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Purpose: The ripple effect, which refers to disturbances with a low probability of occurrence but a 
high impact, has been able to have many negative effects on the supply chain of Iran's food industry. 
Considering the strategic importance of the food industry, it is necessary to investigate the causal 
conditions of this effect. 

Design/methodology/approach: This study has been performed in two phases with a mixed 
approach. The qualitative phase was conducted to identify the causes of the ripple effect and the 
quantitative phase was conducted to model and analyze the scenario. The participants in the 
qualitative phase were industrial experts, and judgmental sampling was used to collect data. The 
sample included 15 respondents, and the data analysis method was thematic analysis. The statistical 
population of the quantitative phase included industrial experts and university professors, and 
judgmental sampling was used to collect data. The sample included 10 respondents, and the data 
analysis method was fuzzy cognitive mapping. To analyze the scenarios, two categories of backward 
and forward scenarios have been designed. FCMapper software has been used to design the scenarios. 

Findings: The results of the thematic analysis indicated 56 causes, which were grouped into 14 sub-
categories: “business planning”, “production problems”, “financial problems of the organization”, 
“logistical problems”, “supply chain management”, “supplier problems”, “human disasters”, “natural 
disasters”, “legislative issues and law enforcement”, “political crises”, “macroeconomic issues”, “the 
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increasing complexity and uncertainty of the business environment’, “infrastructure problems”, and 
“problems of production of complementary industries”. Finally, the sub-categories were grouped in 
four main categories: "business-level problems", "supply chain-level problems", "natural and 
unnatural disasters", and "macro problems of the country". The results of the second phase indicated 
that "political crises", "macroeconomic issues", and "complexity and uncertainty of the business 
environment" had the highest degree of influence. The results of the analysis of the scenarios implied 
the significance of "complexity and uncertainty of the business environment", "macroeconomic 
issues", and "political crises." 

Research implications: Since inventory plays a significant role in dealing with the ripple effect, and 
inventory in the food industry is perishable, it is necessary to investigate how to balance the amount 
of buffer and perishable inventory. Another important issue in the supply chain of the food industry is 
the lack of advanced technologies and sufficient information on the areas under cultivation, the 
amount of harvest, and the amount of surplus or shortage of products in different parts, which 
strengthens the ripple effect. Studying the obstacles, challenges and key success factors of using 
advanced technologies in the supply chain of the food industry can help solve this problem. 

Practical implications: According to the findings, it is suggested to include long-term factors, price 
flexibility, and support clauses in the contract with suppliers. For foreign products, it is recommended 
to contract with companies that have active agencies inside the country. The purchase of critical 
layers of the supply chain (vertical integration) is recommended to reduce risk. Contingency plans are 
necessary to deal with the ripple effect, while environmental and political issues must be monitored 
carefully to develop suitable contingency plans. As a result, it is necessary to form management teams 
in the food industry to investigate environmental and political issues and communicate with people 
with political influence to receive news faster. 

Originality/value: Considering the problems that the supply chain of Iran's food industry has with the 
occurrence of a ripple effect, in this research the reasons for such an effect were investigated for the 
first time. Modelling and scenario analysis of the causes of the ripple effect was also performed for 
the first time. 

Keywords: Ripple effect, Complexity and uncertainty, Macroeconomic issues, Political crises, Food 
industry supply chain 
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Fig. 2- Supply chain event management operators. Source: Palma et al. (2018) 
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• R��JB ��  � �4��@ ;rP ;  GI9J, ��� ���O K4@ �� �,�	�T � R	�S�	h	���  ;r 1B �
� �  

• B�� ,���L >���.$ �� ��3/ , �
� 4,�����K <�� �=,� �� � n�� y�Ac�	b � 	m  

• ,���L ��6�� �  L]���> K4@ ��	�T  R	�S�)�93��1� R	�S� � 1�0../( �, ; ���K <�� �=,�  �?� �K.�  ���?�

n�� y�Ac�	b ��	m  

• B�� 4 �\	]e�	M ��,�H	_ , ; ���K <�� �=,� �� �K.���f� y�Ac� �4���V�  �/� ,� 1B @, ���A	�.  

G,�: ���4��  

• B�� �6� ��64	
� ���2> �@ �� ;/ ��,� ��<� D�	.Y , [
����K <�� �=,�  � ��  ;9�,� ��<�  	?��  [���

,� 1B  	1� ./	�  
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 �  ���/ ��8F �� ;9$�� -�:, 
H�� >��Y �:�� �[]F ��4Y UVW� ;9J�: ;9$�� [	
W� >,�  � ��K�, >,  '�� @, ���

;3V4 ;3V4 .� ���A9:, >@�$ �9J�.� 9J�.�� @�$�> /��	]� @�$ Uc.� @,>  ;?3V4 �   9J�.?� >�,��? �   ?�,� ��  ,�? > 

1�34 D98	: �4,� 1�,� ;/ �:, ����  \cF 5�	� B�$ ����.> �	h ?	�    1�����?: � �<��0�?���) ?4�,�30� 2013 �(

'�� R��9�  @, �6� ;K	94�� G� >,�  �� �:, >@�:. >�����4  ���A9:, ��  G�< �� �'�� ��2 .�:, �� ;g,�,  

 ����2- R���3KS� � ����5�  
Table 2- Symbols and abbreviations 

��5�  T�U�&  ��5�  T�U�&  ��5�  T�U�&  

m  [�C� �,\�  uα  C�  1,�/ �,V�  i �
� �,\�  

n 1�0�]J �,\�  lα   �,V�R	��� 1,�/  j ��]J �,\�  

Vi  
�
� >,�  >�� �,��   �  ��m 

;�,��  
Si   �  �
� �� >,�  >�� �,�� n ;�,��  Xi 

(Oij)  
1�34 .��T <��Y �,�� ���^�Y Oij  ��

 �,�� Vi  

Oij   Y�,��j  �,��  �� 5,i 5,  �� 
P��_4 c ,� R��� YR	   >���,�� V1  �V2  ; 

 �� >,@,j 
�� [O,�$ U
c� �F L:�9�  

  

5�0 ;3V4 '�� >�� ;  >@�$ �9J�.� _g�2�����) �:, ��@ ���O-�8	�� 1,��6�� �31� 2007:(  

	��Y 	��, x�����Y 	��, x����� :�	V$��Y �	V$���  x����� P�[n*m]  .�:,n 1�34 .��T ���:�.� [�C�   �?�

  �m x����� R�, �� ;�,�� �� .�:, 1�0�]J �,\� �24�	 � 1�34 .��T    �?]J ;?/ �?:, �9	��, �� 1@� 1,_	�T (j)   ;? 

 �
�(i) �� .��  

	��Y 
H�� @, ��B �:� ;  >�� >���,��  �5�0 R�, �� :�	V$�� >@�$ x�����Y []F�   ;?���K� ;?     >@�?$ >�?�

 [�]��� @�  �� [�]� R�, ;/ 4��T ]0�1[ �� 5�K4,  ��� L ,�� @, ;
H�� R�, �� .1  ��5  ���A9:,�� .���  

)1(  ����	
�� → �
�	
�� = � 

)2(  �
��	
�� → �
�	
�� = � 

)3(  �
�	
�� =
	
� −�
�(	
�)

����	
�� −�
�(	
�)
 

Xi (Oij) 1�34 .��T <��Y �,�� ���^�Y Oij  �,��  ��Vi �\F,� >,�  .�:, �� ���^� 1�    � C�?  1,�?/ ��  ��

 �0, -�:, R�, �  .��� q��\� R	���Vi  �  >�� �,�� m ;  ;/ ��  ;�,��  �,J� �
�i    �?:, �?� ��,� )�f9J,

 �j=1,2,…,M �� �  C�  1,�/ �,V�uα  R	��� 1,�/ �lα ;  �� �:� ;  ��@ ���O :�B  

)4(  ∀	� = 1,… . ,� Oij (Oij	≥ αu) → Xi (Oij) = 1  

)5(  ∀ j = 1, …., m Oij (Oij ≤ αl) → Xi (Oij) = 0  

	��Y 1�9: � ���c: x����� R�, �� :�	V$�� L ,�� ��F x����� 1�34 �� .�� T,J� [�C�� ;�,�� �� � 4   ��

@� T ]1 �1-[  �,�F��;  �,J� �
� �� .��	0 >�� �,��  P� ���O (Si)   �?� ��,� 1�?34   >,�,� ;?/ ��?� n   ;?�,��

 >���,��  �0, .�:,V1  �V2  c ,�Y  D	V98� ;9�,�.�� � P��_4 c ,� R���Y B R	  �4  �?� >,�  �j  ;?    ?c ,� ���?OY 4 

 �:,c ,� �0, �; ��  D	V98��	M� ;  c ,� ���OY 5 :��  �,�J  



12 / �� ����� ���� ���	
�� � 	��� �����15 ����� �1 ��	�� �36 � ��� 1403 

)6(  !� = ���"�� − �#�"�� 

)7(  !� = ���"�� − $� − �#�"��% 

)8(  &' =
∑ )!�)*

+�
*  

)9(  , = � − &' 

	��Y �	V$�� ����4 x�����: [	�6� @, \     ��,� @, �?^\  �?:, R?6�� ��	V$�� L ,�� ��F x����� 1�   �?�

�,��0 .��  �../� �� �1�0�]J �Z4 �  L ,�� R�, ;K	94 �� [�\�  ��.�  

;3V4 �6	$,�0 ����4 ��K�,  ;?  �	V$�� ����4 x����� :>@�$ �9J�.�     ���?�4 P?� ���?O   7?��F �� �?6	$,�0

;3V4 �� ;g,�, �<�� �=, �,J� [
� >,�  .�$� >@�$ �9J�.� ��.�  

;
H�� R�, �� :����.: [	
W�� �� >����.: ;9:� �� ; �� � 7V� ;  �� �H,�e �
<   �?� �� >������.?: �� .�   ;? 

i�X94, ;98 ,� >���	u9� @, �6� �7V� � �� ���:�.� 1B >�� �=�� >���	u9� �����  ����6� �   �A?O �  � ,�  �6�

�� ��,� �,�F .4�� R	.h�� ��4B �=, �  �:��  ;98 ,�  �� i�X94, ��4B R����=�� � 4�� R	�� .��� �    ,�?<, �	u9� 1B

�� �� ,	� ;�,�, ���< �� .�,�$ R�, .���  >�	u9� �	� ;/ ./�    �� .��?� ��K�, ;V
H �� ��]4 �,(0�=, �� �X94, �	u9�

 >������.:; �� i�X94, [V98� >���	u9� @, �6� ��
< �� ���     �?� ���?:�.� 1B @, �=�?� >���	u9� ����� �   4�?� .

 R	.h����,� �,�F �AO � ,�  [V98� �	u9�   1B �=, ��  ;98 ,� �� �:��  ��  �� .� ����4��  i�?X94, �	u9� R�����(��=,

��  ;�,�, 1B >,�  4�� R	�� � �����  �� .�,�$ R�, .�� ,	� ;�,�, ���< ��   � �?X94, �?	u9� ;/ ./  �?     �?	u9� �	?�

 G�< �� .��� ��K�, ;V
H �� ��,(24 �=, >�2��3 ��:, �� ��,� 1�34 U	VW� [H,�� ��	g_<  

 ����3- Q���� D�KV $W�� R���4�  
Table 3- Details of different research stages 

 X��

?M
�Y  
E5JZ L��%& !�� 

M��	 

!��2 

�� ' 

?��5� !��N 
?��5� [�W !��2��N ��41� ?K\�� ]�8%K#� �1����� ��� �� $��%& P�� 

�A	/  
 [�C� ���:�.�

�<�� �=, �  �,J� 
1�0�]J ����^F 

 E�]�, ;  1	:�

>�Z4 

 ;]H�???f�   >�???�

;�	4 ;9$����9J�: 

@, �A	O�� ��,�� �:��  �,�$, ��6� U��e  

;\��c� �� {
�� '�� � >@�:  

 �:�� @, >�	8A� ��,��    �?30�  U?��e

;9$�� ;]H�f� ;  �� 1�04�� >,�  ��S	 

��,���� /;]H�f� R	H U	F� >�,��   

�A0 >,O L]n �  � �?:��  >,�  ���0

;]H�f� U	F� �]=   �,(?0/ @, ���A9:, /��

;��4�= 

1��^� [	
W� 

���/  

G�  [	
W� � >@�:

 [�C� >����.:

�,J� 

1�0�]J ����^F 

10 �A4 

���n�)  � ��,@

1,��6��32� 

1392( 

�:�� ;��4 

>��O ��,�� 

 [F,H U$,��50 �� 1�0�]J R	  >O��

5I�, �,�,  �� 

 '��

;3V4  �J�.�

>@�$ 
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 [6�3.�:, ����� >,�<, .�,�$ �24�	  �  

  
 $8 3 – Q���� ]���� �"���\  

Fig. 3- Research Process 

4 - ?K\�� ��  

; �	K4@ �� �<�� �=, �,J� [�C� ���:�.� ��Z.�T ;]H�f� �1,��, ��,(M N��.O R	�S� ;�	4 >��   �?  ;9$����9J�?:

 G�< �� 1�0�]J �A	O�� ���B .� 5�K4, 1�0�]J4 �:, �� ;g,�,.  

 ����4- .�N�BS �_�+�& ��2  
Table 4- Descriptive statistics of experts 

�	8.<  R:  V �:Y >��/  �I	fW�  �	��j8�  ;
H�� �� �/��3�  

���  31-40  10-20  �:�.���/  -�.���/  1  �2  

���  41-50  10-20  �:�.���/  �:���:  1  �2  

���  30 =<  9 =<  �:�.���/  -�.���/  1  

���  41-50  21-30 �:�.���/ ��,  ���  1  

���  31-40  21-30 �:�.���/ ��,  G�j8�  1  

���  41-50  10-20 �:�.���/ ��,  ���  1  

���  41-50  10-20 �:�.���/ ��,  ���  1  

���  41-50  10-20 �:�.���/  ���  1  �2  

���  31-40  10-20 �:�.���/  �:���: 1  �2  

���  51-60  10-20 �4,���/  �:���: 1  �2  

���  51-60  10-20 �:�.���/ ��,  �:���:  1  �2  

1@  30 =<  10-20 �:�.���/ ��,  G�j8�  1  �2  

1@  51-60  10-20 �:�.���/ ��,  �:���:  1  �2  

1@  41-50  10-20  �:�.���/ ��,  �:���:  1  

1@  41-50  10-20  �:�.���/  �:���:  1  

���  31-40  8  >�9/�  �j	� ��
�  2  

���  31-40  5  >�9/�  �j	� ��
�  2  

  

 � ;.	3	� � ��	 �, ����

 [6���� �H,�e

;]H�f� 

 � 1�0�]J ���:�.�

 5�K4,;]H�f��� 

 [	
W�;]H�f���  � 

 � 1��^� [	
W� '��

 �,J� [
� ;  � �	9:�

�<�� �=, 

 ;3V4 ;��.3:�� �H,�e

 N�@�� � >@�$ �9J�.�

1B 

_K��;
W��	[ ��,��� 

 �9J�.� ;3V4 �  �.9]�

 �  G� �H,�e � >@�$

5�4�,_$, z}�� 

 �  ������.: [	
W�

5�4�,_$, Fcmapper 
����4 '�,_0 ;	�� 

 [	
W�;
j8�  �H,�e �

 � p,�,�:���� 
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�   G�< -�:,4 �
H�� ��Y  �  G�,15 ;]H�f� �;
H�� R�, �� .�:, �� ;]H�f� �A4  �A4 �� ��12   E�]?�, ;  5,

	:��  ��,>,�   �A4 �� 1�.	�e,15  ?
H�� �� .�$�� ;�,�, 5,Y   _?	4 U?	VW� 5��� 10    �?:�� [?	�6� �� ��?]J  ;?��4   �?�

;]H�f� ..9�,� �/��3�  ��13 ;]H�f� 5�K4, @, \  .	��K4, G�e ;  ���: ���    � E��?� >�,(?0/ .�,�$  @, ?\ 

;9:� ���/ G�fH ;  ��4B >.  D� U
J ��Z.�  G�< �� 1��^� [	
W� `��94 .� 5�K4, ��5 �:, �� ;g,�,.  

 ����5- ?K#� ���= !�"1  
Table 5- Classification of codes 

?�
�� �=  ���\ ?
��  ��+� ?
��  

 ��<�R9�,4 ;��4�  ���^9F, >���  R9�,4 �����  D	�f� ;
j8� [H � >�	0� ;��4�    >_?��

��.
  
;��4�  78/ >_�� ��/�  

 bc: �I63�

78/ ��/�  
�,�	�\� �� �4,���4� ��]J ��/ >��	4 ��]4�   p�c\4,  R9?�,4   �?	$�| � ?	��� ���   �? ,�J

R	��� �CB� 5�2.�  	���� i�f9�,  
	��� �I63�  

���� R	�S� �I63�� 1��@�: ���� �I63�� ;$�n, ���� ��   1��@�: ���� �I63�  

[�H �I63� [V4�  �6	98K� �I63�  

 bc: �I63�

�	K4@T R	�S�  

 ��]4 �	K4@ >���� ��c: R	  �2r���6�T R	�S��   >��6��  R9?�,4    q?
9X� ��c?: ��

�	K4@T R	�S�  
�	K4@ �����T R	�S�  

1��  >���:� R	�S� �2986��� �../� P� �\].�� R	�S� ../T �<��J  R	�S� �I63� �../  

��KA4,� ��B >@�:� D8������ �.<� ������ >�@�� �F�:  >�3  >��I   
 � �\	]e ����I 

�\	]e�	M  
;�_�@� 1�$�e� [	:�  >���0�   D?/ � ;V �:  �? B �     �C�?fW� R9?$� R	?  @, � �0�@���?:

>@���3/� p�  � 1,��   
�\	]e ��,�H  

�|�4 >�����4 ����6�� ���,��,�F � �F�VH ��$I9J,�  R	4,�F >,�<, � Nn� �� �4���8 �4

�9��6H� �4C�e �9��� @�, s	fX� 1�� �  �\�R9�,4 D��A� ;  ��  

 1�4�??F [g�??8�   >,�??<, � >�,(??0

R	4,�F  

 1I/ �I63�

��3/  

D��W� >��f9F, � �:�	: >��� 1,�W  �:�	: >��� ��]4 ;Vc.� ��]= >,� 1,�W  �:�	: >��  1,�W  �:�	: >��  

1,�W  ���� >��� �J�4 .r @�,� >��f9F, ��/�  >��f9F, 1I/ [g�8�  

��	F �4��0�4 ��,_$, ��� @�, o�4 G_�_��  ��]= R9�,4  ���]4  ;?n�� 1�.	�e,�   � �0?	h	�

��]4 �.�,_$ 1�.	�e,�  ��]= R9�,4 �n�V�  

 � �0	h	� ��?]4   ?.�,_$ 1�?.	�e,T 

78/ >�^$ ��/�  

��0��	4 �0��9$,��/@, w�  �\cF � ��� �J�:��@ �I63� ��  �9J�:��@ �I63�  

��\cF 	��� �� ��fW4,� �
J,� �,	��� R	��� �	A	/� ��]4     � �,�?� �?
J,� ?	��� 1�6�,

��\cFR9�,4 �  R	��� R	�S� �� ���4,�� ��\cF � �CB  
[�6� N��.O 	��� �I63�  

  

56  7��F �� ;	��, /14 9:�Y  � ���$4 9:�Y  �
O,»78/ bc: �I63�  ��?/�« �»   �?	K4@ bc?: �I6?3�T 

R	�S�« �»�\	]e�	M � �\	]e >��I  « �»��3/ 1I/ �I63� «���0   �<,�X9?:, >��/ @, >���@ �,\� .4� >. 

9:� ;  �� ��Y  �
O,»��3/ 1I/ �I63� «78/ >�^$ �� ;9:� R�, >C�  �A.� �=, �24�	  ;/ �:,   � �?:, ��/�

78/ bc: �� �<�� �=, @��  {��  �� ����/�  .���N�< @, \  �:�� >��B ;��4    ?	��, x����?� ,?9 , ���Y   �?	V$��

 .� ��K�,�:�� R�, ��   �?  1�?0�]J �;��4      @, �[?��� �?� �?	��, -�?:,1   �?�100   ;? 1B  ��,� ��?�4   .?4,  x����?�

[	�6�  G�< �� ���6   ���3� �� ���.  
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���� 6- �
�� E��\� b��&�	 ��� ��� ���S� $��  
Table 6- Initial success matrix of the causes of the ripple effect event 

��]J

��K�, [
� 
1 2  3  4  5  6  7  8  9  10  

;��4�  �I63� 78/ >_�� ��/�  90  50  90  40  90  90  90  90  90  90  

	��� �I63�  30  80  80  30  80  80  80  80  80  80  

1��@�: ���� �I63�  90  90  90  90  90  90  90  50  60  90  

�6	98K� �I63�  40  80  80  80  40  80  80  80  80  80  

�	K4@ ����� �I63�T R	�S�  60  60  90  90  90  90  90  90  90  90  

R	�S� �I63� �../  80  80  80  80  80  80  80  30  40  80  

>�3  >��I   80  80  80  80  80  80  30  20  10  80  

�\	]e ��,�H  60  100  60  100  60  100  100  100  100  100  

1�4�F [g�8�  >,�<, � >�,(0R	4,�F  60  100  100  100  100  100  100  100  100  60  

1,�W  �:�	: >��  100  100  100  70  100  100  100  70  100  100  

>��f9F, 1I/ [g�8�  70  100  100  100  100  100  70  100  100  100  

� �0	h	� ��]4 .�,_$ 1�.	�e,T 78/ >�^$ ��/�  100  100  100  90  100  100  100  100  100  100  

 �I63��9J�:��@  90  90  60  90  90  90  90  90  90  50  

[�6� N��.O 	��� �I63�  80  80  40  80  60  30  80  80  20  80  
  

]:�W� @, \ Y >@�$ x����� ��  �;	��, x�����  ;]:�W� ����]:�W� >,�  .�Y >@�$ x����� ) L ,�� @, ��1  �?� (
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 ����7- ��� ��� ���S� $�� E��\� ���d� b��&�  
Table 7- The final success matrix of the causes of the ripple effect event 

����� $�� 1 2  3  4  5  6  7  8  9  10  11  12  13  14  

1  1�00  0�00  0�80  0�75  0�00  0�00  0�00  0�00  0�00  0�00  0�00  0�00  0�00  0�00  

2  0�85  1�00  0�75  0�00  0�00  0�00  0�00  0�00  0�00  0�00  0�00  0�00  0�00  0�00  

3  0�80  0�75  1�00  0�78  0�00  0�00  0�80  0�00  0�00  0�00  0�00  0�00  0�00  0�00  

4  0�75  0�83  0�78  1�00  0�00  0�00  0�00  0�00  0�00  0�00  0�00  0�00  0�00  0�00  

5  0�88  0�83  0�85  0�87  1�00  0�78  0�65  0�00  0�00  0�00  0�00  0�00  0�85  0�00  

6  0�73  0�68  0�93  0�72  0�00  1�00  0�00  0�00  0�00  0�00  0�00  0�00  0�00  0�00  

7  0�60  0�55  0�80  0�58  0�65  0�87  1�00  0�00  0�00  0�00  0�00  0�72  0�00  0�00  

8  0�78  0�80  0�82  0�90  0�90  0�75  0�00  1�00  0�00  0�00  0�00  0�35  0�22  0�00  

9  0�82  0�83  0�85  0�87  0�93  0�78  0�65  0�00  1�00  0�00  0�00  0�93  0�92  0�65  

10  0�88  0�83  0�92  0�83  0�90  0�85  0�72  0�00  0�90  1�00  0�93  0�97  0�88  0�68  

11  0�85  0�83  0�88  0�87  0�93  0�82  0�72  0�00  0�93  0�00  1�00  0�97  0�88  0�68  

12  0�88  0�83  0�92  0�87  0�93  0�85  0�00  0�00  0�93  0�00  0�97  1�00  0�92  0�72  

13  0�80  0�75  0�83  0�78  0�85  0�77  0�00  0�00  0�00  0�00  0�00  0�00  1�00  0�00  

14  0�60  0�55  0�70  0�00  0�65  0�70  0�00  0�00  0�00  0�00  0�00  0�00  0�00  1�00  
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Table 8- The results of the analysis of the causes of the ripple effect 
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 $8 4- E�4=� � g�_� 0�FKJ1�� R��Z �A��� ��� ��� ����� $�� E�MU�  

Fig. 4- The situation of the causes of the ripple effect from the perspective of indgree, outdegree and centrality 

 
 $8 5- E �F� ��� ��� ����� $�� !��\ �KS�"   

Fig. 5- Fuzzy cognitive mapping of the causes of the ripple effect 
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Fig. 6- The first backward scenario for the third causes 
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Fig. 7- The first backward Scenario for the causes of Ripple Effect 
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Fig. 8- The secound backward Scenario for the causes of Ripple Effect 
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Fig. 9- The third backward Scenario for the causes of Ripple Effect 
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Fig. 10- The overlap of backward Scenario for the causes of Ripple Effect 
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Fig. 11- The first forward Scenario for the causes of Ripple Effect 
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Fig. 12- The secound forward Scenario for the causes of Ripple Effect 
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Fig. 13- The third forward Scenario for the causes of Ripple Effect 
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Fig. 14- The overlap of forward Scenario for the causes of Ripple Effect 
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