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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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Table 4- The results of the fuzzy Delphi method considering ٤ pillars of EM 

) �!�M#N� L#�/����SS1( ) �O�'#,� L#�/����SS3( 

���� 
���% F���  ����


�! ���%  

 B��

���� 
@DK� ����

���% F���  ����


�! ���% 

 B��

���� 
@DK� 

L M U  L  M  U  

I1  3  9487/3 5  97435/3  0/11381 3 I18 3 9487/3 5 97435/3  0/08732 2 

I2 2 4375/3 5 46877/3  0/09933 8 I19 4 18256/4 5  34127/4  0/09538 1 

I3 3 7279/3 5 86396/3  0/11064 6 I20 3 36587/3 4  43293/3  0/07542 12 

I4 3 3658/3 4 43293/3  0/0983 9 I21 3 5652/3 4  53260/3  0/07761 10 

I5 3 3173/4 5 15868/4  0/11908 2 I22 3 68011/3 5  84005/3  0/08437 6 

I6 3 9487/3 5 97435/3  0/11381 3 I23 3 77635/3 4  63817/3  0/07993 9 

I7 3 9487/3 5 97435/3  0/11381 3 I24 3 72792/3 5  86395/3  0/08489 4 

I8 4 3734/4 5 43672/4  0/12705 1 I25 3 5652/3 4  53260/3  0/07761 10 

I9 3 7763/3 4 63818/3  0/10418 7 I26 3 72792/3 5  86395/3  0/08489 4 

       I27 3 51948/3 5  75974/3  0/08260 7 

       I28 3 9487/3 5  97435/3  0/08732 2 

       I29 3 51948/3 5  75974/3  0/08260 7 

���� L#�/���� ) �P/0
SS2( ) �!�-C L#�/����SS4( 

���� 
���% F���  ����


�! ���%  

 B��

���� 
@DK� ����

���% F���  ����


�! ���% 

 B��

���� 
@DK� 

L M U  L  M  U  

I10  4  3734/4 5 43672/4  0/13378 2 I30 3 77635/3 4 63817/3  0/13368 5 

I11 4 7817/4 5  64088/4  0/13994 1 I31 4 18256/4 5  34127/4  0/15951 1 

I12 4 3734/4 5  43672/4  0/13378 2 I32 3 72792/3 5  86395/3  0/14198 4 

I13 4 3734/4 5  43672/4  0/13378 2 I33 3 12892/4 5  06445/4  0/14934 3 

I14 3 8980/3 5  94902/3  0/11908 5 I34 3 36587/3 4  43293/3  0/12614 7 

I15 3 7763/3 4  63817/3  0/10970 8 I35 3 5652/3 4  53260/3  0/12980 6 

I16 3 7279/3 5  86399/3  0/11651 6 I36 4 18256/4 5 34127/4  0/15951 1 

I17 3 5194/3 5  75974/3  0/11337 7        
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Table 5- The direct relation matrix. 

 �!�M#N� ���� �P/0
 �O�'#,� �!�-C 

�!�M#N�  (0/000,0/000,0/000) (0/650,0/900,1/000) (0/700,0/950,1/000) (0/600,0/850,1/000) 

���� �P/0
 (0/450,0/700,0/950) (0/000,0/000,0/000) (0/450,0/700,0/900) (0/300,0/550,0/800) 

�O�'#,� (0/600,0/850,1/000) (0/550,0/800,1/000) (0/000,0/000,0/000) (0/350,0/600,0/850) 

�!�-C (0/700,0/950,1/000) (0/500,0/750,0/950) (0/550,0/800,1/000) (0/000,0/000,0/000) 

  

L�^ 2 j��I :6 � ��12� ���� ����` _"3�[ X !�
S >�%. j���2 � 3� 	���  j���% >3 	��c 73 �" �3��3  ?D"    �D7�

:���O  
 H��,6- �K�
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Table6- The normalized fuzzy direct-relation matrix 

 �!�M#N� ���� �P/0
 �O�'#,� �!�-C 

�!�M#N�  )000/0 
000/0 
000/0( )333/0 
300/0 
217/0( )333/0 
317/0 
233/0( )333/0 
283/0 
200/0( 

���� �P/0
 )317/0 
233/0 
150/0( )000/0 
000/0 
000/0(  )300/0 
233/0 
150/0(  )267/0 
183/0 
100/0(  

�O�'#,�  )333/0 
283/0 
200/0( )333/0 
267/0 
183/0(  )000/0 
000/0 
000/0(  )283/0 
200/0 
117/0(  

�!�-C  )333/0 
317/0 
233/0( )317/0 
250/0 
167/0(  )333/0 
267/0 
183/0(  )000/0 
000/0 
000/0(  
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Table 7- The fuzzy total-relation matrix 

 �!�M#N� ���� �P/0
 �O�'#,� �!�-C 

�!�M#N�  (0/216,0/865,5/257) (0/392,1/089,5/513) (0/403,1/097,5/438) (0/330,0/948,5/097) 

���� �P/0
 (0/272,0/856,5/024) (0/142,0/663,4/789) (0/272,0/851,4/952) (0/200,0/718,4/622) 

�O�'#,� (0/339,0/969,5/303) (0/328,0/955,5/309) (0/172,0/743,4/987) (0/237,0/798,4/880) 

�!�-C (0/391,1/063,5/445) (0/342,1/015,5/440) (0/354,1/025,5/377) (0/154,0/692,4/789) 
 

L�^ 4:  j��I8 H7�=�[ ��X� U/�� �P_F j���2 j���% >3 	��c 73 �" 3� 	�� ��. 6 
7  �8 � ��12� :���  

H��, 8- �K�
�_ P��� &>	 �JPN  
Table 8- The crisp total-relation matrix 

 �!�M#N� ���� �P/0
 �O�'#,� �!�-C 

�!�M#N�  1/595 1/81 1/804 1/628 

���� �P/0
 1/559 1/369 1/543 1/38 

�O�'#,� 1/688 1/679 1/46 1/481 

�!�-C 1/78 1/743 1/739 1/382 
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Table 9- The crisp total- relationships matrix by considering the threshold value 

 �!�M#N� ���� �P/0
 �O�'#,� �!�-C 

�!�M#N�  0 1/81 1/804 1/628 

���� �P/0
 0 0 0 0 

�O�'#,� 1/688 1/679 0 0 

�!�-C 1/78 1/743 1/739 0 

  

L�^ 6:  j��I10 I��@� �82��  j���% >3 	��c 73 �" 3�9 � ��12� .��� 

H��, 10- ,���� �-C��  
Table10- The final results 

 R D D+R D-R 

�!�M#N� 6/622 6/837 13/459 0/216 

���� �P/0
 6/601 5/85 12/451 -0/751 

�O�'#,� 6/546 6/308 12/855 -0/238 

�!�-C 5/871 6/644 12/515 0/773 
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Fig. 3- The cause-effect diagram and Influential Relation Map of the factors 
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Netij = tij - tji )11( 
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Table 11- Net influence matrix (NeT) 
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Fig. 4- The total NeT influence map 

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

12.4 12.6 12.8 13 13.2 13.4 13.6

Economic Environmental Social Institutional

Nij> 0.3
0.3>Nij>0.2
0.2>Nij>0.1



������� �
�� ������� ������� �����
 ���� ��� �� ��  !�"#�� �����!�$� "
!� ��%�  �&#'�! ��% � /���(�  !��) B���$'� � /71 

���� ��b  U9� �� ?/4 	�� `9P5�  �73
 1X2[ ?P7�� U/ U��� M��@ �
VW� �? %�
 ��� q�P_F D
�  D���   ��D/�3

��T F3. ��82 �. ��� �
� ����P� ��� I3 ��/�3� > ���! =�
_� � �
�W� 3�� ��T F3 B/� ?G�^3 .�5/.    	��D^ ?D"

��82 B/� �
VW� �=� 
��3� Z�P� ���. .�73  

  

5- j0�   

 ?" ?I�� �" U9�3  j��I �10�� 
�Q � 3� U�3�� >3� ?H5I Y�73�" �3�� ��. >�� >�3�"�� :��/  

- X%3 �3��") �D + R (��12 �5��A ��3 ?I��
� "
B 7 U/ �� U��� ��
S ! 73 .� ?D"   � ���DH�� �D;) 
D + R (

U��� �
VW� S� i 7 U/ �" 3�
S ! U�3�� �
VW� S� � �;�� 7
S ! � ��12 U��� �" 3�� �� .�>3��3 ?I�� �\2

�  BD/� 

��T F3. H�� ��[  � j�3B/� ��� I3�
 ��82. =� �
< � !�> ?H�� �� ��. �P". 2�3� �3�F  .�  

- ���� �3��") .D-R( �
�3:  �
VW��Q U��� 3� 7 �"
S ! � ��12� �� .�?" �/ ��b�
 �H�� �3�X� D-R �Q d �
� 

��� � ��12 3�� c5� �3�X� � ���� D-R ��12 �5��A �Q 73 �V3 .��� 3�B �����  � �D\2>3 D
�3: �
VW� �3(D^. 
 BD/� 

��T F3� . ��82. ?"  �3�5��Q d �
� ���54 B/� � =�
<  � � !�>��� I3� ?"  �3�5��Q �V355 ��   �D\2    	�D� ?D %�^ 

 .�73 

�82���� � 2 ?" ?I�� �"�z ?" ^��/
�. c�� j��
X� FDM 59� �
Q U ��� >�%.
 3 ?"�B  2
?0 �� 7�
S   3�D" ?D/. 

������ 7�/3 � 8"

S ! " ?I��
� 1 M@�� ?" ��.  ��/�3 �� �V]���� ����.  �D73�� f 2
 ?D0
    K�cD� g3� D�3

M@�� � ���hb3 ��. 7 ��HV
7�� �� B/� ��� ��82. M@�� � ��.  ���D5% � S��.  ��O�D2 �.   D�� BD/� ��� 

��T F3
.  >3 ���V]� �;��M@�� ��. ������ �!�> L�" 33 .�2�B  2
?0 /�a�    �DT� ?D/ �D73 �O >3
S ^
 ��^�D2�  �

7
�7� �" �3�3(^�� TE�
M 4"�5�  �" ?I��"
� 1. 3�" 3�. ���5% � S�� ��H8".
 /
c D
�     g3� D�3 ?D" � �DX% 
3�D� 

 �3(^. �� ���hb3 K�c� ;" �\2
�2�.  

���� ��b  j��I �� ?/10 	�� 	�3� ��12  ��82 B/� 
�73. ��
q�X  �"B/� =�
_�   D� �
VWD��   .��3(D^ ?D"  	�hD�
 

B/� ��T F3. ?"  �" ���B/� =�
_� � �
VW��  ��3(^� �
e
^�� ������ �!�> L�" � �3�5G �� 3��  .�5/   ?DI�� �D"

?"  j��I11��82 B/� 
. ?" ��� I3 B/� �" ���� � �
VW�� .��3(^ ?" 	�h�
 � 2�z ��82 B/� ?/ �3� ��12. ��   �D23��

3:%3 ?"�� �� ��T F3 B/�. �05� .��� 5e��

B ��T F3 B/��" . ��� I3 B/��  � ��D� I3 B/� q�HF�P ��    BD/� �D"

=�
_� � �
VW��  2�� .��3(^

?0 �? %� ��. �F ���q� � ��12� ���  ?/ ��D/�3  ��D82.  ��DT F3 �.  �
VW� >�D5� ���3(D^�B 

 U�3��EM ���� .�5 !� qhHF ?/ ��b :0� 
�� �/|�? �=� �
U   /�Da �D��  >3  QD�    D" �� �D�3� � BD��� m�D�I3
B 

> B/� ?/ �73 ��TTE ���! =�
_� ��  �23���Q !" U���
�� 7O
s (���  �D 2 Y�73�" .���"�
z    
�D�� 	��D^ ��

��82 ��/�3. ��T F3 �. �
VW����3(^�B ��3��� 3� ?/ �2� �523�� 3�". ������ �!�> L�" U91� �5��" >�7  �O �  ?D" 3�

.�519" ���G  

�X�[!� 3�B  �" ?P��_��;�� ��P��_� 3�" 
<H���. �� � 8" g������ 7�/3
 S D!  M@�D� �  �D�.  D5e�� � �O
B 

�5�23��. �� � ���=��� ��. '�� �� � �������9. c� C� E�
�   D@�" .��D" ��3�@�  >3 ?DH5I �D�.   3�D" BD9��. 

�X��?! ���H� 3�2 >3:  



72 /� �� ���� 	��� 
��
��� � �
��� ������14 	���� 
2 
�
�� �33 
 �� !"��1402 

• '�� 7�5�� :3�B  ?DP��_� >3 '��  Dc���  >�D%. � 59� D
Q �� UD �  >�D%.  3�D".  �D7�5���  05D7��H �3 �� 

M@�� ��. �� �" �V]����� 7�/3
S ! ��/ 	��c 73 .P��_�[ �
� !. ��3�" �.56 )2016(
 ?1X2�3��".   /��D1��  �

L�87 �" ?Ha�T��=� �3�3��  3�3�". �7�5��� ���3 � D�� �D5".  M@�D� �D�. �� D��3�. 7�/3
 S D!  �� D�Q  DP��I[ 

� 7���� >�" ���U ��" ��/ ?" .�2�7  ��2�G57 )2017( ?P��_� �� 
.3  >3�Q �����9 �=� D
U  �DT�
S  .�D
^   �D5G

P�
	�� 3�". >�3�"�� 1E"�V3� ��3� 73. ��.  }�ca� 3�" C� E�. X_5�[ R
��\2�� ��/ 	��c 73 	�/�2 .3�B  ��P��_�

'�� ��. �I�:;�5� 3�" 3�. �7�5��� >�3 ��"��  M@�D�  �D�.  �D����� 7�/3
 S D!   D� ��D12�  �D5�� �  D��  �D523�� 

59�
Q ��. c��� >�%.  ���U � >�%. 	��c 73 	�� �9� 3� ?P��_� ��
 U�55/. 

• M@���� :3�B ?P��_� �5G�B M@�� 3� ��  �� D7 �D�.  ��DT F3.
 >� �D! =�
 D_�
  ��D� I3� �  ��D82. 

�7�5��� ��/ .��P��_� ���; B9�� �73 �" M@����. C� E� :/�� � 	�� �5��" �� >3  n�G��DG �D�.  ���Dc �� 

3�". ? 7��5". �5��" 	��/ 	��c 73 �82O . �D��`  �23��D9�� �58 )2016(   
��D@ [DP��_� ��  D�Q  ?D2�^  D7�5�3� �  >3

7�/3 ����@
S ! M@�� � ��. 7��" Y�73�" ����3 �73�7 �� �82O� ����� �� ���1� �A TTE�� 3���0 ��/ �D2 .

?/ .�;�� [P��_� �� �3��9�� � j3�97��59 )2017 ( 
�2�3� L�023 >3�Q 057�\2� 2�8I� 3�". �7�5���  SD8� �D��B 

7�/3 ����@
� !� � ���3�� ��/ 	��c 73�2 o3�3 �" ?/[ VW� �82O
� ���3(^2� .3�B   D� ��D12 ��P��_�� �� D5�   ?D2�;G

n�G��G 	>�a � �� ��. �=� C� E�
U �� �523�� ?���0� ?" ��. ���c �� M@�� >3     � �N��DH� � �2�D� �D05� ��

S�3:%3�� "
B 7�/3 C� E� ����@
S ! �55/ ? !I�" 3� .�X��![ M@����. 	��c 73 	�� C� E� ��P��_� ��
 ��

�23�� ��	�^� 7�
4��. A��"�� 3� �� �" �V�� U�3������ 7�/3
S ! ��3 �
� H!2� ��� ?o3�3 �82O.  

• �? %� �� :3�B ?P��_� ��12 �3� ��/�3 ��82. � ��T F3.  �HD!2  ?D"  ��D/�3 >� �D! =�
 D_� �  ��D� I3
�  �
VWD� 

.� 1
" �� ������ 7�/3
S ! �2�3� .��P��_� ���; ? !" ?" 
:/��� '��7�5�� � M@�������1 B9�� �73  ?D" 

� 2�z ?"�1� �� ���c �� 7�
	� �5��" .[P��_� �
� � �3��9�� )2023 (7 �3� ��12
S ! ��. ��� I3�- ��D��/3�9�   ?D/

��� I3 j�T�3 � m�5��-����/3�9� ���3 �� 3��� � �3�F� �5��
 K�_P23 �Nh @3 �"3�" �� (������2  ����@ �\2>3 �

7�/3
� !� � 2�z � 8". �2�3� .����� �3��9�� � �N5 )2015 ( d� �3� ��D12 D

�  �"��D/.  D�>
B d� � D

�3�  � nO

3��
�� S8� ���B g�=� ��. > m�5� ��3� �7� >3� !� 7�/3 ����@ ���/ �
� !� F�� n�5I ��� 7O
� �5 !� .

3�B � ��12 ��P��_����5� ?2�;G �>
?5�� � ��	�^���. C� E� ���523�� ?" � 2�z ���c �� ��A��" g�=��� � � 2�z 

������ 7�/3
S ! �05� �2�� .�X��![ � 2�z ��P��_� C� E� �� �23�� ?" �7�5��� ���;�3 � d�

�3� �� <"3�� "
B 

������ 7�/3
S ! � g�=� ��. �O Q�/ �5/.  

• �
����� :3�B ?P��_� �
��851 ��/ ?/ �T�
S^
��^�2� � ����3� ���523�� >3 M@����. �7�5��� 	��  3�D". 

7�
^�� ?" �h91� 7�/3
S ! 	��c 73 �55/ .��P��_� ���; B9�� �73 Y�73�" � ?D %� �D�.  ��D@
  �h@3�D�  D�� 

��3� 73.��. ���c �� 3� �
��851 	��/ �5��" .7
Y�  � �23��9��60 )2019( ?P��_� �� .3 �=� >3 D
U  ��5D7��  3�D". 

7��"� S� � �N��H�3:%3�� "
B �}�ca >3 m�5� >� !� � K3��3 P7��[ 2�!23� �� �%O��X. "�5I�  	��c D73 ��/ �D2 .

 ��������;?/ . Y��1�/3� � �3��9��61 )2015 ( 
�2�3� L�023"�G��G�  3�D" 3�.   7�/3 ����D@ L�DR�3
 S D!  ��

O�%����5. �T�
S^
�. �� 3��N� 	�= � �
��851 ��/ .3�B ��P��_� ��12 �� ��5� ?/ ?2�;G ��� �D���9.  CD� E� 

������ 7�/3
S !
 �� 23��5� �
�����. ���c �3� � 3�". 7
�7� �3(^. � �/�a
� ? �3� ��"5� �  ?D2�;G  ��5D7���� 



������� �
�� ������� ������� �����
 ���� ��� �� ��  !�"#�� �����!�$� "
!� ��%�  �&#'�! ��% � /���(�  !��) B���$'� � /73 

� n�G��G �� �� �523�� ?" |. ��Pc2 Q�/ �55/ �� �
e
^�� ���G ��. ������ 7�/3
S ! 3� 3����  �D55/ .�X�� D![ 

�
�����. ��P��_� C� E�
 �� �23�� "
15�  3��� A��"��9�3 057� � 1E"�V3� �������9.  CD� E�  3�D".  �D����� 

7�/3
S ! ?o3�3 ���. 

 

6- #C/@T R/�� 

3 ���B  >3 ?P��_��Q >�% ?7 n�G��G. 	�� 	��c 73   �� .�73>�% M@�� 
j�3 ��.  �D� �" <H��� C� E����� 

�!�> L�" �7�5��� 7��" �" �� �����  �� �D82 
��7�5���/ �\2 ���  D��  �D�2�.  �� >�D%    >3 	��c D73 �D" 
L��FDM
 

S8� ���B M@��  >3 B/� �� �� ��EM ?H�� �5". 	��  �� .�23>�% �� >3 
L�7���9 U ��� >�%.  3�D". �=� D
U  
��D/�3 

3�". ��3 g��
�  �82O �3�". ������ �!�> L�" _"3� � 	��c 73[ ��� � ���P�� "
B 3 U�3�����0 �� ���.  

:0��? �=� �
U ������ �!�> L�" 59� �"
Q U ��� >�%. ��82 B/� ?/ �3� ��12
. �
VW��3 �I � .�8��  3�  �D"

;��� ��/�3 �7�5���  .��3� 	��B
5e��
 ��T F3 B/� ?/ �� ME1�. ���
B �
VW� U����3(^  .�D73    >3 	��c D73 �D"

FDM
 ?"  ���
s M@�� .�� ���5% � S��. ��O�2 �. ?" S8� �3�5� ���B M@�� �� ��T F3 B/� ��.
 M@��   .�D�

/
c
� cT� 
3��[
 	�8" � �2��!� ��. ��23. =� B/� ��
< >��!M@�� 
  .��  ��hD7 
�DX%
 3� D5�� 5�3 � D
�  ��

B/� ��� I3�  �M@��  .�� K�c� g3� �37 ��HV � ���hb3
7��  ��D82 B/� ��
.  SD8�    B����3(D^�
VW� � B��D�

M@�� .�� ������ �!�> L�" 	�� ���7�5�   .�23  

>3 ��O�2. ��. 3�B ?P��_� ?/ ����: F�
Z � 5���� 3� "
B 3�B ?P��_� � �� P��_�[ <H��� ���;. 3���0  D��  �D5/
 

� [o3�3Q n�G��G s7�5� 3�". �=�
U ������ >��!L�"
 5e��
B /��
s �������9. c��� >�%. � ��U �  >�D% .

�73 ?/ �� �>
5[ ������ 7�/3
S ! ?23��O�2 f�73 >�3� ��9�3 �7�5��� � ���3�� �5". M@�� �� 3� S�3�% �� �5/ .

>3 ���; ��O�2. ��. 3�B 
����� 	��c 73 >3 ?���0���. >�%. 3�". ?�"�X� �" L�8"3 �\2 .�D�  ��D7�5���/ � /�� D
s 

Z_5� >�%. �73f >�3� 	��c 73 >3 Z_5� >�%. �� �������9 �� �23�� ?"  j�D 5/  L�D� P_F D
� �   ��DH2 �DF�  D�3|� �� 

�7�5��� � ���3�� �5". M@�� ��. ������ 7�/3
S ! Q�/ �5/ � ?" � 2�z F�
Z �D� �  BiD�_�  .�D�  �D05�  ��D� .

 2��

?0 �" �7�5��� � ���3�� �5". S8����B M@�� 
�� �������9 �� �523�� ?" ��H8" 1E"�V3� ������ 7�/3
 S D! 

Q�/ �55/f >�3� �T�
S ^
��^�2� �� �523�� 4"�5� � 'h� ��. ��@ 3� �" 	>�a ���� :/�� � �55/ ?/ "
� 1�B ��3
� 

3� �2�3� .5e��
B 	��c 73 >3 M@�� �� � �������9. 	����3�2� 73
 ��9�3 �X��![  D"
B 7�/3
 S D!  �D�.  CD� E� 3� 

S�3�% �� �5/ � "
�5 ���� 3� ��A��" ���H� �� � ���c� �� �� 2
��>�. ����� � �82O ?o3�3 �� ��� . ?D"  	�hD�  LhP D73 

�\2 ��7�5���/ ��A��" P�

B <"3�� U"�X � "
B ��/�3 ������ >� �D! L�D" �  	��c D73 >3  	�^�D��  .�D�  ��D7�5���/ � 

��;123�
�� 3�". �7�5��� S8����B � VW�
���3(^��B M@��  ��. ������ >��! L�D"
 >3 �� D;�  ��O�D2.  �D�. 3 D�B 

����� �73.  

�� ��a�  ?/ �7�5��� � ���3���5". M@����. ������ 7�/3
S ! �"  	��c D73 >3 ��� �D���9.  Dc���  >�D%. � 

��U � >�%. �� �23�� 3:���. ��P �. ? �3� 
���" ���=������� 2
: 3�". X=�
Z ��I� ��3� .3 D�B  ���D=��� �D� 

���H� 3�2 >3:  



74 /� �� ���� 	��� 
��
��� � �
��� ������14 	���� 
2 
�
�� �33 
 �� !"��1402 

• �3�P� ��TTE � �/��	�55/ :?G�^3 �� 3�B ?P��_� �3�P� �8I�� ��@�� >3  sa�D6 �3�D\2 �  ��DTTE � 

3�". u7�� ?" �7�� ?��2�� �/�� 
�5 �3� �" 3�B j�a �3�P� ���=� ��TTE � ���23�� ?" ���=��� ��9�3  D�P�
S 

� 2�z �05� ��� .�� ���6 3:%3��  �3�DP� � ��  Y� D7�  ���D"  
��DTTE � '�� � ?DG��{9  D��  �D23��  ?D" �3�D5� 

"�G��G� 3�". P7��[ :0��? � �=�
U�� U�� �5/. 

• ^�7
�. ��^�H@ :� 2�z ?P��_� B9�� �73 �=� VW�
� �\2�� � ^�7
�. ��. ��7�5���/ ^��
� �� O�%� �D5 

�7�5��� � ���3���5". M@���� �3�F ^
��. 

• 5�3�[ ���=� :���=�A ?P��_� B9�� �73 ?" �Q 7�/3
S ! �� X_5�[ *�@ ���=�  ��D� �  M@�D� �D�. 

�7�5��� 	�� qN�� a3 3�". �;�� 7�/3
S !�� �� Zb�5� 3�I3�2�� ���H2 .Y�73�" <"3��  �D��� ��D�P��  D"
B  ��D/�3 

?P��_� 	��
 �� �3�� �" 	��c 73 >3 �Q 2��2[ ��:" 
�� �Q ��%
? 3� '� !^ �3� � 057��H �3� '3 ��/  . 

• �3�X% 	�3� ��. "�0�� :�7�5��� � ���3�� �5". M@�� �� B9�� �73 Y�73�" �\2.�� ��TTE �  �D��" 

�� 	�3� ��. "�0�� ?/ �� �23�� ?" ���wF ��. 5�|� �05� ���. 

• ���G ��. 4�I ��O. 	�3� �� :4�I ��O. 	�3� �� �" M@�� ��. �7�5��� 	��
 B9��  �D73  ���DG ;23�" D
: 

���"f ?" ��	� �� 7�/3
S ! ���� �" 4"�5� ���=� �� �I�� ?/ 	�3� �� �/
n� 3�2. 

• �
e
^�� �������9 :�������9. c��� >�%. � ��U � >�%. B9�� �73 �
e
	� �5��" � 3�". � D
	��  >�D7. 

?" �_7 N�"�� >3 MTE� 2
>� �2�3� ?/ �� �23�� ��"��/ �82O 3� �� @�"� �>
?5 �� ���=� �5/. 

3�". 4%� 3�B ���=����� � �
��H1 "
� 1 X=�
Z �� 3�B �>

?5 @�"� >3 �
��851.�� O�	�5 �� �23�� U��� ��3�� 

>�� ���": 

- �/��1� "
� 1 |.��Pc2 :	�h� �" 
��7�5���/ �/��1� �;�� |. ��Pc2
 �52�� 4�3�I �=��
  ���>�D7  �D�. 

R
 ����� � ���>�7 ��.  ���� ��  �D23�� � D�	�^�  �D�.  ��D5 �� 3� �� A��D"  �D����� 7�/3
 S D!  ?Do3�3 �  ���D1�
� 

M@�� ��. �7�5��� 	�� 3� 3:%3�� ���. 

- 	��c 73 >3 	�3���. "�0�� :��2�05^ 	�3���. "�0�� �� �7�5��� � ���3 D�� �D5".  M@�D� �D�  D��  �D23�� 

�
5
� � 2�z 3� 3:%3�� ���. 

- ��>O�� M@����. �7�5��� 	�� :��>O�� M@����. �7�5��� 	�� �� U�� �� �23�� "
 D15�   ?D" 4DI3� 

1E"�V3� � ~�H��3 �82O ?o3�3 ��� � ?" �h63 � ��H8" �����9 Q�/ �5/. 

- 	��7 >�7. �������9 :	��7 >�7. �������9. c���  >�D%. � �� UD �  >�D%. � ��  Y� D7�   �D� ���D/  �D82O
 

�� �23�� (��'� � ��"��/ O82� 3� �� b
C 7�
4 ��. >3 �>
?5 �� 3:%3�� ���. 

- >�3�"�� VW�
� :>�3�"�� VW�
� M@�� ��. �7�5��� 	�� �" � 2�z ������ 7�/3
 S D!
  ��3�D�. >3  D1E"�V3� 

�82O 3� ?o3�3 �� ��� � ?" ��H8" �
	� ��. ������ 7�/3
S ! Q�/ �� �5/.  

��H�/ ���7�? �3(^.  �?I��" ���5% � S�� �� 
.��T F3 �N�=�. Pw� 3�
C 	��/   �D73f  3�"�D5"�
B  �D���   �D�

�"�� 3���< ���!�. �b>3 3��Z ���5% � S��. 7 �
�7� ��. ��O�2. 3���0 � �� �
B   D6�T@ �DE" j�a�   ?D" 3�

��O�2.
 (� � y�H_23�'� �1��Z .�55/ S� ���� 
���> �" �� D��  �D"  Da3�b� 7�/3
 � D!�  ���D7�?  �3(D^.    ?D/ �D55/

���7�? �3(^. ���5% � S�� ��. 8!� 3�
U �� �5/f ?" ?2�^ 3.  ?2 ?/  �85�m3�"3 �!� 3��4     ��O�D2 �D�� 	>�DI3 
�D5/.  �D� 



������� �
�� ������� ������� �����
 ���� ��� �� ��  !�"#�� �����!�$� "
!� ��%�  �&#'�! ��% � /���(�  !��) B���$'� � /75 

�7�4 �� .�2�� �3>�" ��3� 	3� Ua ��. �
��851. 3�". ��H8" M@�� ��. >��! =�
 D_�  / �D52��
c D
�   3:D%3 
3�D��� 

���
� �@�7 ��. �0��(���� ��23 �. ?%�6 
g�� �I�� 	�8" � ��. ��23 � .U�a    D=� �D" ��^>�D7 UX2�
< >� �D! 

��� I3 B/� �� .�73
� 5 3�" �V]� 	3�.  ��D8I �� �X% ���/
   3�DI3 � ?PD7��. 7
 �D7�   ?D��2�" � �D�  �D�.   �D��

��T F3. �7�4 �� ��
�3� 3���0 7� 7� ��H8" ��    PD7�� 
UR�D1� ?D"[  ��D��0� 7
 S D!  �D�. ��a D��  ��D� I3�  �

7� 7�� ���5% ?". ��O�2 �. ��
"  	�� �73. 5e��

B ����  � �� �D;�� |. ��DPc2 �" D��  ?D"   �� D!� ��Db
   sDF3��

�3�_@� 5�3 ?/ �5��"
�  ��5/�7 � >�Da ��8G �� 3� ��123�2��8�A  5�3 4b�DX � D
� %
:� D9�
 ��0
 
j�D   ��DT F3.  �

��� I3� �8��� �� .�5/ ��82 B/� ��. X%��
� 3�I3 U�3��.  %�cD�
� 	�3�  �D�.  >�D"
   ?DH5I U��D�  �D�. 7
 D7��  �

2�2�F�?H5I 
 ��. 5%� >�3 ��"�� ^���O� � �
�%�1 �73. 

  
References 
 

Alfsen, K. & Greaker, M. (2007). From natural resources and environmental accounting to 
construction of indicators for sustainable development. Ecological Economics, 61(4), 600-610. 
https://doi.org/10.1016/j.ecolecon.2006.06.017. 

Anastasiadou, K. Gavanas, N. Pyrgidis, C. Pitsiava-Latinopoulou, M. (2021). Identifying and 
Prioritizing Sustainable Urban Mobility Barriers through a Modified Delphi-AHP 
Approach. Sustainability. 13(18), 10386. https://doi.org/10.3390/su131810386. 

Bui, T. D., Tsai, F. M., Tseng, M. L., & Ali, M. H. (2020). Identifying sustainable solid waste 
management barriers in practice using the fuzzy delphi method. Resources, Conservation and 

Recycling, 154(4), https://doi.org/10.1016/j.resconrec.2019.104625 

Calicioglu, Ö. & Bogdanski, A. (2021). Linking the bioeconomy to the 2030 sustainable development 
agenda: Can SDG indicators be used to monitor progress towards a sustainable bioeconomy? New 

Biotechnology, 61(6), 40-49. https://doi.org/10.1016/j.nbt.2020.10.010. 

Cameron Devitt, S.E., J. R. Seavey, S. Claytor, T. Hoctor, M. Main, O. Mbuya, R. Noss, C. Rainyn. 
(2012). Florida Biodiversity Under a Changing Climate. Florida Climate Task Force. 

Chen, T. & Lin, C. (2022). An FGM decomposition-based fuzzy MCDM method for selecting smart 
technology applications to support mobile health care during and after the COVID-19 pandemic. 
Applied soft computing, 121(1), 108758. https://doi.org/10.1016/j.asoc.2022.108758. 

Choi, H.C. & Sirakaya, E. (2006). Sustainability indicators for managing community tourism. 
Tourism Management, 27(6), 1274-1289. https://doi.org/10.1016/j.tourman.2005.05.018. 

Doody, D. & Kearney, P. & Barry, J. & Moles, R. & O'Regan, B. (2009). Evaluation of the Q-method 
as a method of public participation in the selection of sustainable development indicators. 
Ecological Indicators, 9 (6), 1129-1137. https://doi.org/10.1016/j.ecolind.2008.12.011. 

Dormoy, C. & Lavoux T. (1998). Testing United Nations Indicators of Sustainable Development - 

Report produced by France: Summary of results. Institut Francais De L'environnement. 

Ebrahimi, S. & Bridgelall, R. (2021). A fuzzy Delphi analytic hierarchy model to rank factors 
influencing public transit mode choice: A case study. Research in Transportation Business & 

Management, 39, 100496. https://doi.org/10.1016/j.rtbm.2020.100496. 

Eustachio, J. Caldana, A., Liboni, L. & Martinelli, D. (2019). Systemic indicator of sustainable 
development: Proposal and application of a framework. Journal of Cleaner Production, 241, 
118383. https://doi.org/10.1016/j.jclepro.2019.118383 

Fareg, F., Zare Mehrjerdi, T., Saleh Owlia, M. (2023). Investigating the factors affecting customer 
satisfaction using fuzzy Delphi and system dynamics approaches. Production and Operations 

Management University of Isfahan, 13(4), 2423-6950. 
https://doi.org/10.22108/pom.2022.133407.1440. 



76 /� �� ���� 	��� 
��
��� � �
��� ������14 	���� 
2 
�
�� �33 
 �� !"��1402 

Fraser, E., Dougill, A., Mabee, W., Reed, M. & McAlpine, P. (2006). Bottom up and top down: 
Analysis of participatory processes for sustainability indicator identification as a pathway to 
community empowerment and sustainable environmental management. Journal of Environmental 

Management, 78(2), 114-127. https://doi.org/10.1016/j.jenvman.2005.04.009. 

García-Melón, M., Gómez-Navarro, T. & Acuna-Dutra, S. (2012). A combined ANP-delphi approach 
to evaluate sustainable tourism. Environmental Impact Assessment Review, 34, 2012, 41-50. 
https://doi.org/10.1016/j.eiar.2011.12.001. 

Golusin, M. & Ivanović, O. (2009). Definition, characteristics and state of the indicators of 
sustainable development in countries of Southeastern Europe. Agriculture, Ecosystems & 

Environment, 130(1–2), 67-74. https://doi.org/10.1016/j.agee.2008.11.018. 

Gomes, L., Facin, A., Leal, L., Zancul, E., Salerno, M. & Borini, F. (2022). The emergence of the 
ecosystem management function in B2B firms. Industrial Marketing Management, 102(2), 465-
487. https://doi.org/10.1016/j.indmarman.2021.12.015. 

Hak, T. Kovanda, J., Weinzettel, J. (2012). A method to assess the relevance of sustainability 
indicators: Application to the indicator set of the Czech Republic's Sustainable Development 
Strategy. Ecological Indicators, 17(2012), 46-57. https://doi.org/10.1016/j.ecolind.2011.04.034. 

Hosseini, S., Paydar, M. M. & Hajiaghaei-Keshteli, M. (2021). Recovery solutions for ecotourism 
centers during the Covid-19 pandemic: Utilizing Fuzzy DEMATEL and Fuzzy VIKOR methods. 

Expert Systems with Applications, 185(6), 115594. https://doi.org/10.1016/j.eswa.2021.115594. 

Iqbal, A. Abdullah, Y. Nizami, A.S. Sultan, I.A. Sharif, F. (2022). Assessment of Solid Waste 
Management System in Pakistan and Sustainable Model from Environmental and Economic 
Perspective. Sustainability, 14(19), 12680. https://doi.org/10.3390/su141912680. 

Jindal, A. Sharma, S. K., Sangwan, K. S. & Gupta, G. (2021). Modelling Supply Chain Agility 
Antecedents Using Fuzzy DEMATEL. Procedia CIRP, 98(2), 436-441. 
https://doi.org/10.1016/j.procir.2021.01.130. 

Kondyli, J. (2010). Measurement and evaluation of sustainable development: A composite indicator 
for the islands of the North Aegean region, Greece. Environmental Impact Assessment Review, 
30(6), 347-356. https://doi.org/10.1016/j.eiar.2009.08.006. 

Kotwal, P.C. Omprakash, M.D. Sanjay Gairola, Dugaya. D. (2008). Ecological indicators: Imperative 
to sustainable forest management. Ecological Indicators, 8(1), 104-107. 
https://doi.org/10.1016/j.ecolind.2007.01.004. 

Kuzu, A. (2021). Risk analysis of break-in-two accident of ships using fuzzy DEMATEL method. 
Ocean Engineering, 235(3), 109410. https://doi.org/10.1016/j.oceaneng.2021.109410. 

Law, E. A., Bryan, B. A., Meijaard, E., Mallawaarachchi, T., Struebig, M. J., Wilson, K. A., ... & 
Possingham, H. P. (2017). Ecosystem services from a degraded peatland of Central Kalimantan: 
implications for policy, planning, and management. Ecosystem Health and Sustainability, 3(6), 1-
17. https://doi.org/10.1890/13-2014.1. 

Lawshe, C. H. (1975). A quantitative approach to content validity. Personnel Psychology, 28(4), 563-
575. https://doi.org/10.1111/j.1744-6570.1975.tb01393.x 

Lin, C.J. Belis, T.T. Caesaron, D. Jiang, B.C. Kuo, T.C. (2020). Development of Sustainability 
Indicators for Employee-Activity Based Production Process Using Fuzzy Delphi 
Method. Sustainability, 12(16), 6378. https://doi.org/10.3390/su12166378. 

Liu, C., Tzeng, G., Lee, M. (2012). Improving tourism policy implementation – The use of hybrid 
MCDM models. Tourism Management, 33(2), 413-426. 
https://doi.org/10.1016/j.tourman.2011.05.002. 

Liu, F. Dai, E. Yin, J. (2023). A Review of Social–Ecological System Research and Geographical 
Applications. Sustainability, 15(8), 6930. https://doi.org/10.3390/su15086930. 

Maes, J., Liquete, C., Teller, A., Erhard, M., Paracchini, M. L., Barredo, J. I., et al. (2016). An 
indicator framework for assessing ecosystem services in support of the EU Biodiversity Strategy to 
2020. Ecosystem Services, 17(2016), 14-23. https://doi.org/10.1016/j.ecoser.2015.10.023. 



������� �
�� ������� ������� �����
 ���� ��� �� ��  !�"#�� �����!�$� "
!� ��%�  �&#'�! ��% � /���(�  !��) B���$'� � /77 

Marlina, E., Hidayanto, A., & Purwandari, B. (2022). Towards a model of research data management 
readiness in Indonesian context: An investigation of factors and indicators through the fuzzy 
delphi method. Library & Information Science Research, 44(1), 101141. 
https://doi.org/10.1016/j.lisr.2022.101141. 

Meffe, G., Nielsen, L., Knight, R., Schenborn, D. (2002). Ecosystem Management: Adaptive, 

Community-Based Conservation. Bibliovault OAI Repository, the University of Chicago Press. 

Mirosław-Świątek, D., Popielski, P., Śliwiński, P., Cwalina, T., Skutnik, Z. (2021). Analysis of 
factors influencing levee safety using the DEMATEL method. PLOS ONE, 16(9), e0255755. 
https://doi.org/10.1371/journal.pone.0255755. 

Mistry, J. & Berardi, A. (2016). Bridging indigenous and scientific knowledge. Science, 352(6291), 
1274-1275. https://doi.org/10.1126/science.aaf1160. 

Muñoz Diaz, M., & Pineda, S., & Morales, J.M. (2022). A bilevel framework for decision-making 
under uncertainty with contextual information. Omega, 108(3), 102575. 
10.1016/j.omega.2021.102575. https://doi.org/10.1016/j.omega.2021.102575. 

Olugu, E., Mammedov, Y. D., Ee Young, J. C. & Yeap, P.S. (2021). Integrating Spherical fuzzy 
Delphi and TOPSIS technique to identify indicators for sustainable maintenance management in 
the Oil and Gas industry. Journal of King Saud University - Engineering Sciences, 10.1016. 
https://doi.org/10.1016/j.jksues.2021.11.003. 

Opricovic, S. & Tzeng, G. (2003). Defuzzification within a Multicriteria Decision Model. 
International Journal of Uncertainty, Fuzziness and Knowledge-Based Systems, 11(5), 635-652. 
https://doi.org/10.1142/S0218488503002387 

Padilla-Rivera, A., do Carmo, B.B.T., Arcese, G., Merveille, N. (2021). Social circular economy 
indicators: selection through fuzzy Delphi method. Sustain. Prod. Consum, 26(2021), 101–110. 
https://doi.org/10.1016/j.spc.2020.09.015. 

Pascual, U., Balvanera, P., Díaz, S., Pataki, G., Roth, E., Stenseke, M., et al. (2017). Valuing nature's 
contributions to people: the IPBES approach. Current Opinion in Environmental Sustainability, 
26-27(2017), 7-16. https://doi.org/10.1016/j.cosust.2016.12.006 

Ruckelshaus, M., McKenzie, E., Tallis, H., Guerry, A., Daily, G., Kareiva, P., et al. (2015). Notes 
from the field: lessons learned from using ecosystem service approaches to inform real-world 
decisions. Ecological Economics, 115(2015), 11-21. 
https://doi.org/10.1016/j.ecolecon.2013.07.009. 

Sarmad, Z., Bazargan, A., Hejazi, E. (2007). Research methods in behavioral science. Tehran: Agah 
press. 

Schaafsma, M., Eigenbrod, F., Gross-Camp, N., Hutton, C., Nunan, F., Schreckenberg, K, et al. 
(2021). Trade-off decisions in ecosystem management for poverty alleviation. Ecological 

Economics, 187(C), 107103. https://doi.org/10.1016/j.ecolecon.2021.107103. 

Shen, Y. C., Chang, S., Lin, G. T.R., Yu, H. (2010). A hybrid selection model for emerging 
technology. Technol Forecast Soc Change, 77(1), 151–166. 
https://doi.org/10.1016/j.techfore.2009.05.001. 

Singh, P.K., Sarkar, P. (2020). A framework based on fuzzy Delphi and DEMATEL for sustainable 
product development: a case of Indian automotive industry. J. Clean. Prod, 246(2020), 118991. 
https://doi.org/10.1016/j.jclepro.2019.118991. 

Sitas, N., Harmackova, Z. V., Anticamara, J. A., Arneth, A., Badola, R., Biggs, R.,et al. (2019). 
Exploring the usefulness of scenario archetypes in science-policy processes: experience across 
IPBES assessments. Ecology and Society, 24(3), 35. https://www.jstor.org/stable/26796993. 

Song, J.Y. Chung, E.-S. (2017). A Multi-Criteria Decision Analysis System for Prioritizing Sites and 
Types of Low Impact Development Practices: Case of Korea. Water, 9(4), 291. 
https://doi.org/10.3390/w9040291 

Spangenberg, J. H. (2002). Environmental space and the prism of sustainability: Frameworks for 
indicators measuring sustainable development. Ecological Indicators, 2(3), 295-309. 
https://doi.org/10.1016/S1470-160X(02)00065-1 



78 /� �� ���� 	��� 
��
��� � �
��� ������14 	���� 
2 
�
�� �33 
 �� !"��1402 

Tseng, Y., Huang, Y., Li, M. & Jiang, Y. (2022). Selecting Key Resilience Indicators for Indigenous 
Community Using Fuzzy Delphi Method. Sustainability, 14(4), 2018. 
https://doi.org/10.3390/su14042018. 

United Nations. (2001). Indicators of Sustainable Development: Framework and Methodologies. New 
York 

Vaishnavi, V., Suresh, M. (2020). Assessment of healthcare organizational readiness for change: a 
fuzzy logic approach. J. King Saud Univ. - Eng. Sci, 34, (3), 189-197. 
https://doi.org/10.1016/j.jksues.2020.09.008. 

Wang, R. (2022). Fuzzy-based multicriteria analysis of the driving factors and solution strategies for 
green infrastructure development in China. Sustainable Cities and Society, 82(3),103898. 
https://doi.org/10.1016/j.scs.2022.103898. 

Zhang, C. Tang, L. Zhang, J. (2023). Identifying Critical Indicators in Performance Evaluation of 
Green Supply Chains Using Hybrid Multiple-Criteria Decision-Making. Sustainability. 15(7), 
6095. https://doi.org/10.3390/su15076095. 

 

                                                             
1 Ecosystem Management 
2
 Gomes et al. 

3 Schaafsma et al. 
4 Multi-Criteria Decision Making 
5 Chen and Lin 
6 Decision-Making Trial and Evaluation Laboratory 
7 Hosseini et al. 
8 Muñoz Diaz et al. 
9 Fuzzy Delphi Method 
10 Fareg et al. 
11 Marlina et al. 
12 Bui et al. 
13 Cameron Devitt et al. 
14 Meffe et al. 
15 Padilla-Rivera et al. 
16 Vaishnavi and Suresh 
17 Olugu et al. 
18 Singh and Sarkar 
19 Kuzu 
20 Jindal et al. 
21 Lin et al. 
22 Wang  
23 Anastasiadou et al. 
24 Zhang et al. 
25 Iqbal et al. 
26 Calicioglu and Bogdanski 
27 Eustachio et al. 
28 García-Melón et al. 
29 Liu et al. 
30 Hak et al. 
31 Kondyli 
32 Doody et al. 
33 Golusin and Ivanović 
34 Kotwal et al. 
35 Alfsen and Greaker 
36 Fraser et al. 
37 Choi and Sirakaya 
38 Spangenberg 
39 United Nations 
40 Dormoy and Lavoux 
41 Tseng et al. 
42 Ebrahimi and Bridgelall 



������� �
�� ������� ������� �����
 ���� ��� �� ��  !�"#�� �����!�$� "
!� ��%�  �&#'�! ��% � /���(�  !��) B���$'� � /79 

                                                                                                                                                                                              
43 Simple Center of Gravity Method 
44 Padilla et al. 
45 Shen et al. 
46 Opricovic and Tzeng 
47 Network Relationship Map 
48 Sarmad et al. 
49 Content Validity Ratio 
50 Content Validity Index 
51 Lawshe 
52 Influential Relations Map 
53 Mirosław-Świątek et al. 
54 causal variable 
55 an effect 
56 Mistry & Berardi 
57 Song & Chung  
58 Maes et al. 
59 Pascual et al. 
60 Sitas et al. 
61 Ruckelshaus et al. 



80 / �� ��	
� ��	� 
������ 	 ����� ������14 ����� 
2 
����  33 
 "�#$%��1402 

����� 1  

��	�
��
 ����� 	��� 	� 	� ��� ���	�� �������� 

�% &�� '() 	 *�+  

,��+�#-+ .% ��/0� '�12+ 3�	
�  �� 4�5��+ �% 6�+�� �78� �% ��9� :+ ��;%+ ������ )�<+�
=#$ :+ ��;��>-  .% "+�0� 

�9 
��5? �@�A�  � ��� �% �� �/2 B#C�D E�� F�AG� .< H)�� .% +�B )8I+ �)+ »������ :��$ '�% .K 

	�D
  �� � ��+� 	 )��)� ��L M%�0N O5��� �% +���1 	 PQ- ������ :��$ '�% .2�RK I���C �0%L �  �2��S« �% 

U+�+N �/2�� 	 ����M03L�� �0��:�+ 
��? �� +� �� '�12+ .K�� �#M% +�B 
.;��V� ���L ���C���.  

����3�� :+ IW% .X�� 	 "��: �% �:�+  .< E�Y  � 
������C .2����Y L�+ZR)�[)  � ���.  

  

����� ������ �!"#  

�?]�B ^��� _G��� :  #��N  __a�:  

X��N  ���:  ��"+Z A%�)N ��<:  

 

  
���$� 

���	���  
���	���  %����  

�� 

�����  

���$� �� 

�����  

&'� - �� 
��) 
� ��� »+�,�-�.« ���	�� 0��� 12�� ����� 	��3 0� �����$�. 0�	 �$ 456� !���:  

1. 2+�)N ����� b��?�2 �� 
 ����
� c%�0� 5d�;  �1��W���� 	 

�1��W��2���  
o o o o o 

2. R2�RK  6�- 	 6A2 )�?+�  /%�B ����+ (  o o o o o 

3. ��"+Z ���)�. �+WDL  o o o o o 

4. ��g��� 	 ;)��N ��_#h+L
 ��57 ��� 
 ��"+Z R#$%+	  ��_#h+L  o o o o o 

5. �	]�2L /W��j� 	 ���Q#)+ :+ �	�0CL ��L �X��  o o o o o 

6. ��#?�) �����L /��#?�) ��_#h+L ���� 	 ;)��N ����+�  o o o o o 

7. ��M% �	L c%�0�  o o o o o 

8. =�� 	 �	�0CL
 =�� +�%L ;)��N ����+�  o o o o o 

9. ��"+Z +�+� � ��L ����  ����+�  o o o o o 

.n2�0K �/2:+ ��� ':o �)+ ����#<�CL ���RL  )��% ��� .< �� p�C .% "] 

����+ ��32 
�)+ �� :�� .C�@+ 0<��:  
  

7- �� 
��) 
� ��� »0��� 8��9#« ���	�� 0��� 2�� ����� 	��3 0� �����$�. 0�	 �$ 456� !���:  

10. <�Q�� 	 �<�� *] 6%�h *��  o o o o o 

11. <�Q�� +�� 	 ��3#2+ ��:�DL .2�a�D+L 	 �a��q oN� ":+  o o o o o 

12. Q_�N� .��%: )*] 	 .��%:��L ���X(
 r�2 ��Q#)+s 
��1� :�%��C�  o o o o o 

13. ��M%�	L t�2+L
 E�_� ����+� t�2+L  o o o o o 

14. ������ c%�0� �1��W���� 	 �1��W��2���  o o o o o 

15. I�#0< �K��[gN D���]   o o o o o 

16. ��"+Z �a��q )�<+�=#$ 	 u����+� *] 	 +�� � 2�MX   o o o o o 

17. �v�Q- :+ w�0� :�#$   o o o o o 

   



���!"#� �':� :���!�. 4 �"��. ��	��� ���0 2�� :$ 0� ;+�<��� �����+	=. <'+# 0�>.  :����+ 0�> . /#��@$ ;+�0A B�$�=�� : /81 


C
�!D 	E
0� ��" 20� ��� ��$����>. +�	F. �$	�# +�" 
� $+ G�> 
� 

BA ;$�"� ;�6
 1��� $+ 0�	 
>�@� !���.  

I- �� 
��) 
� ��� »������#« ���	�� 0���12�� ����� 	��3 0� �����$�. 0�	 �$ 456� !���:  

18. 
��() ��+�M% 	 "����  o o o o o 

19. R2�RK  :���c 
��]�� �AC  o o o o o 

20. 
I�u#�+ ;)��N 2�	�L ��<  o o o o o 

21. 
j:��] ��D]  ����    o o o o o 

22. ;�X�� 	 r�2 ��� ;�X��  o o o o o 

23. <�Q�� D�2: 
 ��"+Z 
��C� ��"+Z ��C� ��_#h+L  o o o o o 

24. r�2 '�X  o o o o o 

25. �%+�%L
 '�1$2+ ���#X+   o o o o o 

26. �%+�%L $0X�# 
 �<��3� "�2:  o o o o o 

27. ��x+� R0��C  	 j:��] R0��C   o o o o o 

28. +�0�  	 0�+�� .;��X  o o o o o 

29. r�2 ��X�M�  o o o o o 

.n2�0K :+2�/ ��� ':o �)+ ����#<�CL ���R���  )��% L .< �� p�C  "] .%

 ��32 ����+�)+
 �� :�� .C�@+ .��0<  
  

�- �� 
��) 
� ��� »+�K
.« ���	�� 0��� 2��1 ����� 	��3 0� �����$�. 0�	 �$ 56���!� 4:  

30. )��)��� 	 
�+��A� +�X+L )�
�)� ��X	 O? 3�  	 *�K��K 

2�2�h   
o o o o o 

31. .% ^+�#�+ �+WDL E�Q� 
���(d+ c�X�	]L h��F ��+���  o o o o o 

32. �<��3� ����  	 )�)�   o o o o o 

33. g3��6 ����M2L �hL
 *�K��K��L ��M2L 	 2�2�h   o o o o o 

34. ;)��N C�v�
� C�v��:�)L  o o o o o 

35. �G��= ��  o o o o o 

36. ��57 )�)�   o o o o o 

.n2�0K �/2:+ ��� ':o �)+ ����#<�CL ���R���  )��% L .< �� p�C  "] .%

�)+ ��32 ����+
 �� :�� .C�@+ .��0<  
  

 

  

    



82 / �� ��	
� ��	� 
������ 	 ����� ������14 ����� 
2 
����  33 
 "�#$%��1402 

����� 2  

��	� ��
M �N����� �:0# �$	�# �O)�	 	��3 0� +���� ���	�� 0��� 2�� 	� ��=�	F 

�% &�� '() 	 *�+  

,��+�#-+ .% ��/0� '�12+ 3�	
�  �� 4�5��+ �% 6�+�� �78� �% �� :+ ��;%+ ������ )�<+�
=#$ :+ ��;��>-  .% "+�0� 

�9 
��5? �@�A�  � ��� �% �� �/2 B#C�D E�� F�AG� .< H)�� .% +�B )8I+ �)+ »������ :��$ '�% .K 

	�D
  �� � ��+� 	 .K �y7��+�  �% ��g��R �2�+�S« �% U+�+N �/2L�� �0��:�+ 
��? �� +� �� '�12+ .K�� �#M% +�B 


.;��V� ���L ���C���.  

����3�� :+ .X�� 	 "��: �% �:�+  .< E�Y  � 
������C .2����Y L�+ZR)�[)  � ���.  

  

����� ������ �!"#  

�?]�B ^��� _G��� :  #��N  __a�:  

X��N  ���:  ��"+Z A%�)N ��<:  

  
  B:�� �O)�	  �O)�	  �P# ��  �O)�	 ��  �O)�	 0�+�  �O)�	  �P# 0�+�  

��B�Q �O)�	 ��� 8��% 0���#:  

"+Z�� 7y��� �;% G��O :�#$  �% �;% ���#X+  ��AK �)+S  o o o o o 

"+Z�� 7y��� �;% G��O :�#$  �% �;% ��_#h+L ��AK �)+S  o o o o o 

"+Z�� 7y��� �;% G��O :�#$  �% �;% ��M2L ��AK �)+S  o o o o o 

��B�Q �O)�	 ��� ������#:  

"+Z�� 7y��� �;% ���#X+  �% �;% G��O :�#$  ��AK �)+S  o o o o o 

"+Z�� 7y��� �;% ���#X+  �% �;% ��_#h+L ��AK �)+S  o o o o o 

"+Z�� 7y��� �;% ���#X+  �% �;% ��M2L ��AK �)+S  o o o o o 

��B�Q �O)�	 ��� +�,�-�.:  

"+Z�� 7y��� �;% ��_#h+L �% �;% G��O :�#$  ��AK )+S�  o o o o o 

"+Z�� 7y��� �;% ��_#h+L �% �;% ���#X+  ��AK �)+S  o o o o o 

"+Z�� 7y��� �;% ��_#h+L �% �;% ��M2L ��AK �)+S  o o o o o 

��B�Q �O)�	 ��� +�K
.:  

"+Z�� 7y��� �;% ��M2L �% �;% G��O :�#$  ��AK �)+S  o o o o o 

"+Z�� 7y��� �;% ��M2L �% �;% ���#X+  ��AK �)+S  o o o o o 

"+Z�� 7y��� �;% ��M2L �% �;% ��_#h+L ��AK �)+S  o o o o o 

 




