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Abstract

In this study, policy evaluation scheme was established to encourage the efficient implementation
of EcoMobility which has been expanding gradually all around the world. A total of eight
evaluation goals and 22 evaluation items are reviewed and suggested based on the three major
evaluation categories of “Basic elements for EcoMobility”, “Land use and transport system for
EcoMobility”, and “Implications and impact of EcoMobility”. The results of this study are as
follows: the result of AHP analysis which reflects only the hierarchical structure shows a high
priority in “Elements for EcoMobility promotion”, “Eco-fiendly transport infrastructure”, and
“Safety in transport”. While in result of ANP which considered the elements’ dependencies,
“Eco-fiendly transport Services”, “Welfare in transport”, and “Environment by transport” have
high weights and importances. In conclusion, this study would be useful to make reasonable
judgment based on the analysis results of the two techniques in order to ensure reliability in
evaluation of EcoMobility policy. Furthermore we have confirmed appropriate evaluation
technique between AHP and ANP which is better to reflect the features of EcoMobility.

Keywords: AHP, ANP, ecomobility, multicriteria deciosion making techniques, policy evaluation
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Article
W HESI] Aejuso E4 Boh & v 4 Qe At HrE e gkl
F20f AlS3t AR, YIEQ T JAHEEH, Aejus, 7| S AEAH, 87t
ME
SEuEh= 2007 “AE7FEEA 71O RS Ao R AH I E0] do] Ao R EYro F5E -
e wEatte] gt S8 /do] xR = oA gt A w5 (EcoMobility)& 20079 29 AHAFA DA = A 273
A9 3](International Council for Local Environmental Initiatives, ICLED)S] AFFEEAFO|ZF A 5
(Global Alliance for EcoMobility) 2] <1 Konrad Otto~Zimmerman©] 33t /g o2 Bl - 2PHA - 4=
o &2 758 olsat, diFu e, 3 758, 181l o] Aol 9] AAIE Zetsto] 4ho] A 3,
o4 A 29| F7F AR A&S ST E A&7 A, ARl S S AAR A E A
AE ETHICLEL 2013). Kim(2014)= el 55 71E9] 540, 214753 wgt 7] e fsto] gi]star o
Y2 48] A7 95k Mg A A48T ofu et ARel g Qlolet A A A Qfihr] e & ghe WEp TS 2ot
Ao 2H wFoFAt B AR A oFAE A-GSh= EA4Jo] Qlttal HAISkAL §loH, watA 27], A=A B, HEH
g9 71 ], s o8 2 of2jet Nl EES Adchs B 28l SRS T I A wEAA
= golotal Qlrk. T AEjus-2 55 Aol FHe Fe =M nsy 27 - A - AR EEe 3R
SR A&7 - oA @SR WEAA 52 S AEME EHS B R st Qo E s
£ ARR1A 284 SHAA AU ofotal o] 89 4= QL Hl A o] S e 2 SfARI T HoflA 1 Aol E B
o)1l S}, wheba] AH - F-2 7] #3917 thH]skr] 917t 71 S35 A Q1 W EAA R A&7 iE, =M wEt
ofF= 2pd e 7'g-2 ofH A|Rt, WA A Y] Mg 4 ALe] A 84S FER F o AHE NE o m & 4 lrh
Are] A E-g/do] Wist= wEe] E2)4do] a2tz Mol =714 2p o] A Ezey| Kok AAAE T4
o7 A= FAE oA G Rl & WA o= & 4 Qi
AA = FLA= 2013 BE|0LE -5 FX8HHE QLo o]of b ot A ws A S-S FX6kL Lot
olof et Fr} A & AL A E 91t A F I FActe] Ko XA ]1 A ido] of 29 2|52 Q1 AH
T TR 91t A Al g o] YEoHA| b2 AElE L & 4= QU wheba] 2 Aol AH nE o] 9
A5 AAshH k2ol E 4 e s =U - 9 AR EA S Boll B7HARE TEok, M7 dES 5ol 3
AR FREE FASHY A ATTAE HEotH, e B E] A-8HekE AlAstalA gtk ol &
ol B AFoMe t7|F JAEAH S 197139 saaty ool A H ASSE SJAFE2AHH(AHP, Analytic
Hierarchy Process) ¥ E I 37H4 JAFAA R (ANP, Analytic Network Process)-& Z-83511 1 Z7HE v W&
Asto] e 5] E4S TIT 5 ole AN YrPHEE gelstar At skt
=LY - 2| Af2f|H+t
A7) 274 MRl wErTe] AAE Foll AlNIE9] 4Fel A R AFR Y &S FXAIH o] ASE &
Q7] oI35 Aok AH T A S FIF = Sl AR T A7 A9 J8PE]R] ob2 AdRelh o
2hA] 2 Aol A WA o]et FARRE O E 7HA= A&7 wE A Bet B E AT FHOE AR ATE X
a5t
OECDelA = A&7Fs HA-E 913t A 55 S ARl 4 A4 S o= JLEstal Qint 8 #o
Akiet 2474 9 o & St 22 7| L dof welE Frix]#e} 9,

Qe WHH A7 27125 ZFoka itk AR A Fotelli= GDP, 57t
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U of -2 ARl A EAS Ul A3 37 E 2050 5 A4 2 wF Qlueto] 1k 5 255 HoA 7
AR & Uehd 4 Qs 7B E 23R o] Qlth UNZ|E7RE 9]¢ 8] (UNCSD) = 2007 ol 247 Hs 77
B ES AR, &, AA|, Al 2 F-Eato] &0t AR A BoA = AR E 2 AFS7HES A B A=
247 A0} @ FHlET 2| AH A HAE HrHA | E = Z9tola Qv AAR] Fe F 97N A A BE AR
3tE]o] Ql=d] ofof] WE4TE 1909 THA T, A5 582 HF, 3k 59 L2 H|F, 5oy o]&
Lo} 22 waFE T 2| BEo] Ao Atk AL =+ GDP HiH| WERE A& R&D FAHE-S
EJsto], wERFO] o x| Anlke] titt P17t A&7 WA FEEA] BRgE 949 HojFal Qi

Jeon et al.(2010)= 1= S SHEAE o= eHd=d HiE® 9 A& ER FEE 59 2574 w7l
S 5ol wsAA T EZ|0-89] A&7 & B7Hd 4 e AHEA AQETFEA 9 EFAE T Al
£ 7NEotleh. Al-Atawi et al.(2016)= ARgtiofetH]ote] BfEAo|A 3 2t Hlo|HE ARgste] AHP
(Analytical Hierarchy Process)& 53l A|&7155 5 A AX . 71 S8 A2k Q4R = FA =

Al 2 91t A& 7He R e T O R O] S 4 B4 X9 PRt S E R H TR Ut B
gk o] dAoME HH EHETART EAY] SHARA HES o AB]Eojof gty AFE Q1
Ahangari et al.(2016)+= =7} W52 24 7HsA A/ E(INTSDE 275kl o] & AHg-sto] ul=t3t 2770 =719
A&7Vs/d= B2} Bl ettt R0 oy x| AH|E, WEARE, E4F] o5 ARl A Bl 59| F 10719
B7HAEE Aeste] Bl R4S AgstRinh 2005 ol 29947 NTSIOA 7 94p_t =7FAAIRE 201189
+ @=ol M 7 A&7 7= Ao = e
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LEA| 758 A Aok AARA R Aol A B 5 BEALAL A A%
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2) 21Z WHIE =5

HPLTE Fol 142 H9H ARE PO WIS 2L YARE, AE(FD) FH A4 dhef 227}
ARe s, 7he| e 8 BohA O] AgH ol mEel] Slal A4, ATk, olsh el 402 Lol W7t
£ NS B E E ARGUE] FRE W AP o} Bek Ak, A Elolof she A Ee} FA1H0E 1
#l5]ojo} 51 2| 3o et 7o) QIgich, AR} AL FUE WHgate] Table 13 2ol 1 A7 Aef i B2}
ARE F 0BG, ) BASE, 2] BIHES AFH 0= PEe ot

e Fe] EXol§I LEAAS) WALFY A U IF FHe| A9, 75T WIHEEL 5 T
A%H0R QAP 52 347|402 AN LE FH) dd WPl HSES 471 SAAR @ 471 LEDB
el FAISIL Gl dlole], 1ol m BAR AR} DENATH FANGEE BEW AEE AFHOR 43
shick. het, QBT FERLT o A9 HHHN HAL /L 045 TPk gk, B AERE
A7 AW Aere] Boly, el 1 A9 el hge] AT 4714 B4 A5 70 27 5

o)

= B71el7] S1t "B A" o AE| wF2S ol Aol
waka] Zpolgt F2 29l SHofA 181 TE°] &7 dstk

Table 1. Fixed evaluation index for EcoMobility

Evaluation . N Correlations to
. Evaluation goals Evaluation items .
categories EcoMobility
5 Basic elements 4, Elements for EcoMobility 4,  Recourse to implementation +
for promotion - .
EcoMobility 6,  Staff and available resources +
6, Implementation budget +
5, Related policy 5,  Basic plan for EcoMobility promotion +
enforcement
¢ Land use and ¢  Eco-fiendly land use ¢,  Area of parks (km?)/population +
Transport ¢, Low-speed and non—car areas (km?) +
system for
EcoMobility ¢ Bike road total length (km)/population +
¢, Sidewalk total length (km)/population +
G Parking area (km?/population +
¢, Eco—fiendly transport ¢ Number of bus stops/population +
Bl G e ¢ Number of bus stops/population +
¢, Eco-fiendly transport ¢  Public transport share (%) +
Services ¢  Number of natural gas bus +
Go  Eco—friendly car diffusion(%) %
¢, Low floor bus diffusion(%) +
n  Implications n, Safety in transport n,  Traffic accidents per thousand cars -
and Impact of . . s _
EcoMobility n,  Pedestrian accidents per million people
n, Environment by n,  Road sector emission by vehicle type (CO») -
fransport n,  Air pollution -
n, Welfare in transport n,  Walking practice rate +
ns  Public transport satisfaction +
n,  Transfer facility satisfaction +

5132, A 352 A 35, 20174 62 187
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l 1<l AHP(Analytic Hierarchy Process, ©5F AHP)+= Saaty®ll <Jsff At & JAHAA
Hdg A 1332 PEE o] 83 72 AR o 2 FA1A B2} gL 7)<, e tijto = e A= A
TZE 7RI B 7150 A RS Brekal, S sgete] 249 Eﬂo}g TEOE S A HHE
= O RAAA = o2 A 152, B2 7)E, HIQHe Al 848 AlF TR AR 2. 0719 HIte A7)
oA, A A A ——— n(n—1) 7Ne] ABTH| WS 434ttt 3. 2t efflof| A Bt ATt S E o] ALTEH, o] & AA|

7k 940 =7 AR WU R 7F5 A E A St Hloll AHP7L = 0|85
gk 2] & 7ke ’5};%%"4—0‘ AA|= sk Qlh= AHollA 1 eHAHE 7H . o] 2§k oA 1996 Saaty<l]
ic Network Process, ©]5} ANP) X2 AHPE 45t o]20 2 oji ZHekA o] oAt A A
2= dlofl §lof X]E 7re] RIFPd& dreste] Kt g AE AAE 5 Sl d3lS 7RIt Cheng 9],
2007). ANP&= W& S5TA |9 wjeml f20] ZA|E s 2oks WA 024 AMEAPA HAS o o= 422t
8o B PAlo aatH o g g 4 Qlok mEbA @ 4310 Bl IAIE R R B JAEAS T E
o, FANE ¢4 2 48§97} o5ttt
AHPo A= 7} 7|5E0] thE 8474 9] B w7t -3 =] 2] QkA]E, ANP+= B7} 7|3 tiehs 5614
% AA| Brra A 710 ST E | FIIS, ANPOA = 715 tha & (Weighted Super Matrix)©] A2 A
TEEE=H, o] AFES IR HAEA R T2t T
1. YEZ 29 A 3 371 7150 87t 40 8% AHPE &l 4H=
LﬂE A3 Fxo 2P4

4
29 50 AEATE VY 5ol 59 = 2 BL| 169 W gL AE

[e%

30 o OIN'

t

ol

s ZHA]

2 lims' = 5= [s.s..s] o WE 5] 2} o] 2 WoATALS] FFH7o] G nlATh WrhaALbY] P2

t—0c0

7} 2517 AR, 2 $7) 710k AR A9 T} 2o
Sr=u1x Q)

oAZ1o & = [ay, -2, |7 O] ZF AR 2, 9] A 7 S8 0 2 Frheh whebA Equation(1)E ANPE] 7] 174 4]
olgty Raw 234 G= & FHo|7] ufloll Hh 17 g2 1o]th Equation(1)9] o, z+= 59| 5 11 HE]0]
B2 ANP £419] o]z &/} 7]oF FHolehe /M- AR P SO F 14 WHE Fol= Aotk (Matsui et
al., 2006).

-8 Y] oA AN BIIR RO FSAE Adshe M ES
1% o ;qg T ATBTRAE 125t AF= | w A Ho 7 02 Holth B AFoAL ohA H|EA o g 125 3
= 4 g o] ExJo|- g1} WEAA” — “PeuF ] Arte}
ZFA 21 Qlekal wegich o wobrt e uE-o] EX]o]- 83} WEA| A" ol e = 3

7HA] o] W7HE Q] EX|o] gt QIS T2 il WA H|A THol e AR Qlatdo] A= HAIE 7HA]
§7HE 3 Tt Aol B EAE 188 5 QAL E B ERE
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Table 2. Results of AHP analysis

Evaluati.on Weights Evaluation ~ Weights Evaluation items Weights
categories goals (Rank) (Rank)
5 0.333 s, 0.283 (1) &  Recourse to implementation 0.116 (3)
5,  Staff and available resources 0.043 (8)

5, Implementation budget 0.124 (1)

5, 0.050 (8 5,  Basic plan for EcoMobility promotion 0.050 (5)
¢ 0.333 ¢, 0.093 (4) ¢,  Area of parks (km?/population 0.033 (14)
¢, Low-speed and non-car areas (km? 0.060 (4)
@ 0.157 (2) ¢ Bike road total length (km)/population 0.038 (12)

Sidewalk total length (km)/population 0.047 (7)
¢ Parking area (km?®/population 0.015 (20)
¢  Number of bus stops/population 0.030 (15)
¢ Number of bus stops/population 0.027 (16)
¢ 0.083 (7) ¢  Public transport share (%) 0.040 (11)
¢  Number of natural gas bus 0.011 (22)
G,  Eco—friendly car diffusion (%) 0.021 (18)
¢, Low floor bus diffusion (%) 0.012 (21)
n 0.333 , 0.157 2 n,  Traffic accidents per thousand cars 0.036 (13)
n,  Pedestrian accidents per million people 0.121

n 0.088 (5) n,  Road sector emission by vehicle type (CO,) 0.048 (6)
n,  Air pollution 0.041 (10)
n, 0.088 (5) n, ~ Walking practice rate 0.019 (19)

n;,  Public transport satisfaction 0.042 9)
n,  Transfer facility satisfaction 0.026 (17)
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Table 3. Correlation response frequencies by expert investigation

Top evaluation index Middle evaluation index (Evaluation goals)
Tingless (Evaluation categories) 5 ¢ 7
d C n 6(1 6b Ca Ch Cr‘ "o hy e

4, 53 27 0 56 25 50 39 22 27 20
9, 39 39 0 31 49 43 24 24 30
¢ 39 21 31 0 37 22 22 46 23
6 30 48 28 30 23 0 44 29 35 38
¢ 19 56 24 22 11 31 0 24 47 44
, 34 28 31 18 38 26 0 11 22
1 32 24 26 37 26 40 14 0 19
. 35 28 34 21 38 48 16 17 0

Table 49} 2] 3749] B 4GB 29, $UG FATE 7HIcks AHP BAA12] 712 710 ANP 244 9] &
A7 AR B AR S ] 10k, AT EXlo§3} el 7S, el n Qo] Aviet e
o 0.2 949V BRI ol AT TRV ARAOR A Fat a2 shsle] A 4 ek

4

Table 4. Results of ANP analysis

Evaluation . Evaluation Weights . Weights

categories s goals (Rank) elveiiion frare (Rank)
) 0.522 s, 0.056 (6) 4  Recourse to implementation 0.0230 (18)
8,  Staff and available resources 0.0085 (20)
5, Implementation budget 0.0245 (16)
5, 0.024 (7) 5, Basic plan for EcoMobility promotion 0.0240 (17)

¢ 0.488 ¢, 0.134 (5) ¢  Area of parks (km?/population 0.0475 (7)
¢,  Low-speed and non—car areas (km? 0.0865 (5)
G 0.144 (4 ¢ Bike road total length (km)/population 0.0349 (11)
Sidewalk total length(km)/population 0.0431 (10)
G Parking area(km?)/population 0.0138 (19)
G Number of bus stops/population 0.0275 (14)
¢ Number of bus stops/population 0.0248 (15)

¢ 0.222 () ¢ Public transport share (%) 0.1057 (2)
¢  Number of natural gas bus 0.0291 (13)

Go  Eco—friendly car diffusion (%) 0.0555 (7)
¢, Low floor bus diffusion (%) 0.0317 (12)
n 0.029 7, 0.002 (8) n,  Traffic accidents per thousand cars 0.0005 (22)
n,  Pedestrian accidents per million people 0.0015 (21)

n, 0.203 (3) n,  Road sector emission by vehicle type (CO? 0.1095 (1)

n,  Air pollution 0.0935 (4)

7, 0.215 (2) n,  Walking practice rate 0.0470 9)

ns  Public transport satisfaction 0.1038 (3)

n,  Transfer facility satisfaction 0.0643 (6)

ChstmEatal7), A 352 2 35, 20174 62 191



Article Evaluation Scheme for EcoMobility Policy Based on Multi-criteria Decision Making, AHP and ANP

T84S 8719 BrHER O 715X AV ATE AW E A AH 15 0] EX|o] 83t WEAA-AH| AT 7 =
/\L]j 1

2 SHLE T Ao BAEglon, 1 th ozt AT it 9F-8A4, $44, 1e1 A
50| Ex0|§3} WEAA-QZet 75 Exo]§o] £ $HEE 7L AOR EEHUT. 1 9] Al
F0] PAAL-F 240 N4, ARLE Zue} G0 202 $4E9} Holg 202 vepdet,

A0 2001 A1 WS 224 LR COMER, AERRIURTR, FRnBLIL
Jo 7

1, AA57 A9 L 7HgA, AT AT £02 T A5 o e
202 Vehet, ol ey el Wt AR B9 FAH AFYe] FAES Fol AT AL B}
She A2 tha AEekA) ek shaE 4 9

Table 5% ofwat B7ha 47} T2 @40 71548 Eatelo] dntarae] Aake nlAE=E Yehls 715 o

B (\X/elghted Super Matrix) 9] A& HolFa1 it BXAL A E AH]A0.258)< e s ol zatt=
(0.241)°f v]== F9] FFE v|A= Aoz yEhon, e us AH|AE B2]44(0.497)3 2H54(0.502)

04E wEs, o 2194 9 ARlS] 3 E UE 4 5 A 2ol e Ada

Fol el WA A0} Do) e Qe TS FUIA S ek AT 4 Qe B4, AQ7RAE A B A4
1=

=

Iz i s = A aE A 20 Fois AR o] 219} ti71@8 704 Sl 3824 932 vlA

W0 FHE T il

€ A0 AT ARz} B o] A% 5o AHuE dxet= Eok F2]/4(0.541) 3 274-3(0.459)1
BT 9= tIAE Ao UeHT wEbA SA @844 AHlaE R F32 5] SHAIZ = REEA]
T0f St QQEEEI A 2AFo] FAlo Al ojof fhar ek g 4= Qlrt
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Table 6. AHP and ANP results comparison

AHP ANP AHP ANP

Evaluation categories Evaluation goals

(weights) (weights) (weights, rank) (weights, rank)

5 Basic elements for  0.333 0.522 ¢, Elements for EcoMobility promotion 0.283 (1) 0.056 (6)
EcoMobility 5, Related policy enforcement 0.050 (8) 0.024 (7)

¢ Land use and 0.333 0.488 ¢, Eco—fiendly land use 0.093 (4) 0.134 (5)
E;??fgﬁ;ﬁf;n ¢, Eco—fiendly transport infrastructure 0.157 (2) 0.144 (4)

¢, Eco—fiendly transport Services 0.083 (7) 0.222 (1)

n Implications and 0.333 0.029 7, Safety in transport 0.157 (2) 0.002 (8)
Impact Of n, Environment by transport 0.088 (5) 0.203 (3)
EcoMobility

n, Welfare in transport 0.088 (5 0.215 (2)

Basic clements for
EcoNobility

=@—Weights of ANP
== Weights of AHP

Implications and Land use and
impact of transport system for
EcoMobility EcoMobility

Elements for
EcoMobility
promotion

0.3 -

Welfare in transport . Related policy

0.2 enforcement
Environment by . Eco-fiendly land == Weights of ANP
transport use == \Weights of AHP

Eco-fiendly
© transport
infrastructure

Safety in transport

Eco-fiendly

transport Services

Figure 1. Weights comparison between AHP and ANP techniques
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