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Evaluation and Application of Eco-mobility for Urban Cities

Wei Jen Chen
Dr. Ta-Yin Hu
Institute of Transportation & Communication Management Science

National Cheng Kung University

SUMMARY

The Intergovernmental Panel on Climate Change (IPCC) predicts that global temperatures
will rise by 1.4 °C to 5.8 °C between 1990 and 2100. The recent domestic air pollution is
serious, and related issues continue to fertilize. Committed to reducing air pollution, the
slogans of "low carbon city" and "livable city" have been launched, and related carbon
reduction schemes have been proposed. What is a low-carbon city and a livable city? How
to define a human-centered low-carbon community, and relevant research is less in-depth.
The study will be held in Kaohsiung City as the “2017 Eco-mobility Global Festival
Eco-mobility Demonstration Zone” as study object. In the demonstration zone, to control
the fuel vehicles for one month, and use green vehicles such as electric feeder buses,
electric tricycles, electric motorcycles, bikes, etc. as alternative vehicles, and road
configuration will be re-adjusted to plan pedestrian space. The results of environmental
improvement measures are used as the basis of study, and the Analytic Hierarchy Process
(AHP) is used to analyze the situational factors such as people, vehicles and environment
through expert questionnaires to establish indicators for Eco-mobility community and to
explore community input. Whether the various action plans reach the goal of the
Eco-mobility community is expected to serve as a reference for the assessment and
decision-making of the local government's commitment to sustainable development of the
community.
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INTRODUCTION

People have long relied on fuel vehicles, and they have always been a major carbon
producer. Creating a low-carbon and sustainable transportation environment is the goal of
all cities. The transportation authorities are constantly striving to improve urban
transportation and reduce carbon emissions, and the car-oriented transportation
environment will be changed towards a human-oriented and mass transit-oriented direction.
The community is the initial point of travel, so the transportation environment in the
community has affect people how to choose transportation tools. For example, the
community provides a friendly pedestrian environment, and it is convenient to rent shared
vehicles. When the city bus and the mass transit road network were connected in series,
people did not need to use private transport. This study will collect the free mass transit
system (MRT, light rail, bus) for the three-month period from December 2017 to February
2018 in Kaohsiung City, and Eco-mobility world festival held in Hamasen in October 2017.
To understand the willingness of the people to choose the means of transport, the usage
rate of the mass transit system, and the air quality measured before and after the festival,
the number of people using the mass transit, and other data, using the Analytic Hierarchy
Process (AHP), through the expert questionnaire to understand the weights of situational
factors such as people, vehicles and the environment, solve multi-objective Optimization ,
and explore the benefits of community-invested action plans for eco-mobility community.
The main results of the study were as follow :

1. The relationship between various friendly environmental improvement plans and
achieving results, and establishing an important indicator for becoming an
Eco-mobility community.

2. With the results of this study, it is possible to construct a model for optimizing the
Eco-mobility community, which can provide reference information for the government
to develop policies for eco-traffic and low-carbon transportation environment
communities.



MATERIALS AND METHODS
A framework for study process is proposed as follow (Fig.1) :
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Figure 1. Study process

This study divides the Eco-mobility community into Energy saving and carbon
reduction, community environment and human-oriented transportation. The three aspects
are constructed by different detailed indicators. Energy saving and carbon reduction
includes mass transit usage, Vehicle-sharing diversity, and The proportion of electric
vehicles in the total number. community environment includes outside parking lot usage
rate, per capita use of community public space, ratio of sidewalk to total road length, the
human-oriented transportation includes non-motorized vehicle trips, community main road
speed limit, the number of community accidents. The structure is as follow (Fig.2):
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Figure 2. Eco-mobility community hierarchical architecture
In order to measure the weight among the indicators and calculate the integrated
environmental indicators of the integrated ecological transportation community, this study
uses the AHP expert questionnaire as a measure to find the weight distribution among the
three levels of the first level and the second level. Constructing an ecological transportation
community assessment model through multi-objective optimization assessment.

RESULTS AND DISCUSSION

This study puts the results of the expert survey into AHP Analytic Hiera Rchy
Process (K. D. Goepel Version 09.05.2013) obtains the weight relationship between
each target and the evaluation index. The weight is as follow (Tablel):



Table 1. Weight of each targets and indicators

Subject weight Evaluation index weight
mass transit usage 47.7%
Energy saving
and carbon o5 5o, | Vehicle-sharing diversity 26.0%
i The proportion of electric
reduction prop 26.3%

vehicles in total number

Outside parking lot usage rate | 17.7%

Community per capita use of community
. . 36.7%
environment 29.1% |public space
(Hardware) ratio of sidewalk to total road
45.6%
length

Non-motorized vehicle trips 39.6%

Human-Oriented community main road speed 24,89
Transportation | 45.4% |jimit o
(Management) the number of community

35.6%

accidents

All sectors consider that "human-oriented transportation (management)" (45.4%) is
the most important subject of the Eco-mobility community model, and focuses on
suppressing the use of mobile vehicles, with non-motorized vehicles such as walking and
bicycles as the main mobiles. The way to provide residents with a comfortable and friendly
living environment through the transformation of the "Community Environment
(Hardware)" (29.1%), and finally to encourage public transport measures to achieve the
goal of "energy saving and carbon reduction” (25.5%).

CONCLUSION

In this study, " human-oriented transportation ", "community environment” and
"energy saving and carbon reduction" are the targets of the Eco-mobility community.
Expert surveys are conducted in three areas, including industry, government agencies and
academic research circles. Human-oriented transportation is the most important core value
of the Eco-mobility community. Secondly, the industry and the academic research circles
think that the spirit of the Eco-mobility community is that the "community environment™ is
greater than the "energy saving and carbon reduction™. The Government considers that
"energy saving and carbon reduction” is more important than the "community

VI



environment”. As a result, " human-oriented transportation (management)" (45.4%) is the
most important target for the Eco-mobility community, followed by "community
environment (hard surface)" (29.1%) and "energy saving and carbon reduction™ (25.5%).

It can be seen from this study that the Eco-mobility community is to create a
community environment of non-motorized vehicles such as friendly walks or bicycles by
means of traffic management through the practice of "people-oriented traffic", and then
provide residents with comfort and sharing through community environment
re-engineering. A livable environment, and finally to encourage the use of mass
transportation, the use of sharing vehicles, reduce carbon footprint, improve energy
efficiency, achieve energy and carbon reduction goals; and local government sustainable
development council (ICLEI-Local Governments for Consistent definition of
Sustainability.
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Braigg 2z B F > PAEE

P& E o BI04 4 2-3~2-5

% 2-32017 & 12 * & 2016 # 12 * F 22+

= Z *\—E/7 f'j 4/},%(.‘7_

3 > 5 X g\-}b

£ £ (2018)% 1 7 iy

TR E 2 SN
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ﬂ?ﬁ

FAPFTLH RERPRED LEF ST
BB A RGR S A R B R F AT T
PRI R wgﬁﬁﬁgu;ﬂjgc;%%{;,gy%@%@é%ﬁ

PR FEFEIINLT R FERART P P TIIER

B E A (2017)E 10 G g

BRSO LEEEF ORI &

Ef SRE R R

. 2017/12/1-2017/12/31 3 & 3 B EVLR
£ R (E LX) ERE A x) | &FE %)
#E 6,088,957 5,656,447 +7.65%
NP EIE 514,453 362,491 +41.92%
FEND 4,774,260 4,500,183 +6.09%
#2-42018 & 17 #2017 & 1 7 F 2+ BB fy § suiF £ 4
- 2018/1/1-2018/1/31 (BAsSaw | EEEER
EE(F LX) ERE A x) | &FE %)
#iE 5,429,297 5,755,583 -5.67%
NP EIE 394,866 338,417 +16.68%
LA 4,588,723 4,284,277 +7.11%
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% 2-52018 &£ 2 * &2 2017 & 2 " 32+ Ni@ %J,J SLEE R

) 2018/2/1-2018/2/28( B % % & it 1) 2 &R B3 E R
= (LX) ERE A x) | &FE %)
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(F°# k& : Urban Traffic Quarterly Vol.18, No.3, Sep.2003, pp.41-52)

Bl p AT RETHE(UCN) ~ %4 RS L R (UNEP)Z v B j A 4 ¢

(WWF)(1991) % = 4152 T B w3« 3 (Caring for the Earth) | # » -+ 3 %

FRINRBER AR GEH L > wB e TAREERE L T4

& SR Y 2 (carrying capacity) sl T o s A Hpend E R

At 1T E 4 B 2 % (OCED)(1990)4p 1317 fid & A end B R R ¢ 4

-~ i p AR £ R P (the principle of functional and self regulatory
growth) o

~

B U B3 ¥ & P (the principle of minimum waste) -

Roseland(1990):% & -~ _.%ar;;rs—ri i

E %%d SRR E GTA RS 2 RU IR k2§
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FApth 8 SRR 2 2 (54 23 5T bR ) -

%26 19 BAEH - B2

BREARO: BREAREL: BREARE2: BREAEZ:

FREH Ab T B RAx 2 i i

1. 2= 1 pesmTenk |1 Reei &% g |1 FLEH

2. fgfs'r'% Ar EN Iz F 2. & {7 pERY

3. Arv LS 2 ébﬁ;h,}»;f}; 2. Aok 2 K |3 R AAHN Y

4. HAF R |3 FlAE 3. kehg ¥ Ao

5. jrelioAcr |4 = 4 sok@p2 ok |4 T2 T3
#e 5. FRHFRE

6. R4 v L 6. o R F

7. #THE & e

8. = &‘FK'F& 4 A

9. f_._f:{\_fg\_ﬁ}g ) i
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B p L iy PEE e 4 fii 2y

Lok es2 1L A8z r %k |1 sHerz |1 2rEFfk
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4, ZHp TR AR A3k 3. =AMk 2 |4 SEERE
RN .1 5. A% 4 ¥R o 5. 5 WP R
5. WEIHRT |6 RHsE L (4 AARTAE
4 5. 5 R * fE2
7. 2L PRF3TE P Y
8. p it

R R 1S5 B BT AR 67 Bl S B TR A R

7o % R © UNCHS Indicators Programme (1995)

3AEE (2008) 53R AN ARG IF AR A A
4B o ek 5l B Raiv L= A% > 312 1094 & 3] 2004 E (T L3R
PR ESEHREC B g R TFR2 B @4 1l EREEBG w1

AR A AR Y A Fe R R TR EReF, s T

%, 1

RO ALE, L TPOpG LS, Tt

£
x
o

e S— Lz
mESX )~ T A

VAR

thdic, o~ TuH? dnde, o~ THie Rk RiTL 4,

EIRS
|
T
=1
(w
9"‘73\;
il
A4

-
qﬁ

Hgahshenas&Vaziri (2012) #-357 & ﬁi%l SRS 2 kTR ks ;g d 2
Frw A SR 2 AEERG R RS SRS RRAEZ 1 G0 0 18
LA RS R SRR 2 £ PR SR - ROt LA i

IR P R st ip R 243 B -
iF Ff %(2017) Rl B 2B yed BRREFL ZAAFHEEEILFL LY
FEFE
25 K mA 45k
R B/ 45i% (Analytic Hierarchy Process, AHP) % % R ™ &~ 8 )
(T.L.Saaty)* 19714 3% ) Sufd ko AHESS > B 2 2 245 & 3 S 4Pt A i 8 s

o BRSNS EAM L TSNS 2 FAARELZ ELEKE -

RS EE S BT RN S 3 PR S L L
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ZRE HEEFTIAPEE RN AHZEL Y K L EE 2 ELR
T e £ 2 BACE O e B AR - fad Lt iR LR -
Bk R PERE 2 AR RS LKA R G o B ch TR R R R B A R
#5(2009) & 12 2_SaatyzF B AHP= 2 chfl A Bk 1 & & 35 ¢

-~ - BRRV AL R F § fAsE(Classes) s = i (Components) > I35 = F i

Pl B SR o

’

= U S & - K Beng % 32X b2 1 (Independence) -

R I A I T - S RN S T

v

s
e °

T VLRGP VARG HEE R R S 52 B (Ratio Scale) -

X}

v AR BB FEFASHERG TR Y TG B (Positive Reciprocal Matrix )
T o
Ao~ kB 0% KRS 2 (Transitivity ) # 50 5 B 0% LB (A B2 B
B C R AR C) FREAM G B LESE (ABEN B -2 B
%% Cia ) o

iy} Saaty P > iE 2 K ABHEL G T kg

B C =

n\')«

._\‘}IJ?_Q—%,I;%&"}/Q\.%&"} \’%‘% i:,\.‘l;?o

S FENRERE LR MR SRR F O TRR

v

COHER AR S G g i

U N .?fb;rs{,rw;&ﬁﬁ P R R N B e

X}

~ R s B g2l (Stability) s (Flexibility) - ,rnqw g e %

AR B e BEATR e r $- BBk A T H 72 R

Bk sueng sl o

A% (2006) SRR RPN g P F - RTEIRGE 0 TS R ARER
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TR N-MEMEEREEA ERPHES RS TER R B D pRE
AHP 222 2 LR EF=R B RIOpEEE » S = REJIY A REZEFIRBET
BERDY - BAAEERY TR E R R AR E S SR ERGET

BAEEFTEH

Awasthi, et al.(2011) # 41— B % & & 5~ 47> (Analytic Hierarchy Process, AHP)
22 22 J5 72+ (Dempster-Shafer Theory, DST) e j2 &k 7§ & %J PAS G SIS FHz®
FoHBARFHEGESZRY AHP 2 SR 7R S I FEHiEm oL - £ 3

EOEL LR e LR Y OV BGRR R S R

= 3 -2k 7(2012) & ¥ fioke K x4 A 4 172 (Fuzzy Analytic Hierarchy
Process, FAHP) » 3= j e & ¢ #ul 2 Faadgth » g4 }gki%ﬁ?éﬂ‘—,ﬁ’ L RE Lo
BE- Be F A A G 18 M Y 0 BuB i b kB 2 - BHOR
B AR B A7 2 EE G 0 T e £ B RE SRR B SE otk R [ IRAAR

BaCRCIAE LT R

S
ol

7
~

2.6 /] &
AF éfzii}i it 2 i (Eco-mobility)z. T & > 4 478 227 F EHE T B P 24 B
HAH TR S %R A BB HERR G F A T AR
FIAB D (5o F ¢ 4DE T 1855 44 (VOCS) = § 1t 54(COp)2 ik A P ATV %
PR A W'\Eﬁ% FECATI Y

"R OAFPFEED I ERPFL AL 2237 AP Wxﬁﬁ%%}"%i
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231 WA A BER Y A SRR ER R TR LR Rk
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%
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enfgd afie > B8 @NFRMAFEREE S 277 2 AHP 52 ficBl 7 > £

Z BG4 B
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2 BEREATE
e At % TR B AR
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= A 34 A=
=< H £ }j“ ﬁ_,i"’ ‘ o
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33 BRExPeag
ARSI 2RFRELE P A7  EFEgBE LW E L 4-6

PRE S EREREFLERM  FIOHL BRAAFT TR E L R o

),

B3I ERPERNF

TA R AT o HHE IR RZEE z}#ﬁﬁi&l,ﬁsffb%
x5

iiﬁﬁ%a’ﬁ@§@’§£®ﬁﬁm%ﬁﬁ = R LRI

FE{ VD prARERE %‘« PRAFAFFRELER L AL EEF

BELEALFATFLES > NI LPATFLOETRF ) BEAFRTRES -2
p AL R 2 AP R R AT 5 2 AR SRR AR TR
B(HAMe )~ A Al (FRa ) &4 Btk *Wxiéf’ﬁ%]?é’** Azt~ R 3iE
EEBRIHRME - THD LRI E 2 R IRB SR AR AT
;}i;;;‘jﬁ'ﬁaﬁ N A f%:,gg%g;gﬁa‘;{ 24 G > 2R HiF %%’z:’z&q‘,}_@ijﬁg

B U AT E e 2 R g i Sengrap R IR 31
%31 4 BRdAF2 4 BFEERHERP

1. & &% B &8 (Conserve energy to reduce carbon emission)

AME g AFELHFE S ETREORAAY CRE T BARR ST

® - NFHRY A WP @ gEapuEcc < BERR T A X

X% o AP A P BB BT
22 iy AR~ PR AR
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2. #% % & (Community Environment)

A AFE LA FTREAT AL T

® G ohiBd @ K Ff | @ ALT hiRD HR h AR

b

®
Bl B AFE R #F L EE

BT AALE Ch L AR E
AR LU RBAPHEHE D

@ (HFFTHELETEG A HERF SR S8 7 AR
o AR RE

FRA TR RARE

A FRRART >

i (People Centered Mobility)— ¥ 2 &

g:_—r ,u? i_ﬁxgj:%,& %G * 2

o

CRI ST ENS S
CRLEEEREE § T30
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YHENEREAZR 2 WL iE o 5 9 F fu‘rx%fmw A X R YRS R

Foo 4 GREYIRAER AT A RXEOA FEL > POl 3-20

%32 AHP B L3 % § 6

& ALR
. & 1= 3% ES 33 &= & .
X #ﬁ 178 ﬁ ﬁ Y Jfﬁ i

8. e, 8. e, 33 33 33
91 (81 |71|6:1 (5141|3121 21:1(1:221:3|/14|15(16]|17|1:8]|19

¥+ =2

V T

EH

7;:: VR

Y L

| gt

i d

332K %A 3
BENRUMF RRIPVEFEFEFNENE > RV R20E
FEH P TRELE LV RLE Fizzd BEREMFITEHLEE &

;}7% °

FRATE R

341 FH A4

AR S TR 0 AT R AT
-~ P EEHpEE SRy E

FRWRAER (S > T S Y BiE A 7 ¢ F * i@ (Eigenvalue) fz
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Fo e EE A RN EBEFOEL 0 THERKEEF - RIE

T I iF - & idp ik (Consistency Index, C.1.) > #& & #THE & = $it 5t

FE-AENRELSO- RPBARBB LT > MFTTHRIFEBE S
- REBRIAFPFEL R gaELEZ2 248 BT ﬁ%%é’: I H g
o W FAEE o Saaty N UT v AT K Pow £ E

(-) FegIiHEEBi 2

1 jj
=1
’ Y1 @ij

() FITiEaREk

wy=1 »ij=1,2,...0 (3.1)

n

Z] 1 l]
n
Z1 121 1 Qij

(2) G BAioimicribl 2

W= ' j=1,2,..0 (3.2)

1
W= Zn/f;ﬂ’: »1j=1,2,...n (3.3)
i=1 /Zi‘=1aii

() 5l BT

)

g

A

1
wyp= Mz g g (34)

Si (T o)™

¥

A B T A 2L F 2
Ry A E e

(g

6 R R b2 - R FHEClLE > # a5

i
5

@)
1
o
[ury
—~
w
Ul
~

2

N

RECLH ZAFDANE ; FPFr e RN 2 EEw AL Ry
- %M w & (Consistency vector) * v gLk £ » g £ELE » H o505

=1 W5 /
1= W,

' i,j=1,2,....n (3.6)

T - R

[

6 RHEvEZ B #icTHofiTe FAE ) H a5

i
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l::Z%%ﬁ,ijzlzp.”n (3.7)

Bfs#HAE A » FF FCLE;CL=047 % {2 ¥% =% >~ k> Saaty &

i

R R
BA ety R ET 0 A2 3 R aClLE SRR ( Random Index ;

RIL) @A ClLEERLEDG F o 45 - k44t 5 (Consistency Ratio ; C.R.) -

S

XC.RE -] 301 pF> Haprdz - RUEBRE EILE D

CI

CR=3 (3.8)

342 FH2 B*

AP AR PRI FEH P LB RARFLERf R 5 2L G

-~

FERHS APk AFEE AL 0 5 FRI A AL R A B

TS
=
i
F_L

S

ARVE A RATHZABFATETRL 2 ZRZPH L EIEAT

M AL R E R RSN S R SRR P A AR

S

-~

SYISTIRTIE

35 4 ERrUAFEREN

Max 2 f& 2 A% )= Wi (& i Fa) + Waf (GBR% B 8) + Wa( X & 2id)
Subject to

1 R

2. LARPRY 2 B T

LERLR M m@fﬁ’??ﬁﬂ EEE SRV R AL 2%k oA REK S 5O TR
T B2 3 F EA (rB] 3-3) ERR LIPS FIFL MRS B
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%Ei r’?f}ik\’}‘?

RUEAHE AFFE LR AT NG R
F Ak T2t BRAAFAIHALERE AT EREHE - F - FF IR
FBPEREEEEAI ) - B LA BRUAR TR AR EL AT

SR BR2017 2 BERAAFREFELNT F 2SS BRAAFRGED

41 2 BRAMFFERGHR 2 AH B2 BEAH
ol @t AHP 22 2 2 R AA T & R R R A T
AT ED A S ST ~ AHP Analytic Hierarchy Process(K.D.Goepel Version

09.05.2013) % # & Rt e= B dp i € B % > FF32do i 4-1 -

41 (2A0) & FRenerm e AR E M 0 4

e | RE =5 4 i e
A !’ki@ﬁ].l L@ A= 47.7%
i R | 255% |2 2 E R E S S R4 26.0%
THEL LR D Rkt b | 26.3%
T thind B F 17.7%

AERTRE | 201% |[* R AF L ZTEFGH | 36.7%

Ak B RE R 2B | 45.6%

2P iE B M 39.6%
AR | 45.4% P E A & RiE L 24.8%
e A A S 35.6%

§ A T A AR (HI0a ), (45.4%) 5 2 54 R AT R E R 2 fEs
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AL TARRBE M) (29.1%) > T & | (25.5%) & 3tk = o & & &2
ERP . RAFL RO TR R R E
- TARRE (G ) & 27 Ripihs M 258 2 2 =0 i 1(39.6%) -
B i TAARR T &g 48, (35.6%) v TALT 1 & i peik ' (24.8%) -
= TARBB(HL Mﬁiiiﬁﬁﬁﬁér4ﬁﬁé%ﬁ&£&iwa
(45.6%) » H=x 52 TA3a@ % L% 25 2B & 4 (36.7%) » Bis TR o iz
BHR X (17.7%) -
= TERGE TR TR T RERL B R L, (477%) £
TR R FEER R (26.0%) THEE L AP dmBicz o 6] (26.3%)
BEREART
TERA T FFERENLARORECRRRERY T AT

-~ AFER:

% 42(RER) R R R E L M A

Feen | BE *hip ik L
* Wd@ﬁ%]_l—,@l‘f% LR 31. 2%
o RE | 26.7% | = FEFLERE R 23. 0%
THEL LRI a2 v ol 45, 9%
T oh BB o &K 11. 9%
AHETRE | 28.1% |1 B AR X T TG 27. 0%
A RERER 61. 1%
L R ARC IR S 10. 0%
A KL |45, 1% T A B i pLaE Y 21. 0%
AT P FF L& 68. 9%

(<) 2HRRAAFTREL 24857 T4 AA(FEa), 451%) 5 ¢ - 2
SR i TARFREFE MG ), (28.1%)7 &0 Bm | (26.7%) 5 153
FREAT o AF G TS A2ZARLARE,) S 2 EY
AFEREE 2N > e TAFREF M), ~ T&n R, 2

ARG o
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(=) &EARG TR IRRET AT
Lo TARd(Fa), AT hfphe L HRAL 1 TR
Fos A e, (68.9%)  MALE A B Beid T (21.0%) T2k
%

W E et e (10.0%) 0 TARE N F oo A d dp P AR A
B2 d TR EREA B RUATZ TN FEAT®R
L

vz

2. TARHRBEMWG ), ATkl 2 BRA L T Y
PRGERE R H] ) (611%) TABER AR SE TR G
(27.0%) ~ T ®ehiBd @ F (10.9%) 0 [ 4 7 & R L

2 gt AR B 25 d P A E R R K
A AR RPLEALIAEFREZ B

3. T&AFM AT Frhits tR8BEAL I TEHEL L 12
Rl v bl (45.9%) - T X BB LR 4 (3L2%) - T
FELEESEN (23.0%) AEEA LRI L THEL
LHR o RAESRRRL IR FEREHRAERLAY

&z dpiF o

=~ FTRM

43 (G M) A B ER L R E M B A

Feih €L Bk €L
S L 28. 1%
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