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ABSTRACT

The key participants in sustainable environmental practices are companys. Recently, the
issue of environmental sustainability has led stakeholders to focus on corporate
sustainable development, hoping that companies will implement the concepts of
Corporate Social Responsibility (CSR) and Environmental, Social, and Governance (ESG)
to align with sustainable development goals. However, international organizational’s
standards do not enforce the disclosure of ESG-related content by companies. Moreover,
the rating methodologies published by various rating agencies lack transparency,
comprehensive and comparable issues, resulting in inconsistencies in ratings for the same
company in the same year. Furthermore, rating agencies, with a focus on investors'
perspective, primarily concentrate on the risks faced by companies due to environmental
changes, thereby overlooking the true significance of environmental sustainability. Given
the crucial role of water resources in sustaining livelihoods, agriculture, industry, and
environmental ecosystems, this reaserch focuses on water resources as a key indicator
theme. In this study, first we explores the meaning of sustainability based on the United
Nations Sustainable Development Declaration. Second, we examine the characteristics
and limitations of international organizational stardands and rating agency indicators, and
compile international literature to analyze and establish indicators related to water
resources. The analytic hierarchy process is used to assign relative importance weights to
the performance indicators. At last, considering the qualitative and quantitative aspects of
the indicators, we develop fuzzy evaluation methods and a spherical statistical evaluation
model to calculate the performance assessment methodology. This research proposes a
framework for assessing corporate sustainable water resource performance, which should

encompass the following dimensions: First, disclosure of Corporate Water Resource
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doi:10.6342/NTU202303098



Consumption: Companies should transparently disclose their utilization of water
resources. Second, disclosure of Adverse Impact on Regional Environment: Companies
should disclose any negative effects they impose on the local environment. Third,
encouragement of Environmentally Friendly Clean Production Technologies: Companies
should be encouraged to adopt clean production technologies that are environmentally
friendly. Fourth, advancement of Water Circulation and Reuse: Companies should strive
to enhance water circulation and promote the reuse of water resources. The last,
commitment to Environmental Goals and Progress: Companies should commit to specific
environmental objectives and track their progress towards achieving them.Acorrding
these, we establishes four major themes: quantity of water resource, source of water
resource, wastewater treatment, and strategy of water resource, with these issures are are
26 material topics (indicators). It also provides a detailed explanation of the representative
significance and calculation methods for each indicator, and positive or negative scores
based on the company's positive or negative impact on the environment. The results of
AHP analysis show that the first five topic indicators are strategy of reducing wastewater
quantity and quality (16.46%), strategy of recycle-wastewater (10.52%), changing of
product’s water required in the past five years(7.74%), strategy of water conservation
(7.17%), The above demonstrates that in order to enhance their sustainable water resource
performance rating, enterprises should focus on strategies such as reducing wastewater
pollution emissions, promoting multiple water recycling, developing clean production
technologies to lower water consumption per unit of product, and enhancing water
conservation and wastewater reclamation techniques. These efforts align with the
objectives of the United Nations' 2030 Sustainable Development Goal 6, which aims to
ensure access to clean water and sanitation for all, as well as promote sustainable practices.
These strategies can serve as valuable references for enterprises when adjusting their
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sustainable water resource strategies. Regarding the fuzzy theory assessment of
qualitative planning indicators, compared to the traditional method of summing up
weighted scores for each item, the results of the scenario simulation show that the fuzzy
theory can provide a more reasonable interpretation of assessment assumptions and
reduce absolute subjectivity. Hence, the application of fuzzy theory assessment models
for qualitative planning indicators holds great potential and can offer enterprises more
objective and reliable evaluation results. This research can aid enterprises in refining their
sustainable water resource strategies and improving their overall environmental
sustainability performance The considerations and frameworks of evaluation can be
valuable resources for academic research, serving as a basis for generating new research
ideas and establishing platforms for further exploration in the field of evaluation. It aims
to foster positive and proactive actions, thereby adapt for meeting the ultimate goal of

CSR and ESG.

Keyword: Sustainable Water Resource Performance Indicator, Performance Evaluation,
Analytic Hierarchy Process, Spherical Quantitative Evaluation, Fuzzy Qualitative

Evaluation
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Advisory Group, EFRAG)*>t 2022 # 4 » 20 p =@ Pg A3 B2 B0 | %
(Draft European Sustainability Reporting Standards, ESRS) > 14 E(#& )~ S(3- € )~ G(ip
R)FF@E LA R ST H e RR e R SHE G- R EFAHTE
HBED > g AL FE 2030 AFHE P HE(SDGs) -
BE T RME S B AN TREL £ 5 2024 & k45 ESRS HRIIE ¢ ¥
V-4

ESG #3175 ¢ f 1 M lcRiB 250 &~ ¥ £7RB4FFm~ - LERTAR

10

doi:10.6342/NTU202303098



W 2000 FRc ;A AR I REATE 10 P EFEFRLE2 F IR
REFAREBRP IO - RIS AP EYETFARE 1S R £

% ESRS ¢ > 5 B kTR R ;24> ESRS E3 -k ik i & 7 ik (Water and
Marine Resources) > pf 7 #3%4r# 2-4 » ESRS E3 : 5 5 2030 < E P 1R SDG6 %
SDGl4> & R ¥+mF L2 P THM GEREF o APELFTREHET
o BP e 4EPORE S F RE S RERE SRR KR KRR E AR
A EGEaBRE R E SRR ECRBER CRER EHORT R BET R
MR %ot cnir s £ FI s 0 F AR AFp R AR G R R

Bh e REGRARFEFE -
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% 2-4 ESRSE3:-k

FRBBET R

v

PESAEE e

E3-1
2R
K F R
T R D

A5 ak
e

F' l&"f\'—"ﬂ% ll-Fl ,]ﬁyl,{ "'J*' J < EJ-_%, N

E

¥ 32 #ﬁi AR g R K

BESYEG MR TR AT R
-

i

A FfePRIFR 3 R AR TR ~ 3k
/7# ﬁngi‘i;ELL /)é\ B"J‘ﬂ‘wj‘ﬂ‘
B2 RUER K -

E3-2
KE R
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Ve Bk

PR
HRIE A i

’

BokE KRR ARk S
£

‘£

E3-3

G L F B EREEAR BRSSOk

ke b2 FEP ~ R foat 0 R FiRfos T R B
AR R FEFRPL B LMZbE 6
ke kit A o LR

E3-4 BB LEFEBRE ~HRE KR

SV E

iR s wfkE s AU RE Bk E
FE G ARk TS ok E R R e

E3-5
kTR
% B R %k

g EE E )

s,
%{}rl“— ’}\ ’E_ °

_iB?s;J(—E‘_\q”v‘l(—E‘_\

E3-6
AET R

BB EENRY DB ETRE SRR
Tt A BER)ETHE S PR B P L

A B 3 5 FACE -

E3-7

i;;; TG b FEIORT R TR A MR P

i o # AZHERBGIHE o Mt A2 L

N BF U RLEE S ENERE
%éfrﬁ#—”li‘ﬁ%x%go

friv g 22

Fp B

THL kR A f %4 ESRS
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|
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2.1.3 %ﬂ.&#f#_

?&%ﬁ“W%£$$M&%¢i%ﬁ%%’%%—&&?&ﬁﬂ%%ﬁ&
TR E AT EBRAL  HBRR R R R R G A E R LRSS SN

BE B FTACGHEE FETAES N R3E7 FPREAHIEES 78
TR LR T R

Sustainalytics ** 2018 # 4& 11 Company ESG Risk Ratings » 3%& Fl 4 £ ¥ =
BERZL AR OS50 2% 358 AR L EEh ‘G RAXG » B
K iRdp Hie 44 ESG #h & A 42 (Material ESG Issues)® 2. 8.8t ~ -k frkk 4 4
EA9F R gk E RS AP RELERTIRE T 25 > MK T R
HHFEEHFE S AT h R wE T A6 0 AP R EG OB T AT
% 2-5 4% o

% 2-5 Sustainalytics -k 7 & ip M 45

1 # | 43 % (Indicator) | .
- oo | P
(Indicator) |38 > & H i
BT
Bk g = FEREFFERHTF kot Eeh
}%}i}% Ht #gagg;%ﬁ)_’ by ég_i%g@ﬂ‘r#kéio

FhHEERL AT PGSR Y TR
HaRfrEd A &) 2 dofe g 3240
B oo

AL kR ¢ A8 § 4% Sustainalytics Company ESG Risk Ratings %72

TR

E-)
~~
N

MSCI (Morgan Stanley Capital International) ;=& Film g ¥ B Fa 2 B i

F i =R 4E 3 N5 CCC-B BB BBB-A~AA~AAA = B % 5 > B

K FiRap R o e k8 % H(Environment Pillar) ™ > b F 4ed 2-6 S1m 0 dp itk
P RFTR-RFTREE D AFTFIECH DR IR R E A A FLERB

BAKHHLE § 44T B TR B § O ER A S ) B A

ez G HEE RN SRS A AT RBER S FARR(BAoE FS K S &k
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7

5
7~

YHORB A R FERRGRREYy KT IRATRE JIF I AP R gt

ol
\M«

Pokokd PR AR EL KRG AN RA YT 45 AR TR AR

\

V5 FE R 2 Kok~ BIRE F 1L % S(EMS) ~ #7 HAZWOPER

N

2 ISO 14001 ergsrt ] ~ s WARR 57 L2 2R - T EFHRER PR P
FRBE R CE AR R PHRERT S FEROIRRG) S BRI RIIE
BB SR ARRAL R A B s RA kv LA 5 R FY

FEFRAAPER FFFLA ARG YL N BT FFL AT ET

Th

% 2-6 MSCI -k 7 & 4p b 30

1 # | 4p ¥ (Indicator) |

(Indicator) |35 f ¢ ¥ = woF

AT e R AEFEFEY YRR - FERRRY
‘F,/,-, B FA5 s 3 e J\Iﬁviua RSN TES

k3 ket b B IEA 5k e

4

&R 4 - R EREEFEY VN ERABRF L

FAARE | E AP RRF TR AL Y IER G

Ll S R S FALED P MR pARE 2

B4

?if;' . B E IR L AL BIATL g

e BE S JCTFRA AP BF 2 JE -

FALK R - A F %4 MSCI ESG Rating 32
DJSI(Dow Jones Sustainability Indices) & % B #% & f g 7 3 #c = 7 (S&P Dow
Jones Indices LLC)>* 1999 # & 11 -k 5%“;}};,3( CEEFEFTHBAACNIEERNE S B
B AR ALXHR LIPS A oo =R AL 0~100 0 DISI 72 GRI E R 5 A7
7]4?;‘/%1#% e i“ 7% 8 & (Environmental Dimension)™ » p B 4r & 2-7 #7577 » @
FoRFRE Y tp Rk BGIRE AR EEREZRE) B A LB FARK
)~ TRE(F #4567 B Tok) AR E 2 B 53 RN ¥+ € (Mineral Council
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of Australia, MCA)K B ek BRI » 2 W5 L&t R TR 7 i N g RiEF&RD
2O R e (A & zv;rcw;)ﬁﬁé‘iiéim% kR RHRME 2 s DR &
LA kR GERFRA > FREAY BRAE I boif F  lak Y fo 3
R B NEREE Y T RRE I3 R FRL S B RS S Y R
BIFERPERRE kY B EBEAS pH EiEH 0 F R A RAIT
AR B FEMS £ RE TR Ok RRE
% 27 DJSI-KFikip b4

L PESAmEE | mp

Ag DA koRikE

B.ig * 3 ARCGRE ~Bp -~ @)

C.ig* @ Tk

D3t @ % e R @& * Apiuss { B cRE
R kR (B3 * 2 B e C)

E.&® * € (A+B+C-D)&7 5 — & 4p

FREEFENKTRTLE R ELTR

AR RN R LR 6 R RT R

FIEARM Fd = BR - BRBEPHE G -

FAL KR A 44 DISI

KF R | o

K F A M
b &

-

Refinitiv 7 & 3 B EAET b ¥ £330 5 BIGES LA TEBF 27
Refinitiv 2 > ESGScore 4 F 4 %% £ {75 ' ®=F > A A £ BB, 5 > £ 1)
PR EFEACHESR BRI AEORTA C ATELEM G EM LR
(Controversies)i¥ # iide i & # 5 {8 54 > 352 A fics 0~100 B »0 K 3 ikdg this
** Environmental Pillar & » A2 3 A2 dod 2-8 #r57 » H P Pt g @ A4 A

AN EEAR S SRR P KR EERE AL Yk TR Rk X BT

PR UK TR R S e BRAAY T RE A RS P ok kTR ok
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% 2-8 Refinitiv -k 3 i 4p itk

e H FESREH R |

o de FERREE L ALY g Y
) 7 réﬁ‘ e 1 » 2 -+ = , -

Bd b ORIy ;ga:.;;ﬁ?%aﬂ‘"ﬁ%vm

e EEEEEER KT RE Y £ 0 d B

FRRY-| £ -

k e MG b i

KF R ki 4 o

FTAL KR A8 7 %+ Refinitiv ESG Score £ 12

2.1.4 AL 2

X B2 L A
G =

fAF S BIREARNUR TR E LG 2 dp AT L ¥ o Matthew & 4 4% o
FlF 8B @ B A 2030 EF i dF 4 S%REkE RS ERFE R
i F A B K TR AR o AN R TR A
tWAFU=DO-CC+SR-OR-OA-PL-RWE+RWI-PWE+PWI ;' (1)
P DtWAFU(F @ * K FREE) ~DO(F & -k FTRAE) - CC(F & %
HME)SR(E AH g ER S n* L E)OR(E # R £)0A(BT R £) PL(H
$iRARR T SR ) RWE(RK 6 & £)  RWI(R K6 » £)  PWE(RIZ i 4obt *

kg R~ PWI(RJIZ i 4o4i * -k iy ~ &) (Matthew & Nigel, 2011) ; Lobato & 4 {1

P pH B F B A F BB B RS hE o AT 0 L5 SR
KA BT RORE T RS R BOR R AT T A PR R TR R

<r Y

EASBETERS o ApEE # B AR T2 58 B Y UL (Lobato et al., 2015) ;
Pires & A #-AH-KFhA G w L8N ALE 6 AR AR A SEE 2ERET Y K
SRR R R A RS R LR T BT P B R e A RS
Aok pATREIGEE FE B AT AEE Y MRk TRES

£ 4/* DPSIR * ;2 ~ & RE ¥ f RELGER L B K _,)iﬂ;}ﬂ%ﬂézrz\ 2-9 ¥t

Ao Bk P Edp ) B R TR S AL EARTIM B 2 ALE R F
FEBIpEFETEARFERRAT AT RT Y R P X BEA P 2R
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CES S RRS EL R T PR ELS L S Sh SRS

2.‘1‘@?}}%;“{,;; "R Eaka 42 Iﬂ‘ﬁ;}ﬂg{ ""]5’2.71\%,}’(@3'@#_,@5 %;z[;( e

ot
i}
|
K
s
47“_.
|
7
et
7
-t
e
S
—
£l

LA AGEE R AT B KR I 4 s
BEr REL A1 0t b0 F PR TR oI ARA R R L 398 B ok
feB % REFR-RFTRDR* R G5 Sk g AP iy £ Flék ke @
SEREE AN AT S eI R A S B IR F PR RS S
AERAERBRYE > RERFRENLEPE; A7 kT ffhimh 2% B £fo2
FEHRFTRF R F Y AR TREER Y B REEE > TR
A X kB AgAk(Pires et al., 2017)

£ 29 Pew A ARREKT R

itk S
A WIERE S TR E RS A CARTIM % o

TEI R RBRET 0 MK T IR E
F % 35 4y B EE-RFR2Zi 4 ~KFRT G 22 5
x
P

4 i, P >
kS é\. A B }_“.:;né\.‘z:r—lp °

SN RESEEEEE S XK R e A R B R

< ) . . '—ﬂJ‘F'XEﬂ%~A? f’i@mie:'\“fg‘ﬂrpﬂr"lﬂ'g'%
i }\—il}ib‘;#ﬁ& LN R G o

K2 % 458k SEABFRSAFEA I EREkRE
1 fl K& TR A )

K 5 UG g kA TEY KE
Fo R AL ¢ mA P Flak kg = ik ¢ AR 0=~ MAD)
E?L‘H"/"j‘fq ﬂ}\?%/%#ﬁ}éé’i? ~ BRI eA

TR kR ¢ K87 g % (Pires et al., 2017)% 32
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AR R R AU RBCEARELF R BB R LR Fat

AAEXF AN LT F R OFEIRT o SR PR 2 AT s b
ESPRABM ZRYFTPLERAPFTIFHLLRE 2 BB RERAFITRL
IR 2 HAE P R4 K (Multi Criteria Decision Analysis) » 12 & 5vit = % >
Bt S RREFRFET BERAE R ERES % REEF R 357 (vy et al, 2012) ;
Marco % 4 4% 5 p X pns  * W E MR G a0 Y ik 2

EF CFEAENTR TR F AR 4 LR A A K (Marco et al, 2021) -

Sk

THEP AT AG 4 Belton ik IR BRATL B E A BB BB L T
FREPERA > F2 AR F A5 H0% 0 &8 P AR50 (Multi-objective decision-
making method, MCDA) » i¢ * & % 4 47 /% (Analytic Hierarchy Process, AHP)# i} &
(Belton & Stewart, 2002)> & 24 472>t 1971 & d 7 #7F < & Saaty 328 B 4 &

RAELZFERRAPIEF REFH/ D342 & (Contingency Planning Problem)

FRES 2 BHER G TG A RERY G A M IBE(CR 2-1) 0 T Rt AT e

SRR AL R A R A B A B R 2 SR ALHFE 4 »x(Saaty, 1980) o

B

IO
l AERIAL | l AEHIA.2 | ' AEHIB.1 \ l #EH1B.2 | l bi:4=(| (o] \ l #EHI1C.2 I

W21 kSN
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145 Saaty chfis* % 0 A BAET R TS PERARY AR EEA &
B EE AR 0 2 RBIEBE AT ARG 0 NRE AL AR PR
WA £ enfls* (Luis, 1990) ; Janis & 4 ¥ £ f1% AHP 3= A § 12 % 38 Bk 50 3R
e RER Pl B S  FRE R FIAHP 5 5 £ % R
BEA B HE S A E ARG B T AR A R KR S
AELT SR B> 5 & gL I (Janis et al,, 2022) ; Giilser 2 Alpay {*
AHP & - B it fRER 2> B3 R FEVI A L REN > AT Rk

B s R~ RACE A pe A R R 45 (Giilser & Alpay, 1998) ©

23 EFTE

Leonard c#x4k 1) - BB FH 2 FE X2 Z s AZHL 554 /-5 %
- &35 £ DPSIR 4 #7422 $ 48437 (Leonard, 1997) » — &= 7 i3
A~ RFBT 223 %A AR B gp st 1 2 (Statistical Ranking)
KRG MR Glhod * P S A4 B(RPD) B ok R e E g 5 Bk

HACRT PR B A4 B A B RFTFERP B A BRRGrE 2-10); HEFE G

Rt

RBRCP T S B e R TR BRI 0 SRR R R A B o
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% 2-10 755 RAE(RPDFH 2 A

KF/E P A% % RS # RS Bt
%% £(DO)
DO=6.5 6.5>D0=4.6 4.5=D0=2.0 D0 <2.0
mg/L
EAAE T
BODs=3.0 3.0<BODs=4.9 | 5.0=<BODs=<15.0 BODs>15.0
(BODs) mg/L
%+ FHE (SS)
SS=20.0 20.0<SS=49.9 | 50.0=SS=100 SS>100
mg/L
% ¥ (NH3-N)
NH;-N £0.50 0.50<NH>N=0.99 | 1.00=NH;-N=3.00 | NH;3-N>3.00
mg/L
L1893 1 3 6 10
R EFE 3
S=2.0 2.0<S<3.0 3.1=8=<6.0 $>6.0
kA E(S)
T kiR P S %o 4p B(RPT)

b 3
.}./

Leonard #t#% 3k 35

By e R e BT B AR R T
{5 Ror g fp(defl 2-2) BT

e > B E A E L

£t 7 (Chang & Lee, 1994) -

300

200

ol

100

w 2-2

o

=

HRERE

H i fe g 4

AAIEREALGFN AE
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%Piﬁﬁﬁﬁ’ﬂ%@ﬁagﬁﬁwéﬁﬁﬁME
HEE TSR T

IR &

+  Chang ##:% A & d £ 1 #c®
BEERAMER
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doi:10.6342/NTU202303098



4

4
F}-

Partha ¥ L % < R[] * 57| 5L+ (Spherical Model) fe S fier 22 % > b= ¥ 5
MM BB ZTF Y FIRE AL G S8 1 bldek TRE A
BUXEFEAT-FEAPERRAESZRAPHEEE > ARG LEE TR
FHPLE BT & A A AT AERREE TOAEBLE R 2 L

R i B Tk B B 42 (Partha et al., 2010) -
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3.1 * /%% i 4g

T e BAH R B B e B 2 B g RS AR TR

FoFPBREFS A RFERE A SR R AR S DM it miREE 4
it 9 P AR T RE AR BT S 6 0 % kA 52 (AHP)IF

SREAIL HHA T FREAEE TS AHP B 5 b di amE Sk
PHECERER BT R EA WE S 2 R RS R B B
BPERa TP R R EH TR E R RS AR S o

SR AR B SRR SR SR E s A A S LR R 8

AT FER R AR M LR 341 Hr T
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BT S AR R R B

A
§ 5K TORERIE H i
PR 2 5 R0 B4R

!

#E L EAK KT RS

N

FEEMLZ PR

A

FEAHP & 35 % |e

A w2

B R R

v

FwmBER

W 3-1 =35 inse
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32 kFRHH

THPEFFEE AT CER ARG AT RRY L RS LA kY &
FE O RAFRTR LA REQRY LMW FREBHE 292 Gk
RErFy S 0 B RE %%ﬁ ERERE 4 FHAEAE rRBEOESGHA 5 27
TELONR0Z T RARAFRTREF T FRGFFLAPFI R CITLAEL
WP IRR AR S SRR EFREPARZ 2030 AHFE PR (PRI TS
KR SR BRE B R R R E LA ORPEEEAEE R K e

R
‘:'

REes el ds s s A3 128 A 5B ER(RE L 3-1)
TE R

#¢ GRI-ISDS~ESRS ¥ & K& ¥#H@PkE ~ % k&2 KF

i
b

BA OB g ERFR® * FA,  GRI 2 ESRS 3¢ & R g £ ik R FE

$ AR5 AP 5 ISDS % ESRS ®ypE & B 2030 A F# B & Rg £
BLS KT RES > i@ w ok ~ £ 2 k@ 52~ K TRE T (FER)F A
W KE R MBS R TREEBBER MR EF( HEPof FEr R

KF R
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% 31 FFERLTRHBHZER MM

KT R R P
ok GRI ~ ISDS ~ ESRS
¥ oK B GRI ~ ISDS ~ ESRS
* ok kR GRI
ok ISDS -~ ESRS

ok R R K GRI -~ ISDS -~ ESRS
KERE AN F A ISDS ~ ESRS
B s Zi)r LE(RER) ESRS
vk 2 g4 oRE ISDS ~ ESRS
KT R R ek GRI ~ ISDS ~ ESRS

AP SRR ER > LR AR RIS RTIRF P EER G
B AR TR KT RALAG MR KT AL B AL 32
Sustainalytics ~ MSCI ~ DJSI ~ Refinitiv B /2 & ¥ Fl -k F iR4d 2 P52 Kok >
Sustainalytics ~ MSCI % Refinitiv B /2 & ¥/3 2 $%g 12 ~ B F F rcd@iol > 75

&
% > MSCI # Refinitiv 2 £ %75 28 B F2 A8 a4 KR " 2 0%

BS54 o
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% 32 F=EBHORT Rip ML

kR s i

KF R PR L E TS A

o Sustainalytics ~ MSCI ~ DJSI ~ Refinitiv
Bt RE R

EEAL P Sustainalytics ~ MSCI ~ Refinitiv
& E* KRR MSCI ~ DJSI
EEFFL AR MSCI ~ Refinitiv
7 Fﬁ;??'*‘*ﬁ“ 7R g 124531 > Lobato %'*ﬁ?ﬁé AR RE S B LR SRR
o 2 B B 44 ) Matthew ?ﬁ@‘;@&k?dﬁl?ﬂ—l" AN BAKRFTRELT R
Pires P32 AF-KFiREe 246 0 OEF LR F* k)~ S G2 * RoeF

MUEE B) s TR e (R A ) M5 (2 Esc i) Sy s gms
2330 T R G2 AR IRT R E RTRE R sl iRs
B ERAFE T wmil - R M E RS S R TR E L YRR
RS TP R EHAE RN SR E IS Ko g RO HREERET L

BREOKFRMEEE B BLLAPM A KT RE G R B
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% 33 R

2 RIR LK TR R Y

ey AR T R4
TRYKFRAE -FTREKTRLE
FERCEEE S SR EERCLYKE
BRFCE S Wagier AR Rk E
kg }E’J\ﬁ%])“a LR R J\ﬁ%] VB IR ACAR K

ﬁ%]% e O ‘q_/ m’\?J\ ‘//)%Y"J\Fﬂflfk'}m‘

B2 REFE 1 EHLR ok LE
FEEHAAE EARREE A EY LT R
A€ AREKFTR B AFRT R AR

TR IRE RECAE AR
«?%%ﬁ‘iﬁﬁw‘k@ L RRAR
Fp-2ig-~A¥* kg k
A?L\@‘*ﬁﬁﬂ%?g‘
LR L S ERRIIN

LA

FiRE LY

s

AP SR fEFLZ AR KT AR ZRERTREY £ 54575
HEAAPIE QI * 2 REERFR TH LR EPHRE 2F 2R £ F Ak

ERSEE Y A

1. #@E e EHRF RO

2. BB LEHFERE DL 6 BE

3. RREFFERE XL ZFFL AP

4. B R EEHERBREL

5. BREERFERBPEREER

KFRDYEBBEERTREY R RERE O 6 S HRB L ERRS
IR FREBRRE AL FF L AP R ELFEREE Y BB LEFESE K
TR r ey 4 S RERBEPHFEERANLE BEEZHBER L FEFL P

28

doi:10.6342/NTU202303098



AEEFLEHRES S FA BT fERR LG BPL 2 ATE WY

fe BB f AR s ) R BIEH L E AR KT RS

EFEFSHRRAZI L AR IFERhET FEE T EAREE L
T R - T BRERAGRTIRRIE ARG HRREAL PR SREF
P HERBFL > AERA PRSI TR FAH LT K ¥

RGBT AL @Y AHP T3 R EE 8 A h B HE & 1
1995 Saaty #c4% > AHP 1 & 3% 5 ¢
1, ﬁ-p:\ég *}'T—‘Pi/&gi ‘3’%?\

2. | # 4g 27 (Delphi Method)#-4p i 55 2_ 22 42 %] & 71| )

—b

3. R TR B 2 R

4, EIERIALAARE

5. - &Mt F 4k T (Consistency Ratio, C.R.)
6. ELEBfEE

IS A4
L

7. %

FERAHR TR G HIE F R P 5 LR £ & 1 K FRGRAER
TAHG R T 2R BR L ERE GIRE 21 22 TR AR B AR
B R atEe FRAHE R BRSO A B R BK 5 A A S
FEVR O BREER A RFL ALY ERV R G AR 1951 58 &
FPEEL 9S8 FERAMR R - R F > L RTRNEI0A 34977 0 B ER
B oldod 3-5977 0 B A B 2 Bt BRSNS ARkl EhE2a &
FERME PR IAAHRFE2EIEL R TEZR T - RApiR 1 4R 3

FAAEIAAHRIE IS LR > M JEL RS R gtk 2 2313 F4ptk
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3iHf B2 SHER > Al E L

]9 e

ﬁSf’jguFFEﬂL}iﬁ

4 34 kuasiriEAHP)ERE AR A
Bl .
TH BN
TR
1 F % £ & (Equal Importance) AEERELR
3 € & (Weak Importance) Wi - & %
5 4f % £ & (Essential Importance) B e R - B3
7 & » £ & (Demonstrated Importance) | 2£% 7w £ - & %
9 F% £ & (Absolute Importance) B¥RINERE - 3
2468 |p#8c & ¥ B @ (Intermediate Values) | 7% fp = & A3t Fikd 52 &
F AL Xk : Saaty, The Analytic Hierarchy Process, 1980
% 3-5 B pBEEPAHN
* AL (Issue) i
An 3 & 7 # i il 4p & 7
A : 5 p e p 5 5 $
z A A A A A A A A A
E 2 2 2 2 2 2 2 2
LB 9| 8 | T|65 (4321 |2(3]|4[5]6]|7|8]9
ip ik 2
itk 1 F‘
Vv ip i3
pte2 V| dp i3
F 4L %k ¢ Saaty, The Analytic Hierarchy Process, 1980

\g@ﬁ“&g, M - RS V'J"ﬁl"#p*ﬂ 1 LL;}F]*Q 2F & ;}Flfm 2 it

BRI ER - mhHEI AR | £ R L BETE . § ROV B - R

oA E LGS o R R AT

l.

FE R BB T 5

-

Fr-KksF nBiEp > BERRE
k4

Mo B R 2GR A

b2 oAy ay A 0 T Z AR} 2 A AR iR B
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HERMABEL 1> At USSP T8 E 4 2% RAFL HETE B
- Ry = Bagih dpik L iR 2 £ & 8 0 T 328050 aij - 4p
Tl ¥ iR 3 ER B P T8I aip ~ ptR 2 ik 3 £ £ 12
Ao TR app 0 T2 & AJBCE G aig >~ ainp > appp 2 B R B
4o N (2)F 1T
1 Aipjy iy,
= 1/ai1j1 1 Aiyj, | ;¢ )
1Y/ i, j, Y ay,;, 1]

3+ ¥ C.I(Consistency Index) & :

CLEE 23448 (3):

CL=(F fHcET358 —n)/(n—1) *(3)

Wik & & % n B3E p 2 RI(Random Index) i@ :

WAL OT AR S B RN - RMPEER L ARF > FUtE n BARA
2 RLES 424 RATERPLF - REAERET > &2 n EHE2
RILEA4r# 3-6 #777 ©

% 3-6 R..(Random Index) & ¥ & %

n 3 4 5 6 7 8 9 10

RI | 058 | 090 | 1.12 | 1.24 | 132 | 1.41 | 1.45 | 1.49

F R Xk : Saaty, The Analytic Hierarchy Process, 1980

3+ & C.R.(Consistency Ratio) i :
FCREENOIF A4 - RELSE DL IEEE, ptp* L

*i'n-

FV IR AL YRy 0 F CREX 0.1 IR EZ £A7H B & R
HRF AR AR At (@)

C.R.=C.IL/R.L 3%(4)
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FRLEREAL AR FE? BBz 0 HR
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Yo AT R R B - R E F A 2 A R Rl
R AR L BEM A VAR E WELE B R RESSEY
R R Ry bl B A S KR A kPR R FE 4T

3 R ERKT b AR E S e 5 R

FELE PRI RS PRI RT Py £2 R RARIRERFEY
PO FO BB ESFEL TIRBE R K0 7 £ H B F Hk(Boolean) > ¢ 2 3

Fos TR PR T EY R L AR R EE L TG R
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FEEPEAPFO R R A E P HRAILE > {3 EHERB L T
BAFHFRELG METY R FTORFET FEIMNEL R FER LTS
Bk EFNFABEEE TR PR L oSS A0 Y R & 2 REREZ RHR

BRA 7 AMR AR ERTEIANT AR E R A HE P

\
4

HW-FRh -MBERREFEE R dAFPEI v 2ta ha 8 40 5 &

Sy
R

FEOTREERNAEPLAREFE FRLT T NP E SR ERA
g Mg SR RN R R A RE KRR RFRE T AR
Tsipfdp = > 2LH =i o

P EARLFRARE T SHIBTE G ARFE YA R A
TR AL BRAG - L FERE T SRRSO AR

GO R A R R SR R A TR fE TR L R

MAERAY AHOR G hE I ¥ § o

tpo E e JUAR A & < F Zadeh B F 3T 1965 £ & D Ao @ R R
(Defuzzification) i 3L 3% (Fuzzy Theory) » 5 %] *% 04 LR 14 328 i ¥ ~ $H45 ~ &L

22 A EER R Zadeh FHETL R BB ALK BE T 0 A Y S 2 B S

R FI R i~ %3 > e TR TR EP N EEMELE s RELE S
TR TSR 3R IR BT Rp ST S A e A A 2 0 FEL

SR BT K ) 1 RATA SR 0 R 2 k1 5 Bk sl ddy > Zadeh Hci%
RAPFEFROPILHL BT 0 ¢ § RANR 22 P RA S o HKE Y - i
Bok > 34~ 35 & 34 4 4772 (Linguistic Approach) 2 5 ~ @i £ & * (Zadeh, 1978) -

R he - EBET A FE(PHAr® S 0~F 5 Do BHRLIFAINLAO
R M BRI R LR AT 2 S AR
I, 2E S N5

be% x=A B] y=B :(5)
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FOT oA xAy s 0F 12 FhEfgh B AE B x 8y ki
R Y T NP O L T
ok x=A 2 y=B B| z=C  (6)
B
4r% x=A & y=B B| z=C 3;%(7)
BRI 5 B £ & o009 3% 5 f3 0k (Defuzzification)r 5 #-#0s f & 7 7 Fz Lo iic
WelicE o SBRREOR B Y - T Bk iE 2 % % (Werner et al., 1997) » f2 ks it
PR RN I AR ETIEE s HFE 2 E G ff E A2 (Jager et al,
1992) > 44 B+ & T ¥4 (Mean of Maximum):E B~ £ 4 % & o Bcad b B 17 5 fR I
NEEEFF I RIEET B AHBREF A BT EHE T iR
2% (Jeanetal.,2004) » BHX A - E L > B HI B X)) R XxEX 3 ik it
BEiEx MEFAGDFRE MG EEBHE 47 2 3%4058(8) (Aarthi et al. ,2006) :

r ZixiEMxi
M|

i (8)

B fk £ (Centreof Area) 3 3+ B N A B RSP RPN ho ff > HEw S Hp B
Fofht AT 2 MR (LE R RIF SR & T 25405t (9) (Jageretal,
1992) :

r_ 2i HXDXi -\
X = i u(xi) #(9)

® f§ & & ;2 (Bisector of Area) 2 o fFE w2 a0 FHRFEE G A LSS B
BRFEAEDT RS LEACE (IR Pl FRE) FEEEELE AT
% 77 2 73438 (10) (Mogharreban & DiLalla, 2006) :

f:’ Ha(x) dx = fﬁ Ha(x) dx ¥ o=min{x|x€X} % B=max{x|xeX} ;'(10)

B HRILHS o R AR BT A S A AR T P e

%

BT RRAE S AP A AP A FITEREAETIERES S

34

doi:10.6342/NTU202303098



AFPTEREAE S RBF TS FRRUER  FE CMERR > KA

ﬁ'%;l"JL&fT;/%\ f’ ;’% r—g ‘g’% [ K/!v{p% /n.)i » b ‘+ ® L/.u_)i}‘ i;}%’_r’?ﬁ i~ %‘E"*}E’.@iﬁ'li?*@i

de% XEAIERM Z OFEK 2 BRI R 4 FAH N1
B2 ZES 2 CHMER P Axan (12
ek REIEARE 2 OTEM 2 MEA P LFBE 13
ok KTERB 2 ORESR 2 MERIENF A 4 FHB (14
RSB A EAREC BRAF R TUEANL 1627 BB 5 22~32 & ;

FEME 16~28 B ~ B K T 5 24~36 B 5 MR 4K 2 0~0.5 B|K]4F 0.3~0.7 ~ # K

F 05~ A FRM-16~0 B~ L FHA-88R L FNF0~16E 4 xKTER
HESH oy FESRIE MR ERI I WA FEANEH LI AL 34
FRLERMERESL A2 ZAFRTERFHMPEL Bl Ayt s B2
ABERHEL CCI SHEAHBEL COMBRBFHWESL ~C3 ZHEHR

DI ZAFAMEWEE D2LAFMABWESLE DIZAFABHWES R
R(DI (147 B 5
4o% x=Al %2 y=Bl 2 z=C2 R w=D2 ;'(15)
4% x=Al 2 y=B2 %2 z=C3 p]w=Dl 3%(16)
4o% x=A2 % y=Bl 2 z=Cl R w=D3 3;'(17)
4ok x=A2 2 y=B2 % z=C2 p|w=D2 3% (I8)
AF 7 J* Matlab_2023a #c8 FL HORBE R 15 0 P E L HOR B £ 4o 3-3

I 3-6 “iF o
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Membership function plots
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0 1 T Il
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Membership function plots
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43 BEAWEG
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B ess RFHH s a0k FRer F2 BRaHm B2 3 PHA £

..\

ERAAZFEELFRRY TR CKFRRY 2 RPN LEF AT LY 2 R
A T EMERE A EY REHF DA EE BBy R AL T TR
AT o R ER T AR AFE mT L FE LT 2 R FRAY

JE (Francisco & José, 2016) ; ¢ *F ESRS #Rl» A T B L EF &% L E %
ook R R BEHT EEY RS R R ARG ERE KT iR
Tle FEFY RERR R Y kR FR KT RE? FIEFF E % K

FEELYELAES S LFFRDKTRE T wF 2 G ko

=

FoRFRET £2 R0 RiEARF FT B RIP R REE kIS £ ER
g ARRTRE LRI B kg GRIE P& R FhGE Lok~ T ok

Z AN RZEH RE LIV OB LEERY KIRT RO AT RELBERT B
A PRTRER D P ERBEAFILERRFICE L2 v SRFE R w
Yook 2 L 4 ok 5 pF A4 (Francisco & José, 2016) > H4vw ja-R &R 4 k3 & 5
s B - Fok o 2 RS AT RER @ * (Jeffersonetal., 2000) ; ESRS # | &
F & F B KT RAR GG FI2F EF R HR2 55 MSCL-DISI - Wit & %
R RCRFR G R ARy R R Y 2 RF R 2030 A B PR FE

Mo EF B ERREAE LT RE Y RS FR P JORE F ARG T B

KF R e P EEART RS BEY RS LaEr R RORR Y R 2 g1
SRR L AN NS R SR N RS SN S SNk N N
LAR mEH LTRSS FEER

THETRAF CRPFOFTRE Y 22 0 FAEER I AP 5
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