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The Persian Leopard (Panthera pardus saxicolor) is a key carnivore species in 
Iran's ecosystems, playing a crucial role in maintaining ecological balance. This 
species faces numerous threats, including habitat destruction, poaching, declining 
natural prey populations, and pressure from human development. Golestan 
National Park, one of the leopard's key habitats, has recently been affected by 
human activities such as the expansion of agricultural lands, increased livestock 
grazing, road construction, and the growth of nearby villages. This study aims to 
identify and analyze sensitive habitat areas for the Persian leopard in Golestan 
National Park and to examine the impact of human factors on its habitat using the 
InVEST (Integrated Valuation of Ecosystem Services and Tradeoffs) model. In 
this research, four major human-induced threats were identified: agricultural 
lands, proximity to villages, livestock grazing, and roads. The results indicated 
that roads and access routes have the most significant negative impact on leopard 
habitats, with a cumulative risk percentage of 15.8% and a high consequence 
score (2.26). These factors are considered a major cause of habitat fragmentation, 
breaking up continuous habitats into isolated patches and limiting the safe 
movement of leopards. Furthermore, excessive livestock grazing, with a risk 
percentage of 12.56%, leads to vegetation degradation and reduces the food 
sources for the leopard’s natural prey, such as wild goats and sheep. Agricultural 
lands, through the destruction of natural habitats and increasing human-wildlife 
interaction, have serious consequences for the habitat. Meanwhile, village 
proximity, with a 6.41% risk, escalates human-wildlife conflicts and increases the 
likelihood of leopards being killed by local communities in defence of their 
livestock. The results of this study not only emphasize the importance of 
preserving natural habitats but also provide a solid foundation for developing 
effective management strategies and planning for the conservation of endangered 
species. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
Natural habitats, as the foundation of biodiversity, are threatened by human activities and climate 
change. The Persian leopard (Panthera pardus saxicolor), as one of Iran's iconic carnivore species, 
plays an indispensable role in maintaining the stability of natural ecosystems. This species, which is 
listed as endangered by the International Union for Conservation of Nature (IUCN), faces various 
threats including habitat destruction, illegal hunting, depletion of natural prey, and the expansion of 
human activities. Golestan National Park, due to its unique ecological features and high biodiversity, 
is recognized as one of the key habitats for the Persian leopard. This region, with its diverse vegetation 
and extensive biodiversity, is home to various plant and animal species. However, human pressures 
such as agricultural development, road construction, and overgrazing by livestock have significantly 
affected the quality of habitats in this area. In this context, habitat risk assessment serves as an 
effective tool for evaluating the consequences of these interventions and other habitat degradation 
factors. Therefore, in this study, habitat risks for the Persian leopard in Golestan National Park were 
assessed using the InVEST risk assessment model, and the threat factors were identified. 

 

DATA AND METHODS 
To assess the habitat risk for the Persian leopard, spatial data related to land use, water resources 
distribution, road networks, and village locations were collected. Data on leopard presence, including 
120 recorded points of tracks and scat, along with vegetation and slope maps, were entered into the 
analysis. The suitability map of the leopard's habitat was prepared using ecological factor analysis. 
The InVEST model was then used as a tool for evaluating the cumulative effects of human threats. 
This model employs two main indices—"exposure" and "consequence"—to assess habitat risk. Using 
this model, the cumulative effects of four major threat factors on the leopard's habitat—agricultural 
lands, proximity to villages, roads, and livestock grazing—were evaluated. 

 

RESULTS AND DISCUSSION 
Data analysis revealed that roads and access routes, with a cumulative risk of 15.8%, have the most 
negative consequences on the leopard’s habitat and are the primary cause of habitat fragmentation. 
Roads passing through the park fragment habitats and limit the safe movement of the leopard. 
Excessive livestock grazing, with a cumulative risk of 12.56%, severely degrades vegetation, reduces 
prey resources, and increases competition between domestic livestock and natural prey species such as 
wild goats and sheep, significantly reducing habitat quality. Agricultural lands, with a cumulative risk 
of 9.23%, were identified as a serious threat due to habitat destruction and increased human-wildlife 
interaction. The proximity of villages to the leopard’s habitat also increases human-wildlife conflicts 
and raises the likelihood of poaching by local communities to protect livestock. 

The study showed that the central areas of Golestan National Park, which have rich vegetation, 
adequate water resources, and limited human access, represent the best habitats for the Persian 
leopard. These findings align with similar studies in Iran and other parts of the world. For example, 
studies conducted in the Caucasus and Central Asia have shown that leopards prefer habitats with 
dense vegetation and limited human access. In this study, excessive livestock grazing was identified as 
the biggest threat, which, in addition to degrading vegetation, reduces prey resources and disrupts the 
food chain. The consequence of roads on the leopard’s habitat was also significant. Roads not only 
increase traffic accidents but also divide habitats into separate patches, limiting safe movement for the 
leopard. Human interactions through agriculture and the proximity of villages also significantly affect 
the habitat, as they increase human-wildlife conflicts and exacerbate the risk of illegal hunting. 
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CONCLUSION 
To protect the Persian leopard’s habitat in Golestan National Park, effective management measures are 
essential. Grazing management should include limiting the number of livestock in sensitive areas, 
designating areas with minimal consequence for grazing, and establishing cooperative programs with 
local communities to control grazing and provide economic incentives. Moreover, controlling 
agricultural development by limiting the expansion of agricultural lands around the park and 
promoting sustainable agriculture could reduce the negative effects on habitats. The construction of 
wildlife corridors along road routes and limiting vehicle traffic during specific hours are other 
proposed solutions. Increasing public awareness and educating local communities about the 
importance of leopard and habitat conservation is also crucial. Finally, continued research using 
advanced technologies such as satellite data and camera traps is recommended to improve the 
accuracy of analyses and identify long-term changes in habitat threats. 
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Q ��= B� �)!�� ��+]0 >!�^R# ( �� /0�:� !�X a��( 

 � (!�)Bastos et al., 2023(. (� %!��!� G�! �+M� ���� a��� ����� >�"]�^� �p+f+�� �� (��B� �(!���# (:�� 
��	���� �� *�P ! ��E �)! .��
�� H��
� �� �� H��� ��"GM B +� �� �� >!���n= ���(�� L��� W��G�� ��+� � ! 

)#
 !� � �%!(��G� 1399 {�G" #&]! � �%!(��G� 1398(� (� ]�K# B� �(!���# ���(��R�) :��( � >!��ST= #"GP= 
�����&= ��G� �(+� BM+= (!�X B�Q�� �)! .L�! �|R *�W] *�P ! >�"]�^� ���M �= � �=��GQ�� (� L�! B���� !( %�
  

#� ���. ! ���L ,$! Y�� �Z�)!#  L�!�(! �B"]�^����# G�#  ��� �# (�:� ����	�� ! <�,�� !�# ,� ;(�� (�# 
%���,� �� ���'�)! �! ?�� #����(! :��( InVEST �)! ! B�(!W�� !�� ��0(��� ,�=�U �������� E� # �&= �!�>!� 

 �� !# *+� ��o) �� %����) B� �� � (�GE# ��(! .�L ��&� �� ?�� ����  �!�: �(���� G�#� �(! %���!���#  >!�S!
"GP=# H�= U�!+- !�� ]�"Q �� ��=���� ���  �� !# � �����	�� �� B +� � ��� ����# � F�!�Q !(# ���).  

  

���� �
 B�� � �
   

��*�H� ��1� ���&��  

%���,� #,� ;(�� BI^��  # ����+� �!B�  �")�31�835  %��� ��� (� �%!��! #X�E ?�GE (� B� �)! (����
%��)! %���,� �%�)!�R ���  U�E) �)! ��E �X!� %��G) �1 ;(�� L�! .( U��Ei�- L�� #���Q!�nM ������  ���

 #]�GE37  � BM(�10  �= BI�X�37 M(� � B41 ?+� � BI�X�  #X�E ���55  � BM(�4  �= BI�X�55  � BM(�11 
 BI�X��E�� #�%���,� #,� ;(�� .� B� #X�E %!+�- #� B�R��E %!��! (� # ����� *+�� ������ L��= +EB !�) � � (��

 �%!(��G�1403.( 

B���	���� �BI^�� L�! (� #���� >�-�G�M! �a�� p+�= U�]�  �!�� #-+��� ���B +� >��K v,�D� ���   U�E HK�
:� U��E ;(�� #�O #���� p+�= .�)! B�Q�� B +� U� �! *+)  �(+
� %��� �� ���51 B +� �! �$(�  %!(!� ���� ���

 �! H�� �1�350 �)! #���� B +�  ��(+G�=)1402(L�� ��G�! .  ?�) (� %0 ��S �� W�  BI^�� L�! #,,G]!1377  (�
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���R} �)�&Q ��� �� �����  # �&M ������T= ��E �)!. L�!�� �?�K ;(�� %���,� �� H]�\ ��� #^��� ��M 
%+cG� V���� L��� ��� ���(��
� >(��P� �� �����)�( (+�- ���M #,$! �! %��� %0 � �!�\ H���K�! *!� BM!+� 

�)! .L�! H]�\ ��� ��	���� #"��� B +� ��� ���,� �� �� <�,� !( B�>�E ��= ��ST= (!�X ��!� � >!���&= 
U��X #&M+= !( BM+�� �(!���� F���)+�! ����  �#����� %�G,) � #&,]!��-) �)!1397 .(  

  

  
 8;�1J�C0�K ��� L��
 �#��"��MN ?��O1� :  

  

P/�
 ��QC0#R ?�S1�H� �S�#R��  

��	���� L��"= �!�� �H��
� L�! (� ��� *+� %��E0 U�,�= V�( �! �<�,� �!�� N)��� *�  �! ���'�)! �� #�R��E  (!WQ!
�z�+��1 �E B�Q�� ��&�L��cG� .� *�  (!WQ! �)�= 2B�a ��]+= � ��)��K U�,�= �!��  #=�-o�! ���(+e�� B� ?�I� ! 

B� *�  (!WQ! B� (���Q(. #)(�� ��$+uR��� *+� #�R��E � #)��E(��Q( �B +� #�� !� �$��- ���,� �!�� �(�0��� 
��!� ��� *�a (� V�( U�,�= %��E0 *+� #�R��E /+��� #�  �+E) �#Eo�1395#�
�� B"]�^� .( *+� ���  � #�R��E

B +� #)��E(��Q(B� � %!+�- F&� %��(!(� �GM ��!� �(�0  �� �!��*+� %��E0 U�,�=  #�R��EB�#� (�GE��( L�! (� .
B
I  �V�(  ��= #���#� �(!� U�,�= B� #^��� UI��� U�!+- %!+�- ��$+uR Z�)! �� �U�!+- L�! .� +E��� 

 B +�Y�� #� /�D� ! BI^�� ��!�E � � +E ) �%!(��G� � #P��1401L��K { �%!(��G� � �!
 1398.( U�!+- 
#^��� UI��� (� L�! �H��
� U��E ���+= BG"� ��� <�,� #,$! %+cG� U� � �W� ~+X � �H�� ����! B
I  ��� 

�N�E ��&M #�+X( ?�� #-�'=(!3� ���M ��� sR�E Uf�'= ?���  ��E HE+� #����1 q!�D�)!��E �! N���= 

                                                      
1Biomapper  
2 TerrSet 
3 Digital Elevation Model (DEM) 
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���� �� 4 � 5 ����u= �(!+��� �!  �)��]8  L��1 ��� B� x+���2024  �����!��R)1403( � ����� #�0 �� �� BG
\ ��� 
��(+D
�0 � B �R��( �� �����.  

(� L��cG� L�! �H��
� B
I  (+.K <�,� �� Z�)! 120 B^I  (+.K ��S ��E B� �� ���'�)! �! ���!+E ��e  
���( � L���) #��)��E��E ��+� B�%!+�- ��n�� B���!� (� U�,�= ���'�)! �E.  

�!�� U�,�= U�!+- �Sh� �� %��E0 *+� #�R��E (� *�  (!WQ! ��z�+�� �+M� �����n�� UI��� � �X�Q #	���G� �(��f 
�)!. B�(+� ?+G"� ��&�
�� #� �+E B� ��! %!W�� #	���G� L�� �� �� ��\ ��n�� H�� �! 9/0 ��E�� *�a �)! 
#�� �! %0 �� �! ���] �����n�� ���(� YdK ����.  

(� L�! �H��
� ���=�� #	���G� B
I  �� �� ���'�)! �! U�,�= ����- ����2 (� *�  (!WQ! B�)��� �E. (� L�! 
�H��
� (!�I� #	���G� ��G� �! 9/0 B� �)� ��0 � �L�!����� *�G= ����n�� (� U�,�= #X�� � � ��.  

*+� %��E0 U�,�= #M��R #�R��E #� ��]+= ���"�� ���  #���(��"� q!�D�)! B� B� >!�����! ���=�� B,GM �! ����
B�E�K �� �� suD= �#�!�� #�!�� �	���� ��!�E ��!�� (� B +� UG�= �#� :G� #� B�E�K U��- .���  %�
  #�!��

#� ��	���� �e  �(+� B +� ��0 B� ��� #� ��M�= !( #$�R ��� ������ v�� (� �� ���  #�� � #���� ����� �! ��=
#� *�  (� #]+��Q [��� �! (��"� L�! .��� #� B�)��� �z�+�� (!WQ! r(W� ��- .�+E :� B� :��W  � �'$ �! �=�  �	 ���

��	�����)! B +� �!�� �=����� � >��'�� # )Naqibzadeh et al., 2021(. 

suD= U��- %�
  W�  #�!�� ��"f� B��!� ����� U��X #���� ��� (��"� Y!�� ! �� � �)! B +� �!�� UG�=
#� B�)��� #^��� #����!�� B +� .�+E  ��!�E (� L���� B� � � (!� #��(�� #���� B��!� �a+G"� suD�� ���

���B� .� (!� H�!�� ��=��UG�= �Z+�"� (+� %�
  ���d�  #��	���� ��!�E (� #�� � �!�� B +� #�� !+= �����
p+��� �)! �= )Oca and Reyes, 2023(. 

F��(+	]! �! ���	���� ���+,^� B
I  B�&= �!�� *�  ��� B
I  L�! .�E ���'�)! �z�+�� (!WQ!  ��+� B�)+�� sR�E �� ��
BI�� � �E ����*�  *(�&\ BD�  (� .  ���+,^� B
I  B�&= �!�� N)��� F��(+	]! /�D� ! B� sR�E L�! ��z�+�� (!WQ!

#� :G� B� {����(+�B��&� F��(+	]! �	 ��� ���G� (��"� Y!�� ! � ��+� �=a�� sR�E B� �)! �=. 

��QC0#R T0#� �S�#R��3  

! (��L B� �B"]�^� �(! (+e�����# (�:� ����	�� �(! ?�� �! �<�,����# (�:� ����	�� ��(!W�! B-+GP� (� �+M+�� 
InVEST ! .�)! ��E ���'�)!�L ��&� �� ?�� ���� B']h� �� �! � ,$!#� ��"# B&M!+�4 � �������5 �(! B����#  �

��H ���# ��%!W (�:� E� # ]�"Q �!�� ��� ! �� # � �� v,�D����	�� �� B +� � ��� %0 B� B���!� � ��# ��!���.  ��
�: ! �!�L ��!+=� B-+GP� Z�)! �� !� "� �!���(�� ��!�H �"=�v ��E ��!�����# �# � +EB&M!+� ���= .� %�
   �����
��%!W  Z�G=��  B&M!+��: ����	�� �&= ����� ���!�� !�� .�)!� ! �(�0���L "� �B&M!+����(�#� e ��  >�E

��&� (!���� � �!����	�� 
=!��)! p+ � ������# e )�� [���� �g�'K  ��E�� ( ���� �= B,$�Q � (�!�0�:�  BM+= �(+�
� (!�X# ��� �! .�L "����(�  (��: I��Z� B) �=#��  �!1 )����L �=�L ��%!W ST=�� �= (3 )����
�L ��%!W ST=�� �(

                                                                                                                                                                      
1 Normalized Difference Vegetation Index (NDVI) 
2 Box-Cox 
3 Habitat Risk Assessment 
4 Exposure (E) 
5 Consequence (C) 
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��!�����# �# � +E. � ���=������ )(�� B�# � H��!����	�� �� �&= U�!+- �� B&M!+� B� B +��!�� �# ��!���! .�L  ���=
��%!W )��K�� ����	�� � !+= �#�  UG�= (� %0�� )0 %!��M�N �� � !(# �P�)! (� .�L "� ���)!(���(�� �����  �� B�

�I= B�)��F �# � +E :1� (�%!W Y�^" ! d����  (� �e  �(+� B +���!�� H�= ��� ���^#  �2� !+= (#� K!���  �� %0
)0 �!�N �� .�: ! �!�L "����(�  �W I� (��)�#  �!1  �=3 ��!�����# �# � +E.  

"= � /�D� !��L "����(�� ��!�����#  �� ?�� (���&� ���� UG"]!(+�)� �! ��� B�!(! �G��!( (� ��E� ��(���  �� � ?��
�����  G,- �����# ��!� ����"� ��� *+� �R��E# �)��E(�� >!�e  � BI^����+K % ��� � >(+$ ��=��# ����! .�L 

�+\(�\ �G��!(# !�� �(!� ��)!� = U�!+- /�D� !H� �!� ���
# ��� ����	�� �� ��! �+�  ������# "� B����(�� �!+= �
� � B&M!+������� � F�!�Q# ���) � ���M! %!�	
��
� B� �# ��� �(!���# �� �� !( �+R�B G,- ?+$!# U��X � *�P ! (!��=

I� .�����Z� ��!�����# 1  �=3 B� B +� !� K!��# BM(� B� �)! ��E ���� ���"� ��! ���)(!�  >�E �!�� )��K�� 
"� ���(� ��! .��� B�!(!��� 1 %�
  ��G� ������L ST= �^)�� �� )��K��� ��!��� 2 ��! � �)+�� �^)��� 3 ����
�L 

ST= �^)�� �� )��K�� � /�=��� !(# ���! .�L BI�� ���� �I� %���!�B� � �� # ��%� �(! � v,�D� U�!+-���# # ��� 
(�:�  �^) (�L����) ��G�) (! � F�!�Q# ���).  

��=�N ��!�>!�� ! �! U$�K�L �&  �^) ����= ��#� (�:� !�� !(� � �! HD� �����	�� � sD
�# ���)! .�L 
� >�-o�!# � !+= B�(!W�! %!+�-� Gu=�F ��(� !��� +]�!�� ���� �g�'K >��!�X!# �� �����#  �(+� v,�D� [���� (�

� (!�X ���'�)!��� Pascal et al., 2016; Tolessa et al., 2017)(. (�  ?��M1 ���] ���(��"� �(+� ���'�)! (� L�! 
?�� ��(�0 ��E �)!.  

 5�&N1T0#� �S�#R�� 5&� �� ���VCG� ��1� E�
����� :  
���� :��( �)+�� :��( F� :��( sR�E 

:��( ����(!�X i�"� (� 

 �! ��
��30%   L��10  �=30%  ��G� �! %10  (%) :��( U��- � ��	���� # ��� # �E+zG� 

8  �=12 ���  4  �=8 ���  4 ���   :��( i�"� (� ��	���� ����(!�X %��� >��
B]���� ���� (� 

���� �)+�� F� ��	���� ��������&= U��- >�E 

F� �(!d���S�= �)+�� �(!d���S�= (!d���S�= BI^�� ������ ��� �(!d��S! 
����� 

50  �=100%   L��20  �=50%   �! ��G�20%  (%) �K��� (� >!���n= 
50  �=100%   L��20  �=50%   �! ��G�20%  ��	���� (��R�) (� >!���n= 

>(�  B� ?�) (� (�� L���\ #	�'� �� � B !��( (!��= >�"Q� >ao�R! #"���  

p+GP� (� i�"� ����(!�X B +��� )E( � p+GP� �������� U$�K �! (� i�"� (!�X L�Q�� %0 B +�(C)  (� ��!�� 
��]�"Q �W�0�(��� �! [���  ��� B^�!(1  �2 B�#� �)�:��0  

)1 (  �
���∑ ���	
���



  

)2 (  

���∑ ���	
���



  

 B^�!( (� B�1 �Ejk  ��	���� �!�� ����(!�X i�"� (� �����!j H�= U��- �! #E�  �!�k �eijk (!�I� (��"�  i�"� (�
 ����(!�Xi  ��	���� �!��j  H�= �k  � �)!N #� U��E !( U�,�= (� BM!+� ���(��"� �!�"= .�+E  
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 B^�!( (�2 �Cjk  ��	���� �!�� ����� �����!j H�= U��- �! #E�  �!�k �cijk (!�I� (��"� ����� i �!�� ��	���� j � 
H�= k �)! � N �!�"= ���(��"� ����� (� U�,�= !( U��E #��+E.  

N�)0#� U��
= !( (!�+G  �! (+�� :� B� W�  �)+�� :��( ���d� B^�!( �! ������� �)+�� (!�I� �!�G� B� ���
B� ��� #� �)� :��0  

)3 (  ���� = �(���� − 1)� + (
��� − 1)�  

L�! �!B^I  (� ?�� ��(Z��)! U��- � ��	���� B� �!F� !�#� B�)��� !( :��( �� (!� # �E+� N�=�= L��� .���
:��(#� U$�K ��� B^�!( �! #
�!WQ! ���:� +E  

)4 (  ����� = ����
���  

Z��)! U�!+- #��G= �! #E�  #"GP= :��( ?�� �*+) *�� (� ��	���� �� �!�� !( !�#G�#� ���) :��( .���
 ��	���� �!�� #"GP=j  U���� (�i :��( #��G= >!�����! p+GP�:�)! ��	���� �� �!�� ��  

)5 (  ��� =� ����
�
���

  

#� U��E !( #K!+  �[���� L�! .�)! #��	���� Z��K [���� #��)��E �*(�&\ *����]�"Q ��S�= B� �+E ���
 � (��R�) � �)! ���� # �� !*+� ���,G-B� %����)BM(� ��= ��	���� �!�� U���� �� .�)! ���� N�)0 >�E ���

BI�� ���� � �)+�� �F�#� ����B^)!� B� �� ��! L�! B� �+EZ��)! U�!+- �:��( �� � ��'�� �!� #"GP= ���
.�)! ��E �(�0��  

! (��L Z��)! U��- (�&\ �H��
� !�� ,���� ST= B��� I����F O ������I�F � �����	�� �)��E �� (!� <�,�#�  �
�(! �(+����# ! .���Q�� (!�X�L )(�� Z�)! �� U�!+-# G,- �����#� ��!� ���  ���#� ��������� �� !�# �cG� ��L 

�� %�)��E(�� �� >(+
��� ���� K ��>�  HK� �D� ! BI^��/  ?�� .� �EInVEST !�L � F�!�Q !( %���!# ���) 
F&� �� W��G= �� B� �=�L �&=����� �(!���# (�:� B� ! /�D� ! .�+E *�P ! ��0(�� � ��GQ�� >(+$�L  �� U��- (�&\

����� ST= >�E��� Q!�nM �������#�  p+X� (!��= �# ��� # �E+zG� %!W�� � %0 ��   <�,� ��	���� �� ������ (�
�) .�Q�� *�P ! B"]�^� �(+��� B� ��+I]�� U�!+- ]��U ��!� �+�  ��� Q��#� ST=�(!d���  ��G��� F� �E+�# �&= ������� 

/�D� ! ! (� ���E�L �(! �! B,K�����# � �
  ���]L��� . :��(��
� ���f!(! B")+=# -!(�# � (��%+�!�  ������
B� �;(�� ���
 K!+  (�# E�K�B !� ����	�� ��� ���"#� � �")� H��� B� �P�����	�� ��� !�� N)����  ��E <�,�

! .�)!�L �+��  �� ��o- V����� � HE+����# ���"#� !WQ! ���H �(��
� >!��! � %�� ! (+.K�  >(��P� (�
K � %�� ! i(�"= ?�G�K! ���� [�����>� HK�   !(�W !WQ!�H �# ����� .�L ��� �(��
�� �cG��L  NM+�

(!d����� ��)����� �� ��MB�M#� B +� ��#� �.Q (� <�,� %+\� ����	�� �# � +E.  

 :;(�� Y!��! �����)�(E�K (� ����)�( (+.K�B ,� ;(��# !WQ! ��H B� ��!�Q! ���= ���
  %!�	E��� � %!(!��!�
,��#� � i(�"= ���� ?�G�K!�%� �W  .�)! ���� a�� !( <�,� � %�� !��# ��	� +�)  ��(� w-�� �Z��K [���� B� ��

� B� %�� ! (������	�� ! �� � ��E���P  �GK!W��� H��!� ��� -�Q�#� ��!�� Q((��� � U�D� !( B +�# ��� �� ��o- .
!��L ! (� *!� �+M��L   [�����W �# � !+= ���B� ��) Qo= (��E >oGK# +M�B � �+E <�,� B� )#G��!��! ��'�� � 

�%!(��G� 1402 .(  
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 :�(+�- ���M (+�-�: B"^X w-�� �&�= B  ;(�� %�(� �! F&� ���M  � %�E B"^X���	�� ! ����P �� (� � !+������ 
���K# B +� ���M >�',= ���� B� �P�� B�,� ���E �� !� !��� B +� ��� BG"� B,GM �! �v,�D� ��� �K � <�,�#  �+R

! .�)! ��E <�,��L �cG� ���M�L  NM+�!WQ!�H )��)�#  [G- B� %�� !����	�� �� �  (� ��BP !WQ!�H  �^R
O (��E���P��  �� ! �GK!W� �# �# ���� )#��G� � �%!(��G� 1395( . 

H�� �!�\ :*!� �K�!!�\� �# �(�B  � UR!� (� *!���%+�!� � HE+� H��� B� �P�� �;(�����# �  (� ��BP  H���
!dO �����#� B +� ��� BG"� � .�)! ��E <�,�  

!�L P � (� ?o�R!��� !dO#�� B� O >(+$�I�����F �I�� HK� >��K �&= !(�� �# ��� %!(!��!� � *!� *�!�� (+.K .
� (����	��  �W ,��- �+R# !��� ��! H����� ����# B +���� HK� >��K ! ����P )+�! �� v-�.� (�
Q�F�� 
�)! )Yang et al., 2021( .  

�!�� U�,�= [�X� L�! �U�!+- ��!� ��� # ��� x+��� B� ���(�� �#f!(! ��"X+� ����)�( � B��E ���M �! �GM �(�0 
�E .�L��cG� >�-o�! >�E � ����� �� H�= B� �!�G� >!�e  %�)��E(�� #,�� � ���� %� �� ;(�� #,� �%���,� 
B� %!+�- ����� ��!� #,�G�= �(+� ���'�)! (!�X �Q�� .L�! >�-o�! �!�� L��"= ���(��"� ����(!�X i�"� (� � ����� 
(� /+\(�\ ?��  :��( #����(!��	���� F�e�= � �E.  

  

�C"�# �
E @
��
  

B�WP=U�,�=� #,��- *+� �#�R��E B� %!+�- B��� �W��� *�  (!WQ! �z�+�� B�R��E #� �+E. L�! U�,�= ����E �(���� 
B� V�( B�WP= B� B']h� ��� #,$! � �(!� B� #��)��E #,�!+- #� ��!��� B� L���
�� ��ST= �����n�� �! !( UI��� 

#^��� �� B +� ��f+= #� ����. %+�) ��D  %�
  ����� #�
�� B�E�K �! %�+� B +� �(+� #)(�� �)! � 
sD
� #� ��� B� ��"f� B��&� %0 B +� �= B\ �K �! L�	 ��� ��	���� �(+� B"]�^� B,$�Q �(!�. ���) U�!+- B� 

UG�= ���d� � #�
�� #uuD= B +� x+��� #� � � +E B� _�(�= �! FPK #=�-o�! B� B�!(! #� ���� B�)�� #� �+E. 
L�! U�!+- %!W�� #uuD= %�+� B +� !( (� ���'�)! �! ����� ��	���� (� Z��)� %�
  #�  ?��M) ����2 .(  

  

  
 5�&N2W#�C2 : 8'�X R� 8���, 8��� J���Y Z1S�C[�/�  

�S��C2� +C#�1Q*� \#1S ][�� ^��C2� +C#�1Q*��&�  8��,8F E�#A
  ]_�,8F E�#A
  ����X8F �#��K  

412/0± 421/0  #)��� L�	 ��� 559/0  79/1  816/0  

  

�! �	�� #�� _���  L�! �U�,�= ?��M ���=�� >!�����! �)! B� >�-o�! (���� ���GE�(! !( (� �� �(!�. ��!� ��� 
L�! ���=�� %�
  #� ��� B� �� U��- UI��� #^��� (� U�,�= �= B\ ��!� ! �� ���) U�!+- �Sh� �� ���+,^� 

��	���� #	���G�  ?��M) �(!�3v��( .( ��� ���=�� F&) �� ��n�� UI��� #^��� (� U��
= U�!+- !( sD
� 
#� ����. (� L�! H��
� �p�'=(! ����� �#�0 ���M �� � N�E B� %!+�- #,$! L��= U�!+- �Sh� (� ���+,^� ��	���� 

<�,� #��)��E � �E. #����(! ��$ � �X� ?�� �� sR�E ��+� *�P ! �Q��. B
I  N)��= ��	���� )U�E 2 (
%�
  #� ��� B� HD� ��� �W��� � ��G� #)��)� ��d� ;(�� �!(!� N)��= ��=a�� �!�� ���� <�,� ����� .L�! 



34   �(!���# (�:� ����	��# ! <�,�� !�# ,� ;(�� (�# %���,� ...  

[���� #�
�� #��� �� �� HE+� #���� �#�O B,$�Q �! >!���&= # �� ! � ��!�E /+,^� *+� #�R��E !( � (!�. (� 
�U��I� HD� #��� B� (� #���W  ��]�"Q ��� # �� ! �� �� L��� ��� ���(��
� ���M �� � ����)�( (!�X �� (!� N)��= 

���G� �!�� ��	���� <�,� %�
  #� ����.  
 5�&N3J�C0�K ��� L��
 �� P/�
 ��QC0#R E��S �H��� E�
��MC� E�
R��C�� \#�,�� :  

10 

7/2%  

9 

6/3%  

8 

6/5%  

7 

4/7%  

6 

7/7%  

5 

9%  

4 

12%  

3 

16%  

2 

19%  

1 

11%  

�H��� E�
��MC� 

04/0  19/0 -  26/0 -  31/0  32/0 -  034/0 -  24/0 -  06/0 -  06/0  39/0 -  =�V,�� 

02/0  4/0  072/0  097/0 -  132/0  014/0  013/0 -  04/0 -  01/0 -  36/0 -  �2�[��� 

18/0 -  07/0  031/0 -  017/0  06/0 -  009/0  024/0  032/0  013/0 -  35/0 -  ��	< 

57/0  22/0  549/0  529/0 -  062/0  264/0  085/0 -  201/0  065/0 -  33/0 -  ���N 

6/0 -  23/0 -  307/0 -  032/0  058/0 -  571/0 -  056/0  104/0 -  009/0 -  33/0 -  cS � 8F 

3/0  54/0 -  148/0  082/0  025/0  127/0  029/0  113/0  055/0 -  30/0 -  R��K 

04/0 -  26/0  444/0  183/0 -  158/0 -  359/0 -  545/0 -  303/0  075/0 -  29/0 -  ER���	F 

05/0 -  36/0  149/0 -  171/0 -  405/0  053/0  344/0  408/0  715/0  28/0 -  5��� 

06/0  16/0 -  164/0 -  372/0  453/0  278/0 -  608/0 -  162/0  66/0 -  27/0 -  1
Y 

18/0 -  23/0 -  234/0 -  089/0  471/0 -  033/0  062/0  114/0  021/0 -  16/0 -  d�� 

08/0  26/0  256/0  042/0 -  057/0  19/0 -  1/0 -  745/0  053/0 -  13/0  @�� � e1O 

05/0  11/0 -  111/0 -  049/0  1/0  042/0 -  19/0  221/0  057/0 -  11/0  ?)N 

37/0  063/0 -  063/0 -  354/0 -  32/0 -  167/0 -  205/0  086/0  028/0  05/0   �
��K @�1
 +F��, 

05/0 -  19/0  101/0  006/0 -  184/0  557/0 -  232/0  145/0 -  113/0  03/0 -  �CG�� 

  

  
 8;�2 �	(2 :J�C0�K ��� L��
 �� P/�
 ��QC0#R dG�/,  
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U�E 3� (!�+G  ����I� #"GP= :��(  ?�� �! U$�K ��	����InVEST (� BI^�� !( B� ��+u= #� �
� � %�
  
#� ��� B� L�! BI^�� B� (+� #,� � �� L�Q���e (� :��( �#"GP= (� ���� :��( �)+�� (!�X �(!�.  L�! B� BM+= ��

(� �(!�+G  [���� v,�D� �;(�� ����I� :��( #"GP= >��'�� �)! .HD� #��� B� (� #���W  ��]�"Q ��� # �� ! 
�� �� �����)�( ���M �� � L��� ��� ��(��
� (!�X �� (!� ����I� ��=a�� �! :��( #"GP= !( %�
  #� ����.  

 ?��M4 B� :��( ����I� �)� ?�� �! ���0InVEST &= U�!+- �! :� �� :��'= B� !(#� %�
  # �� ! ���  .���  
 5�&N4�#��(� : T0#� �S?G��&�Y �S T�;V, �
 &#&), �2�02� �� �(H/�  

:��( �$(� :��( ����� ����(!�X i�"� (� ���&= *�  ��	���� 

23/9 924/0 987/0 02/1 L�����(��
� ��� 

 #
,� 

;
(��

 ��
��

��
 U

�
%�

��
,�

 

41/6 871/0 931/0 963/0 
 Y!��! �����)�(

;(�� 

56/12 08/1 52/1 15/1 H�� �!�\*!� �K�! 

8/15 26/2 1/2 25/2 
 ���� � ���M

#)��)� 

  

  
 8;�3�#��(� ���1�2 : T0#� ����, ��QC0#R )L��
 ��� J�C0�K(  

  

���L ��� �(��
�� F&� �! �=�L �&=�>!� !��� ����	�� B� <�,�� (�GE# 0���! .�L �&=�� � (!�I� %�+� !(!� ������ 
) a��978/0%�
  �( ST= ������� I����F U��X � � H��� �� %0 BM+=�'�� ����	�� �! .�)!+)�����	  B&M!+� sR�E

 ?��"�02/1� ���	 � F��� �^) B� �)! %0 �,� H��< ! ���L HD� � ��+� a�� �����  U��- ��� )��"# � �!���	�� 
ST= i�"� (��� ���L ��� �(��
�� �\�� .� (!� (!�X( �$(� ��:� ��-� !��� !�L �&=��  ��)! ��E V(!W� ��G�

��= ��!�N �) �S! >�E���� !�!�Q � (# G�! �B&M!+��� a��� �(! (� !( %0���# ��� �g�'K# � %�
 # ���.  

� U��-���	 �W ��# ����	�� �&= B� �)����)�( B���� ��c��� �"���\ �� !���P �# ��� ����� �) �� ���X( .
���"#� Qo= (��E# +M�B � +) �!�  �� ! B")+= � %!(!��!�# �P�� �D= B��N ����	�� � B\��! .�)! ��E���� !�L 

�&=�� �I� (��B� �) ����   B&M!+� sR�E � �)! ��G� U�!+-�a�� ��- W#� ( �$(� ��! ��(!� �:� ) a�� ����� 41/6 
(�$(� %�
  #� ��� ! �S! B��L � H��� (� U��-�'�� ����	�� �W  [���� (��: ��	� +�) B� ���  �� !# 	G
\�� 

ST= >�E B\�� ��X!� (� .�)!�� I����F ����L �= Q!�nM V���� ��! ��)!��#� !�L �&=�� ������ (� ���  �� !#� 
 B� !( %0�: �� � *�!�� U��-�(!� � H��� (���� d���� ��=�U .�)! ����  
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!�\� *!� W�  �! >!���&= (���� F&� /+��� #� �+E B� B  �&�= NM+� ��+��  HE+� #���� � ���n= (� (��R�) 
��	���� #� ��+E B�,� ���X( F�I��� �� B +� #��� %+\ <�,� �!�� ����� #�!dO !( H�!WQ! #� ��� .(� L�! �B���� 

����� a�� )52/1 (���T= �(!� B� >�E ��ST= L�! ���&= �� ��	���� ���� �)! .%�WQ! �� �L�! sR�E B&M!+� ?��"� 
15/1 %�
  #� ��� B� HD� #"�)� �! ��	���� <�,� ��= ��S�= L�! U��- �)! .N���= L�! �� sR�E NM+� 

��E B� �$(� :��( #,� �!�\ *!� )56/12 �$(� (B� %!+�- #�� �! L��=a�� ����I� (� L�� >!���&= #��)��E 
�+E .L�! _���  #�!+� �� %0 �)! B� ������ �!�\ *!� � ?���� ��(� *!� �� B� ��	���� ��� Z��K ���� (� ��+]�! 

>��!�X! #�g�'K (!�X ����.  

� (��%� ��G=# �&=��>!� ���M �� � ������� )��)�# ����
�L ST=�� '��# � �� !(���	�� � .� (!� <�,����� !�L 
�&=�� ���(� ) a��26/2 B� �)! (%�
  ����� a�� >�E� ST=�� � �� %0�'�� ����	�� �cG� .�)!��L  sR�E

 �� ��!�� B&M!+�25/2 � %�
 # ��� ���M �+M� B� � (� �����	�� G�!� <�,�# � ���(!� ! .�)!�L  (��� (� sR�E ��
( �$(� B� �P�� F��:� 8/15 �$(� ��E � ! B� ��=a��L � (� FX(�L �&=�>!� ! .�)! �+M+��L ��!� B� �� �E�(# 

"= HI ��L ����� ���M � �Q! (� ���'�� ����	�� �	 ��� >(��f �� � B")+= (���R�)� �� �G  !(�%� �# ���).  

�&  (���� ( >�I�� B
I �:� "GP=# ����	��  U�E)4B� ( � %�
  �+f�# ��� !(!� [���� B�� (�:�  a����
�� 
���M Y!��! (� �� �������� )��)�#  �����)�( B�Q�� (!�X ! .� !�L %�
  +	]! � ������� + I����F ��L �&= >�E��� 

��%!W �&= �� B +� H��G����� ST= ��� "GP=#  �� %0����	�� �\ .�)!�L ,�=�,#� �� ���B sR�E ��� X��[  �
?�� ��)� �.Q#�� �# � !+= ����� �)���# !��� K!��# �g�'K >��!�X!# ,� ;(�� (� ��GQ��# ��� F�!�Q %���,�.  

)(��# sR�E ��� �&= v,�D��>!� ����	�� � B,GM�! <�,������ ( �$(� � B&M!+��:� � %�
 # ���  �� B��: 
 �� ! U�!+- �!# )(��# ��E B� +� � � H��� (��'�� ����	�� ������ �>�E ��! ������ �Sh�#  (�����) �

(!d��S!� %0 �� .�)! >��'�� ���L ��� �(��
�� I��� �S! ���F ) ��(��R� �����	�� ���M ! �� �����P  ����
1+]+�!��#� !�\� �D= �� *!��N !dO �����#� � HE+� ����# !WQ! �� ����)�( ��H K � %�� ! i(�"=�>� �HK�  ��

�: =��'�� U�E B�# ���(!�� ����# �&= !( B +��� �# ����.  
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 8;�4�	(2 : ��(�� T0#� ����, ��QC0#R �� L��
 ��� J�C0�K  

  

 f�S  

,� ;(��# B� %���,�  %!+�-��# F&� �! �=�L ����	�� ��� ! <�,�� !�#� �&= i�"� (��>!�  �� ! ������#  �
n=��>!� ���^# ,�= .�(!� (!�X�U ��� >(+$ ! (� B�Q���L �� U�!+- B� �!� %�
  B"]�^��^#  ����� �p�'=(! %+cG�
�0#� ���M E � ���N ST=�� 	G
\��� � � H��!�� ���'�� ����	�� �cG� .� (!� <�,���L �&=�>!�  �� !# e �� 

�(��
��� !�\� F&� B,GM �! ���M �R�) � *!� �=�L �D= U�!+-�N B�= � � %�E B�=���	�� .� �E B�R��E  

!��� �(!���# !(�� � �X�#� � ?������	�� +� sR�E �!��  ! .�E ���'�)!�L  B� sR�E��# "� �!���(��  (� ?�!���
P�)(���-!# ?�� ��� 1+]+�!��# �I� Z�)! �� ��)!�B� � �+=�� ��H ���# ��E ����	�� �+= ���� "X!�#  x�I  (� %0

� B�)��� B +� (+.K# �+E! (!�I� .�L � sR�E�L 1 -  �=1 +n���� ��I� � �)!�� �W  � �����:  B�1 %�
   �����
���,G- /+,^� ?�� (� W��G= %��� [���� /+,^� � /+,^��  �)! .(� L�! �B"]�^� (!�I� sR�E ��+� ��!�� �� 

412/0 ± 421/0B��)� ��0 B� #��K �! �X� N)��� ?�� (� #��)��E ��	���� ��� B��&� �!�� <�,� �)! .
���'�)! �! L�! sR�E B� �
�� (� ?�� #��� �� ��!� ��� (+.K �Y�$ N)��� �)! � #����(! #��- ��= �! ��$ ?�� 

F�!�Q #� �(�0.  

(� � �( ?�� ����) �! F��(+	]! L�	 ��� #)��� �!�� N���= B�a ��� #=�-o�! ���'�)! �E ./�D� ! L�! F��(+	]! �� 
����� #�
�� ��� ��!� �� � (��R�) Y�� ?�� ���) *�P ! �Q�� .L�	 ��� #)��� ���  B� L�	 ��� #���K 

��)��K ���
�� B� ����I� L���� �(!� � L�! #�
�� w-�� #� �+E B� (� (+.K :� ��n�� �/+,^��  �����! #��&  
�!�� %0 %��� B� #�)(� H��� ���� .L�! #�
�� (� ?�� ���) ���	���� B� N,O! �� ��!�E ��K � Z��K �) � (�� 
��(!� �X� � �X!� #�!�� _���  !( H�!WQ! #� ��� .B� >(��-��	�� ��! :� U��- #^��� (� BI^�� �! ��!�E /+,^��  

B�E!� ��E�� #�K (� >(+$ /+,^� %�+� ���) �U�!+- L�	 ��� #)��� B� #�)(� %0 %��� !( N)����  s�D
= 
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#� ��� .L�! ������( *�P� ! *+� #�R��E #����(! ��	���� !( ��+I= ���� � �� ������  #���� [�X� <�,� (����) 
�)!.  

�� �_ �cG��L E�K (!�I� B� �!� %�
 �B !��#� ) U�816/0! B� ��)a�� (�L � B� ��"����	�� ��� !�� N)���� 
! <�,�� !�# ,� ;(�� (�# B� �%���,� � B,$�Q �)+�� (+����� !�E �!�� 1+]+�! ?+G"���# ! .� (!� BI^���L �B�Q� 

���	 � !�� <�,� B� �)! %0�   ��I������� ����	�� ��#� !�E ���� B� �u��� � y�R  [���� �� �� ��Q HE+� ��
����# )��)� �F�!���# �0 ����� B� N)���# (�� �� �GK!W� �! ���  �� ! #�)!.   

p�'=(! B�U�]� ��ST= �� HE+� #���� � #)��)� B� ����� #�!dO- #�� �! U�!+- ���,� /+��� #� �+E .HI  ����� 
#�0 )B �R��( �� � BG
\ �� (W�  B�U�]� L��T= /0 � /dM BG"� ��� �<�,� (���� W��K ��G�! �)! .�! �+)��	�� 

���M �� � ������� #)��)� B� %!+�- U�!+- N��D= ��	���� � #	���� #��	���� UG- #� ���� .N�E W�  ��ST= 
B ���� {�(!� !��� [���� �� N�E a�� �a+G"� #)��)� %�� ! !( ����� ���� � ��	���� L�! ��= �!�� <�,� F�!�Q 

#� ����.  

B� p�'=(!  %!+�-��# B']h� �! ��� ,���� �)��E#� �E{ !��� � HE+� H��!�� �����#� ,X! p+ �F ,��# !dO ����� �#� 
+) �! .�)! �Sh������	 �0 �����# B �R��( �� ��) BG
\ � �� )�)! HI  (��# �T= (��L BG"� /dM � /0 ���  �+I]��

!��� ! <�,���' �# �������M . �� � ������� )��)�#  �W '�� HI # �E��� 	���� (�# ����	��  ��o- � B�E!�
! �����P Q � ���W��#� ���B� ��) !WQ!�H ���(+R���  �� !# r�� � ���� I����F E .������N ���L B ���� �S! !� 
�(!�. E �� [�����N ���� !�� �a+G"�� %�� ! G� B� � ����� Z��)� U��X ��G� ���L ]���U ��	���� ��� L�! �=� 

!��� � F�!�Q <�,�# ������"�� >�"]�^� . � F]�)(+�) �&E+� %��)! %���� BI^�� %+cG� v,�D� [���� (� �
 �%!(��G�1400�( BI^�� ��I'X(Farhadnia et al., 2015)  �W��� ���)0 �(Bai et al., 2018)  ��!� %�
   B� � !

<�,� K!+  ��#  ����+�# )��)� ��#  HE+� � (!+E�����# B� !( �+� ! � %!+�-���	�� ��� M�= /+,^��� �# ����.  

�B�Q� ��� !�L F� B"]�^� ��)!(  >�"]�^� ��B��
� �) (��� HD� ��� ! <�,� H��!��� !�#  �! ?�"Q �g�'K >(��f ��
����	�� ��� ���
 !�E ���� 1+]+�!��# �T= y�R�� ?�� �X� .�(!� ��)�� (+	]! /�D� !�F� �'= � N)�����  �! �)(�

sR�E X� �R��E (��� (� ����[ ���
# ��� ���^# = ��&�>!�  �� !#� �# � !+= �G��!(� �Sh�� !��� B�� �� (�W�  �
!�M!� �g�'K >��!�X!# .�E��  

_���  L�! B"]�^� %�
  #� ��� B� U�!+- # �� ! U��E B")+= L��� ��� ���(��
� #���W  �����)�( �!�\ *!� � 
(+�- ���M �� �! F&� L��= >!���&= �!�� ��	���� <�,� # !��! (� ;(�� #,� %���,� ����� .?�� InVEST B� �!�� 

#����(! :��( ��	���� ���'�)! ��E %�
  �!� B� (+�- ���M �� � ������� #)��)� �� �$(� :��( #"GP= 
8/15� �$(� sR�E ����� a�� )26/2(� L���
�� ��S�= /�D� !( N�) � �(!� ���� ��	���� � H��� %���! 

B��M #��M LG�! <�,� ��E  �)!. �!�\ H���K�! �� *!� �$(� :��( #"GP= )56/12( L�! .�(!� (!�X *�� B�=( (� 
p+f+� ��
�� B�U�]� ���X( ����� #�!dO � N��D= HE+� #���� �)! B� w-�� H��� ��'�� ��	���� #� �+E .

�L��cG� L��� ��� ��(��
� �� N��D= ��	���� #"��� � H�!WQ! U��"= %�� ! �  >��K �HK� �������� ��M �� 
��	���� � (!� )����� :987/0 .(#���W  B�  ����)�(41/6 W�  �$(� ����&= U��XBM+= �)! B� #� � !+= >�f(�"= 

%�� ! �  >��K HK� !( H�!WQ! ��� .B�Q�� �� %�
  #� ��� B� HD� ��� �W��� � ����Q!(�� ;(�� B� #)��)� 
# �� ! (� %0 �� �=����� ��)! L���&� [���� �!�� J'K ��	���� <�,� ����� .B
I  ��� B�&= ��E �! >�I�� 
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v,�D� :��( #"GP= B� �+f� #I���� !( B� ������  ������ �
�� ������ #��)��E � ��� .B� %!+�- �?��� #I���� 
B� (� #���W  ���M �� � L��� ��� ��(��
� (!�X �� (!� L��=a�� :��( !( %�
  #� ����.  

>�"]�^� B��
� (� %!��! � ���) x�I  %�&M W�  B� _���  #&��
� �)� B�Q�� � ! B� ��G�! U�!+- # �� ! (� H��� 
��'�� ��	���� !( ����= #� ���� .B"]�^� Rezazadeh et al. (2017) ���T= #� ��� B� H�!WQ! >oR!�� �# �� ! 

#	\(�z�� ��	���� �� !( H��� ��!� � p+�= #���� !( ���&= #� ��� ._���  �� W�  %�
  #� ��� B� ���� 
#��	���� #E�  �! (+�- ���M ��� #�� �! r(W� L��= H]�\ �� �!�� ��I� <�,� # !��! �)! .�L��cG� >�"]�^� B��
� 

L�� #,,G]! (� [���� �g�'K ��E �I��Q0 � ��)0 (Li et al., 2020; Piet et al., 2019) %�
  ��!� � ! B� B")+= 
L��� ��� ��(��
� � �*!� �!�\ �! U�!+- #,$! N��D= ��	���� ��� #"��� ����� .B�Q�� ��� L�! H��
� W�  ����= 

#� ��� B� ��]�"Q ��� ��(��
� (� #���W  ;(�� #,� %���,� #�� �! U�!+- ���,� (!d���S�= �� ������	 <�,� 
�)! .H��
� ��� �	�� (�  %!��! (Abdollahi et al., 2023; Nematollahi et al., 2020) %�
  ��!� � ! B� �!�\ 
H���K�! *!� B  �&�= HE+� #���� !( N��D= #� ���� B�,� ����� #�!dO BG"� ��� #"��� �<�,� ��e  U� � W� !( 

H��� #� ��� .L�! p+f+� (� _���  �� W�  B� (+� sD
� ���� #� �+E .B���I� L�! _���  %�
  #� ��� B� 
>!���&= # �� ! �� ��	���� �� B  �&�= ����� B� ;(�� #,� %���,� ����  B�,� :� H]�\ # �&M �)! .�+)�!��	�� 
���'�)! �! ?�� InVEST B� %!+�- �(!W�! �S+� �!�� #��)��E � U�,�= �:��( (� >�"]�^� # �&M W�  ����= ��E 

�)!.  

�� �+M� _���  ��GE�(! L�! �H��
� ��\ ������� #,$! �+M� �(!� B� ���� B� %0 �� BM+= �+E .���D  >�-o�! 
x+��� B� >�E >!���&= # �� ! � F�!�= ��"GM *!� �� B� (+� U��� � [�X� (� Z��)� ��+�  �)! .���'�)! �! 

��!� ��� [�X� �= #� � !+= _���  !( �+�&� �
D�.  

! �� ��o-��L ��# ����� �!�� ��� )�)!#  ?��InVEST� ?oI�)! i�Q ��%� ( U�!+-�:� ]�K (� {�)!# B�  (�
!�E�� "X!�#� ���(�� �&= �!�>!� ��������# B� F� >(+$ � UG- U��I�� � !WQ!# ������  .��� L�Q�� � >o��"=�%� 
�&=�>!� � � v,�D�������� "GP=# %0 � ��# � !+= 0�� B����(��  sX� �� �(! (� Y!�� !���# "X!�# ST=�>!�  �� !#  ��

����	��  .�+E �P��L�!�����=0 >�"]�^� (� �#� ��&� ���� �( �!������� ?�� ��)� �)��E B� (��X B�#� ,�= ��U 
F� >!�S! ��= � %�����# �&=�>!� (��f ���E��� B� � �e # �)(.  

��o- ! ����L �� �_ !�L  H��
�B� �)! L�G� !�� U��� (+�� ����	�� ��� ���	 !�%!� �� �)�� B +� ��� K�>�  HK� 
U��XG"=�F �E�� { ��!� !�E�� 1+]+�!��#� ��=�N B +� !�� �&= p+  � >�E�>!�  �� !# � ���
# ��� Q!�nM��#�  �

,X!�G# � �� (����	�� B� .�)! >��'��%!+�-?���� B +� ��� H��!� �)! L�G� v,�D� ��� =��'��#  B� ��� �: 
�&= U��-��  � ���� %�
  B��
��� �: �&=�� BI^�� (� y�R !� ���	 ��G� �S! �)! L�G�� !�! .�E�� B�E!��L ��( 

��+	]!� B� �)� ! (� ���0�L �� B"]�^��� �K! ���x� � ���� (� ���
# ��� *+� �R��E# '= �(+� BI^�� �����  (!�X
��� ��cG� .��L ,�= %!�IQ�U  ���# ��# ���	 ����� �!�� �)�� +� ;(� �! � �� B���#� n=��>!� ����	��  �

�&=�>!� � %��� ?+� (�# �+E ,�= ��U ��� =0# ��!� �! ���'�)! �G) B� !( ��� ]+�# !�� ��� �( HP�) ��� 
�# ���.  

!�L ST= B"]�^��� n=��>!�  ���#� e �� !WQ! � �(�H �� �&= H����>!�  �� !# )(�� �(+� !( >����,� (�#  ��!�  (!�X
,�= .�)!�U  ���# G�! �!�� a��#�  (!�(+R���)!{ !��� ���(�� �&= �!�>!�  ��������# ����� +���  (� � � (!�
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n= V+D�)� %��� (d���� �# � +E! B� BM+= *�- .�L +���#� ! �E!��� B� �P�� �)! L�G����� !�E �!�� ,"Q# 
����	�� � !+= � �+E#� ��H ���# n=��>!� =0# K!�� �# ������!(� ������# B� .��� ����� !( >����,� ���
  (�

B +� �(+� ��#� ! <�,� �� ��� !�# n= B� ���  B���>!� ���^# Z��K ��� �( �R��E �� !�  ���# ��(�
Q (�� 
 �� !# �# � !+= �(! (����# X��[ �= ��= � >!�^R�L )��)� ��� �g�'K# ,� HI  �Sh���� !��' .���  

(� �& ��� *�  B\��! � (!WQ!��z�+ � !+=#� �+R ����� # ?�� (� ��)� �+=�� ����	�� �K �= �&�= ��! ��(!��  B� (��X
�E�B ��)� B +� (��Q( ��� ��c��� !(!� �� ������ H��!�� B��!� !� %+cG� ! <�,�� !�# ��(��Q( .�)!� +P��M� 

��+	]! �!dO� ,uQ H��!��# (��Q( >o��"= �� (�%� B +� !� � ��%� B +� !� ,�!+- B,GM�!# ! (� B� ������L 
?�� ��)� B�Q�� (!�X BM+= �(+� ��G� ! B� � !�L � p+f+�# � !+= �&  �X� ��#� ��H ���# �� ST=�(!d�� .�E��  

�!�� H��� >!���&= #��)��E ��E � �+�&� ������ ��	���� <�,� �# !��! >!��&�
�� ��� B�!(! #� :�+E   

*!� � !�\ ������ ��: *!� �!�"= %��� ����� U��E *!�X! L�!  �!�� y�R #I���� L��"= �;(�� Z��K [���� (� ��
��	���� �� !( ��ST= L���G� B� !�\ �(��G� B")+= � � (!� #=��K ���  !�\ ?���� �!�� #���)�( ��!+M �� #,�� ���

�P�! ��+
� � �)! �(!��!� H��� �!�� ���u�X! ���.  

 ��(��
� B")+= ?����: L��� V���� �� ������� ?�G-!  (!���� ��(��
� _���= � ;(�� Y!��! (� ��(��
� ���
�)! ���,� >��!�X! �! ��E�� <���G� #"��� ����� J'K �� B� .  

���M >!��ST= H��� �� :#� (�� L�! �(d� �!�K! [��� �! � !+=�� >��K ���   %��� ����� �#=��K x�I  (� HK�
F���) ��P�! � y�R >�-�) (� B�,I  U��)� ���= ���M (� �-�) ?���� � >(�e  ���  ;(�� �! �(+�- ���

%���! �E�� ��d� .  

B�� �� �!�M! #E�+�0 ��� : B� ���  #�+G- #���0 ��+I= � %0 ��	���� � <�,� ��G�! �(��(� #,�� ��!+M V�+�0
��E�� ��+]�! (� ���� �	�� >!���&= � ��P���O (��E ������� .  

 B")+=H��
���� ����0: �(���Q �! ���'�)! B�Q�
�� ��� L��(�� �� �� �= B,= ��� ��!� � �! �(!+��� ���  �+�&� �!�� �!
B��E � ��	���� �� #G�,X! >!���n= � >!���&= >����,� >!�S! B"]�^� �U�,�= �X�  ���) v,�D� U�!+- %��� #,��"=

#� ��&�
�� #"GP= >!��ST= ��&� ;(� �!�� !����&= �+E.  

  

���C2E��K  

!�L �(! Y�� �� H��
����# (�:� ����	�� ,� ;(�� (� <�,�# ��&� �� �%���,� ���� �(! ?�� �!���# (�:� 
InVEST ��  .�E *�P !�_ � B� �!� %�
 ���	�� ,� ;(�� (� <�,�# B� %���,� ��= (�
Q ��= >�E��#  U�!+-

���^# �&= ��>!�  �� !# ,�= .�(!� (!�X�U ?�� ���  ���# �(! ����# (�:� ��(+���Q B� �!� %�
 � ���^#  �� ��
�W  �p�'=(!��# B� �0 �����#� E�N ���L ���M F�!�= � 
I  ��# "=��L ����� � (��'�� !(�� �#� ����	��  .� (!� <�,�
! (��� (��L �� U�!+-�"#� �&=�>!�  �� !# �� V���� B,GM�!�L ��� �(��
��� !�\� �# �(�B  �! ���M (+�- �*!�

����[ Z��K ��	� +�) B")+= � ��� ��)�(#� ��(�
Q B,GM�!� I����F O ��I�����G# �� B� ������(!�� !�L 
����	�� ���� BM!+� �^R �� !( .� !  
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!�L �B�Q� �� ��K# �&= B� �)! %0 �!��>!� ST= �� ��o-�>!� "f+�#� ".= w-���v ,�# 1+]+�! ���,G-��# ����	�� 
,��X � ��E�� �
�� ��# "GM �!�� ���(!� B� !( <�,�  � H��� (���# �����\ *�!�= .�L ��(�
Q#� �# � !+=  B� �P��

���K ��G,X H���#� n=��� ��� H��� �B +� (��Q( (��� !dO#�� !WQ!�H H�= ���  �� ! #– �K>�  HK� �& (� ���� 
]+= � ��I� t�  H����U��� !�! .�+E�L ��( �� �_ !�L  H��
��&�= $+= B��v "f���  +��# G  �����# ���.  

���(�� �(! ?�����# (�:� InVEST ! (��L ! B� �!� %�
  B"]�^��L ,��X (!W�!�� �)���# !��� �)��E#� K!+ # 
(����:� +]�!�� ���� �g�'K >��!�X!# � ��H ���# �������� ]�"Q�� ���  �� !# ��  .�(!��_ B� �)� � ���0# � !+= 
B� �� %!+�-�B !� G,-# !��� ��=�L ������!(� �g�'K# K!�� ���GQ��# (��)���+� ������# !�E �� (����)�� ,��# 

!�M! �� B�� �� ��� ��(�
�# �+� ��!+M ��# � (!�X ���'�)! �(+����.  

(� �& ��� �B�Q� ��� !�L � H��
�# � !+= B� +	]! %!+�-� U��XG"=�F !��� � �! �g�'K���	�� B +� ���  (� �^R (�
�)�� ;(�� ��� ,�#  [���� ��g�'K ��E   (+
��W � (!�X ���'�)! �(+����.  

  

 gS�/�  

�!��!�G# !��� ���'��{ ������G#� )�� ���K {��G���  !�	��#� B ��K{ Q+$#� �+G��. )1402(. �( �! ���'�)!���� ,�=�U  ���E
-�G�M!# �� (����>�f(�"= � r(W� %!(!+D�E+� � %�� !,� ;(�� (� B�M# �T= ��) %���,��� po�! ���E �� �)(#�� .(�� ���� 

���"#� 76 )���
 �(B��  :s$29-43 .  
�WP�! �(��&�  {BG��Q�#=��� {F���  ��+�&�{���� ����) ) .(�� 1400 .(# !��! <�,� ��	���� # �E+zG� %!W�� #)(�� (Panthera pardus 

saxicolor)  BG"� !�g�'K BI^�� :��(+� B"]�^�) %0 �����(+ �M ���� ���� B���,uQ �(�� <�) ��E 13)2 :s$ �(9 -16 .  
) .BG��Q �#Eo�1395H�� ���,G- B���I� .(V�( #��� %��E0 #,��- U�,�= ���*+� �+I]�� B
I  B�&= (� ���!�K #���� 0 � #�R��E

B +� ��	
��( H��!��%���� .(�Q��M %��)�&E �=!�� :��(+� B"]�^�) #���� ����=�� B�E( ��E(! #)��E(�� B��  :�G��!( ���)! ��(!�
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