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Purpose: This paper aims to propose an approach for identifying and prioritizing ecosystem indicators for
effective ecosystem management. Specifically, fuzzy Delphi and fuzzy DEMATEL approaches are used to
define ecosystem management goals and indicators, rank the importance of quality attributes in ecosystem
management, and rank the effectiveness of each indicator in each pillar of ecosystem management. The
ultimate goal is to provide a tool to decision-makers that can help in allocating resources more effectively
and efficiently toward achieving sustainability.

Design/methodology/approach: The proposed approach involves a three-phase framework. Phase 1
involves identifying and determining the indicators affecting ecosystem management. This has been
performed by studying theoretical articles, reviewing systematic literature, and searching previous studies
to identify different indicators for each pillar of ecosystem management. A list of indicators and factors
affecting each of the pillars of ecosystem management has been determined accordingly, and an initial
categorization has been created using library studies. Phase 2 involves using a fuzzy Delphi method to rank
the most important indicators in each pillar of ecosystem management. Experts have been asked to indicate
their proposed indicators in a questionnaire based on fuzzy variables, and the degree of proportionality of
the proposed factors. Phase 3 involves using a fuzzy DEMATEL approach to rank the effectiveness of
each indicator in each pillar of ecosystem management. This approach handles imprecise or subjective data
and can be replicated for different cities. Overall, this methodology aims to provide a comprehensive
approach for identifying and prioritizing ecosystem indicators that can be used by decision-makers in
environmental management and policy-making.
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Findings: Findings imply that the integrated approach of the Fuzzy Delphi Method and the Fuzzy
DEMATEL can be used to identify and rank the importance of quality attributes in ecosystem
management, and to rank the effectiveness of each indicator in each pillar of the ecosystem management.
A total of 36 indicators were identified across four pillars of ecosystem management, i.e., economic,
social, environmental and institutional. The results indicated that the most important indicators for each
pillar were science and technology and innovation for the economic pillar; air quality, waste treatment and
energy efficiency for the environmental pillar; poverty, health, and safety and security for the social pillar;
and transparent sharing of information and political stability for institutional pillar. It was also found that
there was a strong interrelationship between different pillars of ecosystem management. For example, the
institutional pillar had serious effects on most of the other identified EM pillars. In addition, the economic
pillar was the second most influential factor. Moreover, the institutional pillar profoundly influenced the
environmental pillar. Finally, the economic pillar highly affected the environmental pillar, which doubled
the complexity of ecosystem management.

Research limitations/implications: Several limitations and implications have been addressed for future
research. The number of participating experts was limited, which could affect the results and limit the
possibility of their summarization. Expert bias may have influenced the results of the study. Such
limitations imply that further research with a larger and more diverse group of experts is necessary to
validate and expand upon such findings. This study was limited in scope to a particular ecosystem or
region and the identified indicators as a result may not apply and be generalizable to other ecosystems or
regions. Based on the cause-and-effect relationships between the studied elements, a hypothesis can be
expanded and validated using a larger sample. Future studies could replicate this methodology in different
contexts to test its applicability and effectiveness.

Practical implications: Decision-makers in environmental management and policy-making can use the
methodology presented in this study to identify and prioritize ecosystem indicators. By using an integration
of the Fuzzy Delphi Method and the Fuzzy DEMATEL, decision-makers can identify the most important
indicators for each pillar of ecosystem management and evaluate their effectiveness. This information can
be used to allocate resources more effectively and efficiently toward achieving sustainability. Decision-
makers could use this methodology to evaluate different ecosystem management practices and policies,
and develop new policies or modify existing ones to better address the needs of different stakeholders.
Overall, this study provides a useful tool for decision-makers in environmental management and policy-
making by providing a comprehensive approach to identifying and prioritising ecosystem indicators.

Social implications: This study highlights the importance of considering social factors in ecosystem
management. The study identifies several social indicators, such as poverty and material deprivation,
education level, public awareness and training, gender equality, and social participation. By prioritizing
such indicators in ecosystem management, decision-makers can ensure that the needs and perspectives of
different stakeholders are taken into account. This can help to promote social equity and cohesion, which
are important for achieving sustainable development. Furthermore, by involving a wide range of
stakeholders in the decision-making process, including local communities and marginalized groups,
decision-makers can ensure that ecosystem management policies are more inclusive and responsive to the
needs of all members of society. Overall, this study highlighted the importance of considering social
factors in ecosystem management and provides a useful framework for identifying and prioritizing social
indicators.

Originality/value: The main contribution of this study is the application of the integrated approaches of
the Fuzzy Delphi Method and the Fuzzy DEMATEL to identify and rank the importance of quality
attributes in ecosystem management. This methodology is innovative because it allows decision-makers to
handle imprecise or subjective data, which is often encountered in ecosystem management. The study
provides a three-phase framework for identifying and prioritizing ecosystem indicators, which can be
replicated for different cities. Findings indicated that science and technology, air quality, poverty, and
transparent sharing of information were identified as the most important quality indicators in their
respective pillars of ecosystem management alternatives. This implies that decision-makers and
policymakers should consider allocating more resources toward improving such areas. Overall, this study
provided a useful tool for decision-makers in environmental management and policy-making by providing
a comprehensive approach to identifying and prioritizing ecosystem indicators.
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Fig. 1- Three major contexts of ecosystem management
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Table 1- Indicators of the Ecosystem Management model

(83) o lar! i

(SS1) §3Lal (s 55

Oleys 5 cilig «cwde 118 Il
ahldaes
Llos m3s OB 119 (s o Jhallon) & 5 Jo 12
BLNTTPNEESP RIS v/ GlSal w13
Sisl s osee AT a5l D21 ol Sals (Il Ol (ool s s 55 Shee 14
S Ab) 5 5 Comer 122 Lo (slacs st Sl eslinad 5 Sn s wsosly I
@bl by oy ( Su5 S 123 a5 L goladl sl (el 5 kel 16
e FS 24 a7
el gl (s 22 125 Sl e s Gl e csostd s le 18
Ol oSl pi g 212 126 Sl ey slaabls 19
S sl 5 (S Sl 127
ansl Sl 5 Sesl 128
Sl FS 129
(884) 538 oo 25 (882) (azen o5 s 25
3 e bt oy il Gl i 5 ol :
130 Ol S 5 oiS 110
P8 ol
Laosls 33 (55T (oMbl Glis (ST zil 4 131 031 Y e 50 5 lOblS sl JLasl 5 1pa oS TI1
. [3demn ol &5 (el sbadlls 5 D) Wl adess
b 5 eSS 132 112
S TS
S35 le sbo by (B slasle S 133 S5O G ae (55 Sose e 113
Soligd b o id b 5 134 AU 5 ikt sle o e T14
law =5 135 Sl S dzs 115
b Sl 136 Sler 2l 5 T Sk (i ST 55 Ol 116
d g5 3l bl 117




VEY Ol Y Sby ¥ osles O 608 cOldas 5 A5 o pie js a5 /80

o As gy, Y-V

sl ol 0313 = 5 caxdllas cpl 5 eddeslizel FDM Al b caslsl s
e ol 14

Olamasen 5 08 2 5l laosls 5 s ks wﬂ@e —\-Y-y
Sl 03 31 (anlnS Sl 5 (Sl S) o 3200 Sl ) d(Catl sl sl i slaay S il
L s S bl p s Sy pide Olaasite (1 1y plaaali iy O iy 5 (Y4 TY SO 5 Kd)
Gua il cdlis ol 3 () g;_w%v)x;s@ﬂ@z o S1 o el s 35,055 el sla L
s i3l la ity 5 Lls amass 5 (HI5 w51 Copde 3 S Wl AN Olawasie 5 Olulil,lS
Oliioes (A yasiie s daslr oS oK Liloge a1 0S5 2 (5l a5 isls &1 ol s ls 6505
G2 L el )l ols S80S la s, 5 candllas 53 oS 5 gl Wl 5l cses 5 T L Ll
54000 b 5 |y aadllas s Ol . is S eslitul wol i w555 (sl 05l OB S ES 5 L ol ules

Wl oo 5 5506 (At sl sl —Y-Y-Y
ngu ;_ij ‘)\ oalaul ‘JJSJ"}‘) g_ﬁ._)"""@" 'L‘SLfd Ji.l.q d"l:.d 6)[3 )‘.\.G\ 4 \) Lf'l") ‘_SLGJLL)‘)\ J:lj) UJ»"

NGIWH PRI, P | d}&ﬁ“sw‘émﬂ‘z@&w‘

Lb)\.“du d)} gl.;.o.b‘ ‘_;|ﬁ JbL:.a ‘.;LQTFN K] JO\S Sl-Wapl Y J}A’

Table 2- Linguistic representations and related Triangular Fuzzy Numbers
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Table 3- The corresponding relations between fuzzy numbers and linguistic terms
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Table 4- The results of the fuzzy Delphi method considering ¢ pillars of EM

(SS3) _slozx! (et 2

(SS1) (salazsl )

5Y) Slaae SHB ) 859 Slaas s3B!
o) oaFLa| 4, ol
ool s> | U| M | L oo sbg> | U| M | L
2 0/08732 Y/AVEYTD O  Y/ATAV Y 118 3 0/11381 Y/AVEYTD 0 Y/AYAV 11
1 0/09538 ATARARNY O YNHAYOS Y 119 8 0/09933 Y/¥PAVY O YEYVO Y ¥
12 0/07542 A\VAAR G ¥ Y/NXPOAV Y 120 6 0/11064 Y/APYAZ O Y/VYVA Y 3
10 0/07761 Y/OYYF ¥ Yoroy Y 21 9 0/0983 A\VAARENS ¥ Y/NPOAN Y 4
6 0/08437 AZAERIN O Y/PANY Y 22 2 0/11908 Y/YOASA O f/YIWVY Y 15
9 0/07993 Y/PYANY ¥ ooY/VWVEYD Y 73 3 0/11381 Y/AVEYTD 0 YAYAVY Y 16
4 0/08489 Y/ASYA0 O Y/VYVAY Y 24 3 0/11381 Y/AVEYD 0O Y/AYAY Y 17
10 0/07761 Y/OVYF ¥ YoroY Y 125 1 0/12705 f/¥YPVY O F/YVYY ¥ 18
4 0/08489 Y/ASYA0 O Y/VYVAY Y 76 7 0/10418 Y/EYAA f o oY/vveY v 9
7 0/08260  Y/NOAVE O ¥/OYA ¥ D7
2 0/08732 Y/AVEYD O  Y/ATAVY ¥ 28
7 0/08260  Y/NOAVE O YOVFA Y 129
(SS4) 5546 g 25 (882) (s g 25
3Y) Slaae S8 ) 859 Slaas s3B!
“5) el 45, el
Bl s> |[U| M | L o>l s> |[U| M | L
5 0/13368 Y/EYANY Y/VVEYD 130 2 0/13378 \7AAEa'Al O F/YVYFYF ¥ 110
1 0/15951 A\7ARARNE [NEEER FAVN AT ¢ 131 1 0/13994 /9%« AA O Y/VAVW Y 111
4 0/14198 Y/APYA0 O Y/VYVAY ¥ 132 2 0/13378 \7AAR2Al O f/YVYY Y 112
3 0/14934 ¥/+2¥¥0 O  F/AYAQY ¥ 133 2 0/13378 f/¥YeVY O f/YVYY ¥ 113
7 0/12614 Y/fYyay ¥ Y/NPOAV Y 134 5 0/11908 Y/4¥4-Y O Y/AAAY Y 114
6 0/12980  YOFYSe ¥ ¥OSOY Y 35 | 8 0/10970  YSYAW ¥ ¥WEY ¥ s
1 0/15951 A\7AR ARG 0O YNHAYRE Y 136 6 0/11651 Y/APY44 O Y/VYVA Y 116
7 0/11337 Y/VOAVY 0 YOV Y 117

S8 Jress 5l eslaal b fyw.) S o O )1 oy Wil gy o —Y-F
A 60 Jses bw s EM OLS ) S5l gl sole 5 slearl e 5 oolaidl (S5 Sler

o) Ao Al w4 JAK...'TJ\J Olawass 5 Olubs I8 C‘”L* ool ad sl glaesls Ll sl ab S

NG P W Lg)jica.q-




7v/ ub&.«.ﬁ 3 L;;L\b) Ab‘)’]/ ‘_;)U J:.o.‘»‘.: K ‘_;)U ‘;ﬁ) ‘_;\A;}g,u) )‘ salanul! L» rj)gl...a‘) gL.lJ.‘»‘.M ‘5‘.%",.6?\.5 ‘_;.\.ds:,.‘»_}‘ﬂ K ‘j‘luﬂh.\:l

ok il 50 =0 I3t

Table 5- The direct relation matrix.
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(0/600,0/850,1/000)  (0/700,0/950,1/000)  (0/650,0/900,1/000)  (0/000,0/000,0/000) ssLasl
(0/300,0/550,0/800)  (0/450,0/700,0/900)  (0/000,0/000,0/000)  (0/450,0/700,0/950) | _Jaresioms’
(0/350,0/600,0/850)  (0/000,0/000,0/000)  (0/550,0/800,1/000)  (0/600,0/850,1/000) sl
(0/000,0/000,0/000)  (0/550,0/800,1/000)  (0/500,0/750,0/950)  (0/700,0/950,1/000) <l
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Table6- The normalized fuzzy direct-relation matrix
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Table 7- The fuzzy total-relation matrix

s\ ol ) >las!
(0/330,0/948,5/097) (0/403,1/097,5/438) (0/392,1/089,5/513) (0/216,0/865,5/257) s>basl
(0/200,0/718,4/622) (0/272,0/851,4/952) (0/142,0/663,4/789) (0/272,0/856,5/024) e
(0/237,0/798,4/880) (0/172,0/743,4/987) (0/328,0/955,5/309) (0/339,0/969,5/303) sl
(0/154,0/692,4/789) (0/354,1/025,5/377) (0/342,1/015,5/440) (0/391,1/063,5/445) sl

ZJ.AJL;a QLJ..:/\}V & LSLAJ}A;@)\ o}mwlb‘)oxldbju&jajﬂ}w&g:\“wbu/\ J_}J;- ¥ Cg

o daly JS g sl A Jgur

Table 8- The crisp total-relation matrix
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1/628 1/304 1/81 1/595 s3basl
138 1/543 1/369 1/559 e
1/481 1/46 1/679 1/688 v
1/382 1/739 1/743 1778 sl
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Table 9- The crisp total- relationships matrix by considering the threshold value
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1/628 1/804 1/81 0 3Lzl
0 0 0 0 (Rve
0 0 1/679 1/688 sl
0 1/739 1/743 1/78 ol
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Tablel0- The final results

D-R D+R D R
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15 . Cause-Effect diagram
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Fig. 3- The cause-effect diagram and Influential Relation Map of the factors
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