FHEEES
2FEse A7A Z3l(Incremental Logit) 28-S 2835t A FHEFES 9535
ok o, A AuEgde] AHHAN - AskE) e NLEAE SoE V|EdE
THEERIE Qe A Y AYe FHEEEY FEe fd o 23

Z

(Multinomial Logit) 23S &-83t7]% gtch. A%12 Z3l(Incremental Logit) 53
T4} Z3l(Multinomial Logit) 82| -84 th33} )

12

22Al
o

<H |V-15> $LEHMENDR

og

(=i |

HES ZA|(Incremental Logit) =8 CHa2 A (Multinomial Logit) 28

wio] eeeE | o)A P, G) el i o FuREE
) g b |

FOEEE Viigwriol 444 5
i
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S YR 383, E EE 54 Y A et 9o, 88
45 A% 50 548 Asins oast 2

<H IV-16> +EHIEY 2| 24 (r+H)

S&2 &8 = a,+6,,* Ttime+ (3, ,* Acost +y* AdminD

BAl B8 = ap+p,,* Ttime+ B, ,* Teost

W2 8 = agt B )% Ttime + 3, ,,* Beost + v, * TRno

A 88 =ag+ 0 " Ttime + 3, ,,* Scost + 4, * TRno + 3 * Dum.Sta

Ha-Add 88 = f) )" Ttime+ 3, ,* BScost +,* TRno

A71A, Ttime : 7] - 3 & SBARL Acost : 3-8 3YU&(F-Ful+FAH])
Teost : HA] 548§ Beost - ¥~ 5348]&
Scost : A|sPd F8H| & BScost ¥l + A5 SPu]&
AdminD : 337359 0] TRno : §&2312
DumSta @ X529 tn] QM STHe] ARt
Byr # NAREST ARE- 11 WR AL |3 g REST AIZE- ]840 A4
v HolHSe Alg

S

Xt=z: 20134 =7t

%d T 525 2y ASas AWEY gy} 22 ARS ATE
Atk AA, T sepE A A, SRR TAHE BF 3] FE5E R
o]a glow, l% YA Blgo] AegE 80| TR A dA|gth
A, MAuFratd dFsueTdos FE5ty Pt T30 L seprHE o
&3l T3 l ZHA(VOT)E AHEsh A3 /NI ETT(12,8779/4)), EsuesrH

(5,9979/A) o= A HATE AA, FHE sHEE du R sy 23 o
g F AT gho] 7Y 2u g AAS HdE dEo] muh &3, YA &

o] gl w2 YEht A9EEe] 493 Hes BIUI%JE}_ ] ‘%‘oﬂ 71744 o

Al fE AMEste] BYe ARES w9 ZleR

S8 APEs wria A,
T2 7H7 10 S8 28] Al

st E 4 A3, S TS T ()9 l"%

YA vlgo] 2EpE g8o] SrHIths A ARt = H P 1*& &%t

SR AAREFDH DFRLESFES FEIA BT FASHAL, FAAT T
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£ B E o] &3 VOT 4= A3, 3,679/ 2 AU AA, 49 vt
HHE AHEH Fode 2y fuis F Ad ol gho] 7 228 A3
< A9 gEo] ok T3 BAS} S8aF TR o] 5(-) o2 UERY AEgE
o] 43d] W& omigitt 11 YA tv] MEE AMESt REFC] AREE
FATE WA, piot pl BT 04 oldo R AREE Ewrha o,

o

A A B ma ) ASRe AR The 2T S, ShE s
A% A3, BYARL FPNE BT S()0] FEE HolI glor, ol AR
Hl%OI g4 mgo) Z/ATHE A4 AT B4, AARESTT hE

oz P EYAZE FANE wetrIHE ol 47 VOT 4% A, Ailm
%4%(10,379%/&), WELESHG, 8300 AFEUT AR, F45 et
EHE Avny sudd wae] ouds F 41 s go] 14 aue 4Ee
AU SFo] Frh wF, B FHko) go] S()OE UEht HElstEo] Y ¥

ol
A Gr] WEE Agse] REe) AREE EAT YA,
o2 ARPEE HrT Aok,
PR Ero 2 7P| B9 REe) AShe Avind thed 2ok A, sehd
sl 42 A, FAAZL EAEE BE S()9 HEE Holw glon, o ¥
YA go] HL4E Fgo] ZAARTE AW UAAT EA, AU nELT
2%

I geuEraos Rl YA FYnE FdrEE o] 83 VOT 4H

A3}, MARFFHE.929U/A)), s EFTH2,688Y/A)S2 2Hg= ATk A, S
AE SEE AuEd FudeY 2y guis T S83k e ghol M
e A5 AYd &0 wuh B3, 713 Hu] HEE ARt Bye] A
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zt St =2 3 HWOIFH qiM= JiMutor o1y
<H IV-17> 7}E7[8t S2&H ¥ Al d)
&1 4~(Variable) 7| 4=(Coefficient) tS A | (t-ratio) HEpE
Dear(S 84t A4) 215846 33.1765 S8t
Time(Ttime) -0.0305128 -106.064 SERLEALH A, S HA-H
PrCost(Acost, Tcost) -0.0142173 -31.8506 SEXE, EHA|
Eadmin(AdminD) -0.936666 -21.8836 SEXt
Dtaxi(E4 Al A4 -2.08676 -31.8484 EHA|
Dbus(H A A44%) 0.892104 20.6634 HA
PuCost(Bcost, Scost, BScost) -0.0305275 -15.327 HA, BE, HA-FME
Etran(TRno) -0.208306 -27.7326 HA, SH, HANE
Dsub(™&E &) 2.34424 52.818 oH
Esta(DumSta) 0.263057 16.5233 k=)
HEXE 166,552
2
0> 0.4874
2
0 0.48739
<H IV-18> 7}g7[Et SsI&H ZEO| A dl(rd)
t2~(Variable) H =(Coefficient) | tSH X|(t-ratio) HEgLH
Dear(SE%F &) -0.144464 -1.73451 SEXt
Time(Ttime) -0.0228961 -54.8338 SEXLEALHAME HA-MH
Cost -0.0373396 -33.3943 SERLEALHA MHE HA-MH
Eadmin(AdminD) 0.116355 1.93901 SEXt
Dtaxi(E Al &) -2.85768 -25.6492 EHA|
Dbus(H & &) 1.07873 19.9244 HA
Etran(TRno) -0.186928 -18.1209 HA, ©H, HA-E
Dsub(™E &t%) 1.78042 31.3539 PSE=
Esta(DumSta) 0.23104 8.85754 eS|
HEXtE 51,356
oo 0.44367
0’ 0.44363




<E IV-19> J1-g7(8 JIEISE 2E9 Asdl(rd)

£ 4~(Variable) A =(Coefficient) | tSH A (t-ratio) HEH
Dear(S 84+ A44) 1.76249 15.4828 seit
Time(Ttime) -0.023624 -51.1325 SEXLEA HAMH HA-ME
PrCost(Acost, Tcost) -0.0136568 -23.631 SEX, Al
Eadmin(AdminD) -0.761515 -14.6543 SEXt
Dtaxi(E Al &) -1.11887 -10.5308 EHA|
Dbus(tH & &) 1.35917 14.1972 HA
PuCost(Bcost, Scost, BScost) -0.0243123 -8.74114 HA, BE, HA-ME
Etran(TRno) -0.192793 -16.5937 B2, ME, HA-SME
Dsub(™E 4t%) 2.01646 20.7672 PSE=
Esta(DumSta) 0.272007 10.9893 k=]
LZEXE S 61,701
oo 0.37812
P 0.37808
<# [V-20> H|Z7FF7|8t S ZEO| A+ H)
£ 2~(Variable) H =(Coefficient) | tSH X (t-ratio) HE4Lh
Dear(3 84 44) 408113 11.6358 S81t
Time(Ttime) -0.0242571 -31.8792 SEXLEA HAMHE HA-NME
PrCost(Acost, Tcost) -0.0163007 -18.1601 SEAL HA
Eadmin(AdminD) -0.720112 -7.9713 SEXt
Dtaxi(EA| &) 0.576959 1.68873 EHA|
Dbus(tH & &h<r) 2.67084 7.96997 HA
PuCost(Bcost, Scost, BScost) -0.0541463 -11.7571 HA, MEH, HA-FME
Etran(TRno) -0.11403 -6.10253 HA, M, HANE
Dsub(TE 4% 356826 10.617 PSE=
Esta(DumSta) 0.22667 6.49509 eS|
LU=EXE 4 38,634
08 0.53855
o? 0.53851
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(=HMAD) Efgtd HOE 2t £ & HAFH UHE JfMaior o7

(BRI - RlIAD)

= 718 7|9t 77| gt 7 7|gt Hl ZFg 7|4t
T = | sosw seisa J|EtE =
JHel mE LT 12,877 5675 10,379 8,929
HELEST 5,997 ' 5,830 2,688

A= 20189 S7tuEZA & DBTEARY, & D302 oD A sy

THHoE dyE A3 7IE n2014d A5l opERPEN B AT 9 =
d Sl o e 22 A FodL FEs oY, v 22 51
A B7EA] ARG Aol EARTE A, PAR FEAE Al Abgo s A B
ALY DACAM At ol &4, B8-S 7%k M et B3

o N

¢

ARE, B G SIS o Frkso} glom, B3] BuldsE Agstel AT tE
HE s B0 QI ol§8A A AW} HaBrtE 247k EAR, A
A, Aol me FAAte] FHg B P HEES BT 5 gk WA, FHA
9 stehnje o] B9 oiFINASE ALgdtel £ 3 B4 BT 4 gt

olo] £ AFAE 7E mao] 2t BAHEL FRITA Thed} L AT

offt
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e WsE 2 73 59l Fgwsl] o}
2 572 24504 B AA, Azle] B B e P9 @ A3
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T2 HAZ AASAT. Byl s
7= A9 =
shde] FHEEEC] o 2 IS

sttt Ralws T FHEEES oo #Eeb Zo| AskE 27.19%, "A
21.56%, A-&AF 20.84%, W2~ BE

[28 Iv-3] 2EduSS EZETH AH2tiE +HEHE

r

Ratio of Mode choice according to travel distance

Short Middle Long
distance distance distance

color
Ao
Bus

Subway

Frequency

walk

Distance(km)




142 NDESEH=BHMAD IS BIE 98 0 U HoISH W= sjMuol ol
<H V23> 2HuUSS ettt S el HEEHE
2 EE ACHEHE RSt B~ Rl5ta el A| 23
2kmn| gt EAE] 21.40% 17.70% 8.07% 21.86% 30.97%
2~5km =g 21.26% 26.05% 17.41% 25.09% 10.19%
5km O|&f g71e 20.40% 18.76% 40.20% 19.68% 0.97%
99l ot TYS ARH, A TR s|Zol vt A FORTE] Wb}
2 As & g Utk AN WRE T3

< A9t EGM FHEFE|
30.97%% 71 =t AT Mae) s EEC] 2605%E 7 woH, &
Aol e At FHETEC] 4020%2 /M B4 Uehgth W29l Aede
sz o® A vlustd, At S7HdrE dease] Hso] solxitks 4
< A 5 9on, ol AT HiAdA AAFY Hiel o] AAYLLE F
WF HlEo] o= AL BAF (&4, 2005).
3, B3PS A3 FHEEGES ARy o T o] A|FHE 3574%, ©
Al 21.05%, AFsAF 23.67%, M2 19.53%Z YEFST

<H V24> EHUES KN est +HEHE
T = XHE R} A x| 5t EH A|
THEYE 23.67% 19.53% 35.74% 21.05%
BPS Ak HEdYol tisa Al o] T3 A g gES 4
9 x9} At} dAGANAE T8AY FHEHEC] 32.67%=

HEH &) 13
7 =0 SAAAME 2l FEHEEEC] 32.74%E M =1, AT A= A
shde] FHEEEC] 4.01%E 7 =t ol A T HITAIRE] e
S&2F o] Asdte S Yrlet, A8 TR A5 R oE HEAol
F2 W2 o] AsHa, FAAge] A Ht %334?—37} F1 A0 FL2 A
Hd Fdo] Msdtta A 4 T

ol Ax FHAEY FHAAE Pl 3o T AER FHS sk



s
ANy FaEe

A

<H V25> BHIES NS A2l SCHRHE
S XA} B A x| 512 B4 A
2kmnA| 2k =2 32.67% 28.90% 7.85% 30.58%
2~6km =He| 24.19% 32.74% 13.06% 30.01%
6km O|&f HAHE 22.35% 15.65% 44.01% 18.00%

[2E V4] 2 uSS MAst H2thE +HEEHE

Ratic of Mode choice according to travel distance

Middle Long
distance distance

color
Auto
Bus
Subway
Tan

Frequency

Distance{km)
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w A7oME By e A9de "o AE FHAES 288t 2km 7]
o] @Ae, 2km~6km? wﬂal 6km ol’Fe] FAEE SPAYUE TR T
2Ys TS

=)

<H |V-26> ESHHZ|CfEH LSCHMEHDY =

2 Zo oHEEHE NSNS A x5l EHA| 3
2km0a |2t e HAHE| +HUEZE((CE 2ALE)

2~6km S7e| S7e| s O CiE 2HEH) H el
6km 0|4 Ag FHE| FEHIERF(CE 2R 2H)

510, ATESAAZAS AT ol 8 2 B ﬂa:lom 1A o
oF ASJBAL, BB A EA] g FehE
JECERE LT

FYALAZ AEA THY FOAY mEe A4L Beks) I8 ket 2

E
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=
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& 7 ARRE AuRgT AA, F4E setrEe] BEE viEgo R e
o AHAE AHIT cE Sl FYAE W Ae A FALrE FHY
AEET}F golA7] W] S(-)9] FEE Zhe Zo] AAH o Bddlr] miolt

=4, YN, FANE dEHE Edlz 4 e

Aikstol Al FHAZE ZER oL Ao Ql =27 B ed g =
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2o ubHQl AwEe #usty] Y8l p* ahe AWEn A4E 23S AS
o] 0¥ w|9] +-=3%F(Log-likelihood function) #t=S 71Fo2 ALKl p*(€) Fk°] 0.2
~0.4 Atole] FT VHAE FAH B0l ol F2 AYEE /e AHoE JrE
T JTHAA=T, 2006).

<E V27> HAYLZS ?let #HE Ed SYAKR(+EH)

ae 223} A StEAt (121
AR | HIYR AR |HIYR| AR | HYR | PR | HYR
THArIR (21 022 | 1.02 1.23 1326 | 1.00 - 0.05 0.95
A ZE7IR|(#) 22,775 | 9,748 ;277?;823%)) 5,011 | 16,374 - 22,775 | 5,033
MZEZERI(RCH-Al) | 5,011 | 9,943 | 22,498 |66,446| 16,374 - 1,139 | 4,781
B AMZEERI(R/CH) 14,954 88,944 16,374 5,920
o ﬁzczglgr;'(z o 15,253 90,723 16,701 6,038

1) MARIFS Z7IDSDBAE MBXE J7|E
2) 20154 7| JFR|= 2013W1 ZHR[0f B BE K| 4(AHIKFEIIK|S) 1020%S =28 72l

[}

O] @72@2km #IRh 3t e 2y 4 A
dATelA e FadY By FA Adbe o o AR nke} 2o, thge
Al 7HA Ale ERE Ageitta ddEnh A, o aeblE AE 23 59
ALY, SHHE BT ()8 FEE Holal glom, o] THARII Blo] F2F
g ago] Iridiths A2 Xtk B4, aertd F3A S et
HEE o] &3 VOT 4t& A3}, 5-83K11,142% /Al) B A(8,087/Al) > 1 26,050
A > ABHE(S,7969/A) o2 =EF YL, E”AH VOT7} 5828 VOTREH
A G2 A& AQstare 4 dAgh AA, FAHE AetrEE AEEd o
A (2km "I%H F 7PoﬂAH FOHEY 2FO trHSE VEo R Asake] Ag g
Fo| 71 =2 Zoz FuEn, zshde Aanr) /P e oz & o] 9
A AAREE B4 Aot e ‘?E%}oﬂfﬂ olsfd 4= Stk
Z 2km V|¥He] ©@AE FAME ZE AR Hlgo] ARATY JPEEH S o
TE&AE ol gdteE Aol /M w2 Ao® AdEY, sk A HIAol A
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2 FHEAE, ZAERT A5k FHe AEg d=X]4,71471)2] M7 A
o2 A7 WjF o2 sMHT) npA o R tAe] By tid H}Ee] A4 plakol
0.13114= ZA¥HAQl Ates WA FREHAoH, o For|3t HEES st
2yo] AHtxel s =Y & Jde k¥ a7HN

O

<E V28> E7{2(@km 0/ TS FEHY B A4+ ER)

&> (Variable) A =(Coefficient) HEE2X t&SA Xl (t-ratio)
Dbus -8.4269 0.40070 -21.0302
Dsub -9.3179 0.33626 -27.7105
Dtaxi -2.4834 0.07941 -31.2748

auto -0.0052 0.0015 -3.4813

Time bus -0.0062 0.0025 -2.4816

sub -0.0042 0.0010 -4.1644

taxi -0.0024 0.0002 -11.4819

auto -0.0028 0.0003 -8.1474

bus -0.0046 0.0009 -5.1842

Cost sub -0.0043 0.0030 -1.4715

taxi -0.0024 0.0004 -6.1487
HEXE 59,710
oo 0.152
o 0.131

<E IV-29> EAE|(2km 0|2H T2 AIZEEX|(VOT) && 2l Td)

= ArSAt E4Al X5k s
A2 11,1422/ A| 8,087&/A| 5,796/ Al 6,050/ Al

[] 72 (km~6km) T3+ o] 2
FAYNA e 28 34 ol selulE A A3 BYA S
& ATF ZF 509 %Lii AEEoL, A BYPAL AFE dHe B
o] =l ollA BitslA gt FAE FHE54 AFE AW EY 2km-6km
o] F72 FRrolA ] FetEERe) HrisE 7|FEo g W Hedtgo] s
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O] AT (6km o) 73+ Ferie 28

sAYANAE FEdE 2y 4 sl getrly e 23 YA F3]

& Al B2F ﬁ(—)A o2 AEElon, Astd A W FRE Aes

Jmtﬂ 6km ovu A FREeAMY A" 23 HuiFE 7EeR A3

Hol degEo] 71 &8 Zlog AdHY, Ao dswrt 7H

=5 911:} , 6km Ol*u g718] FReIM = 22 AR} vlgo] ARETaL 78t
=

\0

3) &2 H = A

B A= 2010 5 7T ZA AAAEE o] 88k, T A E
FTHEHEY 54E 1] sl @AZ(2km Y, T4 2Qkm~6km), A
(6km oJHE FEote] FHAEY BEYP S F=5taA} sH T

Ry 34 A3 s EANTES Ae 7Y A 2ol S T3

| AAY SYdA= At Aamrt =4 225 9] s A3E
< AT AR SAARMY oo A, B AdE, FHEL T
e AWENS 0 B dFolA AEY AAE IdE HEsrlele F
Aoz "t}
ATollA nFE de JARFH S AEst] 245 T35k
I e AE 2] wEolth A HAREE A =5
(Average individual)®] F3-S A FPALe] F3Polk
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[J8 IV-5] REIFA2Y E-AMY HY M4 ARI(HA SEHIE 2Y)

............. Y S
(20) Reduciion in fatalilies MEURSS [ 000 000 000 000 018 019
(21) Bus Savings MEUR1076 { 000 000 000 000 883 853
(22) Time savings for usersremainingonroads MEUR 1016 | 000 000 000 000 9599 614

e/

of FAg7HA el Trame] 543 tid 583 52 glon,

i
i o
ed
=
[>

=
0
ol
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4 L
o2

2) nj2|o| Streetcar = ZMIA =}

Prud’homme et al.(2009)6D)2 3}2]2] 8kmol ©|2& W A4 X2EZE 7}
(street can)® THAISHE Abdell thek w8 Q] &4 BI&EEAA A A - 39
W2 4 HE3 Efll £ o]$F9] £YHlE9] xfolE 1H3ATh 7 B =
g wAolA B ARE ARESheE W29 o] Frbg wah AR Al Ao
CHEHY W29 oliksteA(co,) WiEHe] AEE ERE UM HejeE 1

2 vt ek

TFo AL gr)|ege] ml$ A B4 F PR 712 WaRT o 134
ARl WM2E FHdtele ZEAEES T wt ol tigh AAlE 48 At
Rl W2 FHE AR aHRE o] AHAAE ZrolE 4 gtk JSEH 2 =919

61) Prud’homme et al, Paris: a desire named streetcar, 2009
62) Weiwen Leung, Benefit-cost analysis of accelerated replacement of Hong Kong’s pre-Euro IV buses, 2013
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T8 Woe FAALS vHsidet, Y FES AR
1499163 SFE2(HKS) & 7€ W2 +F A A
o} th2o] #ollA AAE AAH EURO 7 typedE AFHAE AT 4¢ 7
28] JENMA = TF WollA AREZ] off7] wiiel 1 JEAE &
E3] 53 ARt 5 TUS Ao JAIAY] wEell A Al

O~
285E W2 79 BlE2 A BAHA AR Ao fF8 5 T,

=

<# IV-30> &3¢9 gl&

d H2 =elof M2 HAZSFZHS FLHY A

Years Opportunity costof ~ Totalnumber  Total cost of
before replacing each bus of buses  replacing buses
retirement  early (millions of HKS) in this category
Euro | bus 3 $0.483 1255  $606 million
Euro Il bus 7 $1.13 2652 $2.987 billion
Euro Il bus 14 $2.25 1267 $2.854 billion
Grand total HK$6.446 billion

°j ﬂ%xﬂ*}?j o= %}%Hxl T F7HAQ wESHo A dF8S &4 HAd
W22 enlg A7he Helo® 18s

FEuete] Aol o =ASCdA E
of tigk WA A sk Aot Atk shAIRE, TS Hae

_ﬁ
rlr

o
o

2

2

o

ol

B

63) W2~ 103 289%F ZFLH(HKS)*E Q. H2(5174) 2 ALKk =x]o]t)

64) B2 Adsh AAE B4 I-A] Bobd 7]1E H2e) ATt JIXE TYS Ao JEE AL
A5 AR AdETh v AR AR Al B 9 BIE-S aElEithe A ad v
gk 7Ex7F ek
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—

T =21 2
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2 W EFEE AFskelr] g 71848 H2e 55 st o] 844

) =9} X E-o|A} 7Fo] A Z(trade-off)oll HIEHS Fa1 ) o E

7} FoA|H o] -gAo] Exto] A& AFO R A BV fld =& U AEE A=

Ao g 3o thet sl A 7R E AP s Zolth dubd o g olejg HS

+ A5 2AE B8l O EARY S FEskaL stHVHA|sHE oAl "tk 1
23 T3] ARSI g A AE o] ket el AwEE ot

532014602 A&A] AFHES oz 3t AR 71X =AW (Contingent
Valuation Method)oll &J3l &3l that 7Hx& 4AH sttt A+ A3 A =7}
50% 7HAE A5, ol8AEE B 2289 FIANIME U et AR YE
o, ole] FF 71x|= 2280l FFshE A0 E UERTE o]F ARTCE $Hbst
H ok 6218Y/AILCE AR ETTE ZAFE S0 AR E ulE o2 AL 2| E}
oA A== A EFHE-2 oF 7,247 Ao E FAHEHUCL

Hu g 9)(2012)00= 2 EF= wWE Ashd o] 84 Uk /1A TR
of ARIAE 24% I5d N‘:‘EW(%* ) 7 NEoE Qs = A Xl
sHdollA ERAR QIR Ae st tlFuEol8Ate ARI7EAI(5,390¢
ANE A-8s }O# Hole 4b43 A3t Az oF 21389 Yoz FAHHL

fFnssd W 349 7St dis] =29 A5 AHEH th5o ®oF 2t
39 AollA moAAReE & e 3] ARV oY 7HA] FEE 2dEYE

[

Zlolth, &9 WA (m) & JLTF(BHE FdH = S Bro wet Stk FH
($/EFE), A W FHAIZT BlElste] S7kshe FR(ARE BARNE, AIRD), &
A AR ($/F), 28l TS 7T AEs<(time multiplier)] &
gojth Y 717 25 F3uA 2Ed duisiH| 8o ® A8 F Qlo); ool A}

o

o7} EATTE AL TSIAHE, A7l A%, AZt55e} BEo] TERLE ek
A BN extra time(F7HAH O] HQEE Fojahs PR B W)
Ag, BAY AZEA ] AL, DFELE o849 AT A olok AR
= W] 7hssit) 712 BaSadSnaeld tiEaE Sauge] Quksulgo)
Ao EYHE AL AkEE BAY ATIA ) Aee 2 24 8 AL

‘lﬁl\] X]O]'zé] ;\b_;;]{:}—]j]% /‘]—24_1,]_ %xﬂ%_g_ 2014
LERAE Tejd AEARI) B WL AT, 2012



154 MWESCHMHIMAD EfEHN HIIE 26t £ 9l HFEX utH= JjjMutor o2
shygol Bag Aoz wuE,
<HE IV-32> =& Zix|stof| et =2 A4 2 Fe =Y it
AT RHA E) =2 o= S&E JHR| F=F
Whelan and MRS 25-100 $1~1.83
Crockett ANZt5 E& T 80-200% $1.5~2.37
(2000)58) MU AROl 2/ w: 0-6 $153~2.04
MUes ST g 42
Tirachini et al. = MU= SHL QORE SHE SA0 B ER | . N
(2013)59) $ |2RE EQEO} 60;2 ol goeol 2o <" | Linear relationship
EXTIL 90% oA AL
e 2o 89 0.17 minutes / min.
Douglas and 10204 M QU= 8% 0.34 minutes / min.
Karpouzis INFdS e 15204 M U= E=2 0.57 minutes / min.
(2006)70) 202014 M e 8% 0.81 minutes / min.
IS SxFst AEOIA 10204 MU= AR 1.04 minutes / min.
Polydoropoulou ShAF KIAO OlS A Ol o .
and Ben- Akiva $/ =3 tei(=} J—|'/L|0” L_xE T Mo ST 0.87 ~ 1.11 /tl’lp
(2001)71 S |- Mol g2 80| 50%Y AR 0.43 ~ 0.53 / trip
$/ ¢ ZHM0| s =E0| 45%Y 4% 15 $ / trip
Hensher et al. | "g') "o | majof o2 =tB0| 50%Y 29 55 Australian oents / rin.
o< =&st A=A 7|c2ls 49 0.7 ~ 1.5 min / min.
¢ =&tet =M H= 82 05 ~ 0.8 min / min.
Doudlas and | Ajgrs4 |- HTAO Z88 EHE0IM SIS 2|8 1065 / hour
(2035 72) $/QLA| ZE HEAO 2&st H2RE 2= 49 $ 7.63 / hour
HIAFAlOf EX5H Z2Z0|M JICiEls A< $ 8.82 / hour
HIE A0 &5t EAHBOM 2= B2 |$ 6.37 / hour

68) Whelan et al, An Investigation of the Willingness to Pay to Reduce Rail Overcrowding, 2009

69) Tirachini et al, Crowding in public transport systems: Effects on users, operation and implications for the

estimation of demand, 2013

70) Douglas et al, Estimating the Passenger Cost of Train Crowding, 2006
71) Polydoropoulou, Combined Revealed and Stated Preference Nested Logit Access and Mode Choice Model for

Multiple Mass Transit Technologies, 2001

72) Douglas et al, Estimating the cost to passengers of station crowding, 2005



MV =HMI(ER) o

rh
M
>
(=
e
o
(8]

U, = B,time; + Bycost; + Bsengtn,; + ¢
o171A,

U, - tijkie] &8

By« TR Y 2 &
B, : gl 3t 587
By + TR e 284
time,, cost;engtn; : ki o SIANZ, TP 8w, EFE

B2 g FEUS

Aol eje] EEF ol 9ol Exte] FFel ME TS weksl] S8 7]

o] He EerEe ARk, 1 o9l 2ol teiA = HuisE A8eke W

U,[d = Bitime; + Bycost; + ﬂ’;dmf +¢&

1714,

Ul driss ad dickio] a8

B ERFTERS] Tvdel] gk Z8A1F
dm} : EFFELY Hvas

TRrES OrETE A A9 Exte] 83 mAe S Ak H|
& a39e] 1HdE HAsE el Exte] adNks FEske ol f-835hA 282
T Atk F A8 s #5HA e 9 £ 23 239 7|46t
o] H& extreme value EXZ 7PFstH =31 YFE|o| FEFE PDF(Probability
Density Function)”} 7553, 7% PDFY v AERAY] AEE HlE S
2 H9FYHE T8l (maximum likelyhood function) 4H43HA Ht}.

mqru
2
3
r{u:
!



ATSSEH= XA Ef
thel 7HAgkE 9

1) ZARA
o2

p .

6

15

o

il

nmo
4r
J)

—_—
fite)

o tt.

W

AA7} o]

ua
__o_

Kd

oK

ZEAHEA

3

S
[y

52 9|

ol It

=
[

(22 1v-6]

ZAVA| 2473%

o] Wtghs yet

&
o

| BojAl

b o o o -

2AMIA| 743
AzAL

el

)

WMeg 45F0E PRI

)A
r

X0

Ar

L,

I ol Folitt,

3]

DA A <

o, o]

1
L

o SEAIA A8}

AYSEAR=i=N AN |

=

=

=
= o

el o=

H

o}

SHAE o= &

=

[€)

L

A5k

=
T

6471¢] A& Aol 7h

Mee 47)e) ol

4x4x4



AA W (factorial design)= ©]-83te] Qg AEThs =3
AARS ST ol del ReE A9 23e 1Y
Ql AAl: full factorial design)®} 1 FolA FEAR
fractional factorial design)< =
Aol Qo] woAg-o] JFETS 11 ARl
I F-EufA sl AANR S ol &3ty FEuix 8] AAAME 24 SA4HT 1t
Fa3 o

AollA Edsts AAMNR oIt

ol Hﬁ:
o
e
)
e
k)
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e T e
S
=
D)
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[JO
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B ATl 24 SN F EANS S AIAE AgSEE BB
WA el AANE H st SA%H o R H2E APAYREHNH)E vigoR
Az _zs;»}% T3] 918 YA oz ERIAE AF o] §5E Kocur of

<3 |V-33> Kocur, et al(1982)2 A H(FE)
T= Che|
Department plan code no. 28
Total No. of variables 6
No. of variables at 2 level 0
No. of variables at 3 level 0
No. of variables at 4 level 6
No. of variables at 5 level 0
No. of test required 25
Are all main effects are independent of 2-factor  interactions? No
No. of Independent 2 factor interactions under  assumed model 0
Master plan no. 7
Using columns no. 7,8,9,10,11,12
Columns from which 2-Factor Interactions can be  Estimated none

Xt=: Kocur G. et al, Guide to Forecasting Travel Demand with Direct Utility Measurement, 1982

B dFoxe T3 Hags
Wz, 2709] digt 5 shE AEs)
7Ne] tijkell 3MFE FhH 6719]
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al.(1982)2] A@AglA AABH=
A9 Ag Wy o33 2t 7, 8,
Z=o} wiA=EH, 10, 11, 129 252
At T3 0L Y W) 15F,

A ZEEE)e] 23S uEo s AEAE FASE thee

[32 1V-7] Kocur, et al(1982)2| AEAEH S Master Plan No.7

MASTER
PLAN 7= 25 trials
LL1L 111111 122222
123456 TB90O1L2 245678 901234
OO0 00 o000 0 000000 Q00000
OLLZ230 oLLZ220 011110
022413 022013 o22012 ol1011
033142 033102 Q22102 011101
044321 00321 00221 QOO1L1Y
101111 101111 1L01111 101111
112340 112300 1L12200 111100
123024 123020 122020 111010
1L34203 130203 120202 110101
140432 100032 i1Lo00022 100011
202222 202222 202222 101111
213401 213001 212001 11100L
224130 220130 220120 110110
230314 230310 220210 110110
241043 Z0L003 Z201L002 101001
303333 303333 202222 1201111
314012 3I1LO0O0L2 210012 110011
320241 320201 2202001 110101
331420 331020 221020 111010
I42104 302100 202100 101100
404444 Qoo000 QOO0 000000
41L01L23 oLOLZ23 oOlLO1L22 010111
421302 o21302 021202 011101
432031 32031 Q022021 011011
443210 03210 Q02210 001110

XtE: Kocur G. et al, Guide to Forecasting Travel Demand with Direct Utility Measurement, 1982
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