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Figure 2. Criteria capability layers for beekeeping: A) Attractiveness layers and flowering period vegetation, B) 
water access, C) average temperature in May to September, D) road access, E) slope, and F) Criteria capability 

of all criteria for beekeeping use 
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  �(� 1-  (� DB
M��\ ��
�B,� D,�#,�=�B 

 evaluation beekeeping of model fuzzy-Non .1 Table  
,
�<���B 

criteria-Sub  
��=> 

Class  
I�<k� 

Status  
+��� 

Score  
,
�<���B 

criteria-Sub  
��=> 

Class  
I�<k� 

Status  
+��� 

Score  

���
M B� ZC (�!�) 

Distance from water (m) 

1 < 500 24 U���
�� 
�#D ��� ,# +
�D
�  
<M )C°(  
Average air temperature in active months 

(°C) 

1 10 - 17 10.1 

2 500 - 1200 16 2 17 - 25 6.67 
3  1200 - 2000 6 3  25 - 37 3.33 

4 > 2000 0 4 >37 0 

��=> ��Q�I� (�,#) w
�9%��( 

Attractiveness class 

(Percentage of canopy cover) 

1 > 0.9 21.3 

X�% ((�,#)  
Slope (%) 

1 < 10 9 

2 0.5 - 0.9 14.91 2 10 - 40 5.94 
3  0.1 - 0.5 7.46 3  40 - 70 2.97 

4  <0.1 0 4  > 70 0 

+,�# �V��# (B�,) 

Flowering period (days) 

1 > 85 14.3 

I��>, �=7� ��� ((�,#)  
Relative humidity (%) 

1 0 - 30 5.8 

2 45 - 85 11.44 2 30 - 60 3.83 
3 10 - 45 5.72 3 60 - 80 1.91 

4  < 10 0 4  80 - 100 0 

���
M �$�!$# �� +#
� @)�!����(  
Road access distance (km) 

1 < 1 11.8 

������ I��$ #
� X	
\ )km/h(  
(km/h) speed wind prevailing Maximum  

1 0 - 10 3.7 

2 1 - 2 7.79 2 10 - 30 2.44 
3 2 - 3 3.89 3 30 - 50 1.22 

4  > 3 0 4  > 50 0 
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area study the in development beekeeping for map constraints Boolean 3. Figure  
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 �(� 2- I$�WM � (@ z��D
� ����� ��]�� #,�� �<	
]� 

area study the of types forest of code and List .2 Table  
(@ 

Code  
z�� ���� 

type Forest  
1 pallida Gypsophila-fasciculifolius Astragalus-intricate Centaurea  
2 triuncialis Aegilops-brantii Quercus  
3 tectorum Brous-brantii Quercus  
4 intricat entaureaC-fasciculifolius agalusrAst-naufelum Pteropyrum  
5 arabica Amygdalus-brantii Quercus  
6 bulbusum Hordeum-distachya Trachynia-brantii Quercus  
7 tectorum Brous-brantii Quercus  
8 triuncialis Aegilops  
9 bulbusum Hordeum-tectorum Brous-brantii Quercus  
10 oxyacantha Carthamus-triuncialis Aegilops-brantii Quercus  
11 distachya Trachynia-tectorum Brous 
12 distachya Trachynia-tectorum Brous-brantii Quercus 
13 forbs Annual-grasses Annual-intricate Centaurea-brantii Quercus 
14 distachya Trachynia-tectorum Brous-oxyacantha Carthamus-brantii Quercus 
15 arabica Amygdalus 
16 brantii Quercus-arabica Amygdalus 
17 distachya Trachynia-sfasciculifoliu Astragalus-brantii Quercus 
18 nummulariifolia Lonicera-mucronata Daphne-orientalis Amygdalus 
19 orientalis Amygdalus-monspessulanum Acer 
20 monspessulanum Acer-brantii Quercus 

  

  
-,� 4- 0CN� #"�7�P%D �$�%; 0N4�� 1��� 0(7�4� 

area study the of map typology Plant .4 Figure 
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 �(� 3- G�
!� ANP ,# I��	��D(�� 
�,
�<�D  (� ��
�B,� D,�#,�=�B 

model evaluation beekeeping for criteria of prioritization on results ANP 3. Table  
<��,
 

Criteria 

E
a 

 Raw  
 
��� )0-1( 

1)-(0 Normal 

 
��� ((�,#) 

(%) Normal  
(�� 
j  

Ideal 

�=�,  
Rank 

��=> I���Q�  
class Attractiveness 

0.142 0.24 24 1 1 

+,�# �V��#  
period Flowering 

0.128 0.22 22 0.903 2 

U���
�� D
�# ��� ,# +
�D
�  
<M  
months active in temperature air Average  0.124 0.21 21 0.877 3 

���
M B� +#
�  
oadr from Distance  0.087 0.13 13 0.613 4 

���
M B� ZC  
water from Distance 

0.071 0.11 11 0.499 5 

X�%  
Slope  0.034 0.05 5 0.246 6 

I��>, �=7� ���  
humidity Relative  0.017 0.03 3 0.123 7 

������ I��$ #
� X	
\  
speed wind prevailing Maximum  0.013 0.02 2 0.091 8 
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/h$�!� Z�a � a��� Z�a ,# �K% 5 �j�,� +(% .I$� 

  

 �(� 4- �	#
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� � ;���� I��_� DB
M D��� I�� ��|!� ���!M,,
@ ,# B,���
� D,�#,�=�B )��W�+(% h$�� ��,
@ 
� �^� �$
�%,
@(  
evaluationEquations and fuzzy membership functions of the eight variables used in beekeeping  .4 Table  by prepared(

)opinion expert with user the  
,
�<� 

Criteria  
;�
� I��_� DB
M 

function membership Fuzzy  
,
�<� 

Criteria  
;�
� I��_� DB
M 

function membership uzzyF  
I���Q� 
�
�V (�,#) w
�9%��( 

Plants Attractiveness 

(Percentage of canopy cover) 

 + 0.0383x + 20.0004x– Y=

0.0398  
X�% ((�,#) 

(%) Slope  
1 + 0.0051x – Y=  

+,�# �V��# (B�,) 

(days) period Flowering  

(5 �K%) �n�n� DB
M I��_� ;�
� 
Triangular fuzzy membership 

function (Figure 5) 

U���
�� 
�#D ��� ,# +
�
�D  
<M )°C( 

Temperature in active months (°C) 

Y = 9.329E–9x5 + 0.0x4 + 

8.852E – 5x3 + 0.003x2 + 

0.011x + 0.1 

���
M B� ZC (�!�)  
(m) water from Distance  

1 + 0.0051x – 25x–3E– Y=  
������ I��$ #
� X	
\ )m/hk(  

 speed wind prevailing Maximum

)/hkm(  

Y = –0.0002x2 – 0.0088x + 

1 

���
M B� +#
� )�!�(  
(m) oadr from Distance  

1 + 5x–9E – 28x–8E– Y=  (�,# I��>, �=7� 

(%) humidity Relative  
Y = –6E–6x3 + 0.0002x2 – 

0.0165x + 0.3869 
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-,� 5- R*�D 3+�S� #)�	 �T�T� �1 ���� �%U>� ���*) #��* ��%(� !��1 -;�$1  
criterion period flowering the for variables linguistic four of function membership fuzzy Triangular 5. Figure  

  

AB,� ���
M �$�!$# �� +#
� ,# ���`D
� [��>� ;�
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��C ,#  �(� 5 
�� #�# �@ ,# U�� 27 ;=�� ��C /#���� 
#?��JU��� �$�!$# g���� �� ;=�� 26 I$� �@ ,# ���
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25 D�!� +#
� ,��T .I%�# U���,�# �$�!$# ?�� b�<!� �� 
;=�� 24 #�� �@ +#
� B� ���
M 2649 D�!� C ,�=� ��#�@. 

  

�(�  5 - ���
M ���`D
� [��>� ;�
�� ��C 
� J�#?�U��� +#
� (�!�)  
(m) road nearest the to sources water aroundbuffers  from Distance 5. Table 

(@ ;=�� ZC  
code source Water 

���
M B� +#
� 

distance Road  

AB,� ���` 

value Buffer  

(@ ;=�� ZC  
code source Water  

���
M B� +#
� 

distance Road  
AB,� ���` 

value Buffer  
(@ ;=�� ZC  

code source Water  
���
M B� +#
� 

distance Road  
AB,� ���` 

value Buffer  
26 25 1 21 677 0.905 13 1195 0.78 

11 45 0.998 20 705 0.899 17 1433 0.709 

27 68 0.996 3 768 0.886 9 1720 0.611 

25 100 0.992 5 782 0.883 16 1761 0.596 

7 119 0.99 12 792 0.881 14 1806 0.579 

10 327 0.964 19 799 0.879 6 2276 0.383 

4 351 0.961 1 1072 0.814 8 2281 0.381 

2 564 0.926 22 1112 0.803 15 2434 0.309 

18 631 0.914 23 1136 0.797 24 2649 0.202 
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 �(� 6- AB,� ,
�<� 9%�� V��
� D��� D,�#,�=�B ,# z��D
� ��
�V ��]��  
area study the of types plant in beekeeping for vegetation of value Critical 6. Table 

z��  
ypeT 

w
�9%�� �@ 
((�,#)  

 Total

 canopy

(%)  

I=7� w
�9%�� ,# ��=>D
� I���Q� )0-1(  
Canopy ratio in attractiveness classes (0-1) 

AB,� )0-1(  
1)-(0 Value  

Class 
I 

Class 
II 

Class 
III 

Class 
IV 

;�
� ��Q���I 
w
�9%�� �@ 

The 

attractiveness 

function of the 

total canopy 

AB,� 
W��� ��Q��I 

 final The

 of value

attractiveness  

AB,� 
W��� 
B�+(%,�# ��Q��I 

 weighted The

 of value final

attractiveness  

+,�# �V�#� 

 Flowering

period  

AB,� 
B�+(%,�# +,�# 

�V�#� 

 Weighted

 of value

 flowering

period  

AB,� �@ 
,�#,�=�BD 

 final The

 of value

beekeeping  

1 28.1 430.1 0.469  0.103  0.285  0.8 0.68 0.41 0.8 0.32 0.73 

2-1 10.5 0.191  0  0.133  0.676  0.4 0.31 0.18 0.8 0.32 0.5 

2-2 8.41 0.499  0  0.287  0.214  0.33 0.29 0.18 0.8 0.32 0.5 

3 8.16 0.49  0  0.277  0.233  0.33 0.28 0.17 0.6 0.24 0.41 

4 19.3 0.161  0.425  0  0.415  0.63 0.52 0.31 0.6 0.24 0.55 

5 20.8 0.144  0.385  0.144  0.327  0.66 0.55 0.33 0.6 0.24 0.57 

6 19.9 0.377  0.266  0.201  0.156  0.64 0.57 0.34 0.6 0.24 0.58 

7 11.1 0  0.09  0.126  0.784  0.42 0.3 0.18 0.4 0.16 0.34 

8 12.7 0  0.102  0.465  0.433  0.46 0.35 0.21 0.4 0.16 0.37 

9 5 0  0  1  0  0.22 0.18 0.11 0.6 0.24 0.35 

10 13.1 0  0.237  0.099  0.664  0.47 0.36 0.21 0.6 0.24 0.45 

11 9.9 0  0.111  0.586  0.303  0.38 0.3 0.18 0.6 0.24 0.42 

12 5 0  0  0.043  0.957  0.22 0.16 0.09 0.4 0.16 0.25 

13 4.6 0  0.174  0.326  0.5  0.21 0.16 0.1 0.6 0.24 0.34 

14 19.9 0.01  0.281  0.317  0.392  0.64 0.51 0.31 0.6 0.24 0.55 

15 9.3 0  0.247  0.108  0.645  0.36 0.27 0.16 0.6 0.24 0.4 

16 19.6 0.235  0.026  0.561  0.179  0.64 0.53 0.32 0.6 0.24 0.56 

17 31.5 0.152  0.53  0.191  0.127  0.85 0.74 0.44 0.6 0.24 0.68 

18 18.64 0.365  0.49  0.145  0  0.61 0.57 0.34 0.8 0.32 0.66 

19 28.04 0.221  0.301  0.26  0.218  0.8 0.68 0.41 0.8 0.32 0.73 

20 37.8 0.294  0.492  0.124  0.09  0.92 0.82 0.49 0.6 0.24 0.73 

U���
�� Average 0.16 0.22  0.26  0.36  0.52 0.44 0.26 0.62 0.25 0.51 

  

 �(� 7- ��
�B,� D
�(`�� D,
@ ��]�� #,�� �<	
]� D��� �<$�� D,�#,�=�B ,# ,
K��, DB
M��\ E�$��  
aproach fuzzy-non conventional in development beekeeping for area study the in units work of Evaluation 7. Table 

(`�� 

Unit 

AB,� Value ��=> ��
T�I  
 Capability

class  
$�!$#� �� ZC 

access Water 

��=> ��Q��I 

 Attractiveness

class  

+,�# �V�#� 

 Flowering

period  

$�!$#� �� 
+#
� 

access Road  


�#D ��� 

Temperature  
%�X 

Slope  

I��>, =7�� 

 Relative

humidity  

I��$ #
� 

 Wind

speed  

x��"� 
)(�,#( 

(%) Sum  
1 16.8  14.91  5.72  11.8  3.33  5.42  3.83  2.44  64.2  S2 

2  16.8  7.46  5.72  11.8  3.33  6.16  3.83  2.44  57.5  S2 

3  16.8  7.46  5.72  11.8  3.33  5.24  3.83  2.44  56.6  S2 

4  16.8  14.91  5.72  11.8  3.33  4.41  3.83  2.44  63.2  S2 
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(`�� 

Unit 

AB,� Value ��=> ��
T�I  
 Capability

class  
$�!$#� �� ZC 

access Water 

��=> ��Q��I 

 Attractiveness

class  

+,�# �V�#� 

 Flowering

period  

$�!$#� �� 
+#
� 

access Road  


�#D ��� 

Temperature  
%�X 

Slope  

I��>, =7�� 

 Relative

humidity  

I��$ #
� 

 Wind

speed  

x��"� 
)(�,#( 

(%) Sum  
5  16.8  14.91  11.44  11.8  3.33  5.71  3.83  2.44  70.3  S1 

6  16.8  7.46  11.44  11.8  3.33  6.25  3.83  2.44  63.3  S2 

7  24  7.46  5.72  11.8  3.33  6.36  3.83  2.44  64.9  S2 

8  16.8  14.91  5.72  11.8  3.33  5.82  3.83  2.44  64.7  S2 

9  16.8  14.91  5.72  11.8  3.33  5.62  3.83  2.44  64.4  S2 

10  6  7.46  5.72  11.8  3.33  4.7  3.83  2.44  45.3  S2 

11  6  7.46  11.44  11.8  3.33  5.23  3.83  2.44  51.5  S2 

12  16.8  7.46  5.72  11.8  3.33  4.71  3.83  2.44  56.1  S2 

13  16.8  7.46  5.72  11.8  3.33  4.89  3.83  2.44  56.3  S2 

14  6  7.46  5.72  11.8  3.33  4.51  3.83  2.44  45.1  S2 

15  16.8  14.91  5.72  11.8  3.33  5.81  3.83  2.44  64.6  S2 

16  16.8  7.46  11.44  11.8  3.33  4.87  3.83  2.44  62  S2 

17  16.8  14.91  11.44  11.8  6.67  3.97  3.83  2.44  71.9  S1 

18  16.8  14.91  5.72  11.8  6.67  4.14  3.83  2.44  66.3  S2 

19  16.8  14.91  5.72  11.8  4.44  4.83  3.83  2.44  64.8  S2 

20  6  7.46  11.44  7.79  4.23  4.19  3.83  2.44  47.4  S2 

21  16.8  7.46  11.44  7.79  3.37  5.88  3.83  2.44  59  S2 

22  16.8  14.91  5.72  7.79  4.52  4.83  3.83  2.44  60.8  S2 

23  16.8  14.91  5.72  7.79  6.67  4.38  3.83  2.44  62.5  S2 

24  6  7.46  11.44  3.89  4.52  6.05  3.83  2.44  45.6  S2 

25  6  14.91  5.72  3.89  5.88  4.74  3.83  2.44  47.4  S2 

26  16.8  14.91  5.72  3.89  6.67  3.92  3.83  2.44  58.2  S2 

27  16.8  14.91  11.44  3.89  6.89  4.49  3.83  2.44  64.7  S2 

28  6  7.46  5.72  7.79  5.45  4.69  3.83  2.44  43.4  S2 

29  6  7.46  11.44  7.79  5.03  5.32  3.83  2.44  49.3  S2 

30  16.8  14.91  5.72  11.8  6.11  4.8  3.83  2.44  66.4  S2 

31  16.8  14.91  5.72  11.8  6.67  3.03  3.83  2.44  65.2  S2 

32  16.8  14.91  11.44  7.79  7.41  4.64  3.83  2.44  69.3  S2 

33  16.8  14.91  11.44  7.79  10.1  5.29  3.83  2.44  72.6  S1 

34  6  7.46  5.72  11.8  5.93  6  3.83  2.44  49.2  S2 

35  16.8  7.46  11.44  11.8  5.23  5.5  3.83  2.44  64.5  S2 

36  16.8  14.91  5.72  11.8  6.4  5  3.83  2.44  66.9  S2 

37  16.8  14.91  5.72  11.8  6.67  3.08  3.83  2.44  65.2  S2 

38  16.8  14.91  11.44  11.8  7.2  3.02  3.83  2.44  71.4  S1 

39  16.8  14.91  11.44  11.8  10.1  4.83  3.83  2.44  76.2  S1 

40  16.8  14.91  5.72  11.8  4.06  4.59  3.83  2.44  64.1  S2 

41  16.8  7.46  5.72  11.8  5.15  6.43  3.83  2.44  59.6  S2 

42  16.8  14.91  5.72  11.8  3.83  4.24  3.83  2.44  63.6  S2 

43  24  7.46  5.72  11.8  3.38  4.49  3.83  2.44  63.1  S2 

44  16.8  7.46  5.72  11.8  6.67  6.89  3.83  2.44  61.6  S2 
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(`�� 

Unit 

AB,� Value ��=> ��
T�I  
 Capability

class  
$�!$#� �� ZC 

access Water 

��=> ��Q��I 

 Attractiveness

class  

+,�# �V�#� 

 Flowering

period  

$�!$#� �� 
+#
� 

access Road  


�#D ��� 

Temperature  
%�X 

Slope  

I��>, =7�� 

 Relative

humidity  

I��$ #
� 

 Wind

speed  

x��"� 
)(�,#( 

(%) Sum  
45  24  7.46  5.72  11.8  6.09  4.86  3.83  2.44  66.2  S2 

46  24  7.46  5.72  11.8  6.67  6.25  3.83  2.44  68.2  S2 

47  16.8  14.91  5.72  11.8  6.67  5.59  3.83  2.44  67.8  S2 
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Figure 6. Beekeeping capability class map (right: F-MCE approach and left: non-fuzzy approach) 
  

 

  
-,� 7- �Z�1 0N� #�$ �*�I3% �*��&# #��1����) �1 �$��,$��# MCE-F � #)�	�%L 

approaches fuzzy-non and MCE-F in classes capability beekeeping of Percentage 7. Figure 
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�,
K��, G�
!� [F!a� 
Differences in the results of approaches 

I`
7� ),
!K�( 

Area (ha) 

(�,# 

Percent  


�,
K��, G�
!� ��
7K� 
The similarity of the results of approaches 

I`
7� ),
!K�( 

Area (ha) 

(�,# 

Percent  
F-MCE \�B
M�D fuzzy-Non F-MCE \�B
M� Dfuzzy-Non 

S3 S2 64.6 0.7 S2 S2 5145.8 57.4 

S2 S1 330.4 3.7 S1 S1 234.6 2.6 

S1 S2 3189.3 35.6  … … ... ... 

x��"� Sum   3584.3 40 x��"� Sum  5380.4 60 
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Abstract 

     Integrated forest ecosystem management plays an important role in controlling degradation 

and balancing its various functions for the sustainable use of all available capabilities. In this 

regard, beekeeping is one of the most suitable multiple uses of the forest. The purpose of this 

study is to introduce a fuzzy multi-criteria Evaluation approach (F-MCE) to determine the forest's 

capability for beekeeping and compare it with the conventional non-fuzzy approach. In this 

regard, beekeeping capability in 16825 hectares of Zagros forests in Kabirkouh region of Ilam 

province, Iran was evaluated by the two approaches in four classes and the results were compared. 

Evaluation criteria were the same in both approaches and included the percentage of the canopy 

of plant attractiveness classes, flowering period, slope, air temperature, relative humidity, 

prevailing wind speed, and access to road and water. The weight of the criteria was determined 

using the Analytic Network Process (ANP). In F-MCE, the values of the criteria were determined 

using fuzzy membership functions and the criteria were combined by the Weighted Linear 

Combination (WLC) method. Then, beekeeping capability was digitally evaluated using the 

Multi-Criteria Evaluation method (MCE). The results showed that 40% of the area of beekeeping 

classes differed in the two evaluation approaches and the main part of this difference (35.6%) is 

related to the areas that were evaluated in the F-MCE approach in the good class (S1) and in the 

traditional approach in Moderate class (S2). This difference in results can be attributed to the 

different methods used in F-MCE in which the adverse effect of boolean and subjective criteria 

evaluation in the traditional method is avoided through their digital evaluation with fuzzy logic. 
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