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Abstract Article Info 

Background and objectives: During the rainy season, soil infiltration replenishes 
soil moisture in semiarid regions, influencing vegetation regeneration, erosion 
potential, and groundwater recharge. Infiltration of water into soil is a key process 
for providing water supply to plants and plays an essential role in controlling surface 
runoff and groundwater. This study investigated infiltration modeling in different 
vegetation types (Quercus brantii, Astragalus ecbatanus-Euphorbia denticulate, 
Grass, and Grass-Astragalus rhodoseminus) in the Alashtar watershed, Lorestan 
Province, Iran. 
Materials and Methods: The study area, part of the Kashkan watershed in Lorestan 
Province, was selected for modeling infiltration rates using various soft computing 
techniques. The study area is located between 48°10′28″ - 48°23′29″ N latitudes 
and 33°45′17″ - 33°51′23″ E longitudes, covering approximately 112.54 km². 
Elevation varies from 1481 to 3613 meters above sea level. The area has a cold and 
semiarid climate with a mean annual rainfall of less than 570 mm. Five soft 
computing techniques—Support Vector Machine (SVM), Gaussian Process (GP), 
Multi-Layer Perceptron (MLP), and Random Forest (RF)—were used to model 
infiltration rates. The total dataset comprised physical soil characteristics, with 70% 
used for training and 30% for testing the models. The input data included time, sand, 
clay, silt, soil density, and soil moisture, while the output data were infiltration rates 
measured using a double-ring infiltrometer at 23 locations. Three statistical 
parameters—coefficient of correlation (C.C), Root Mean Square Error (RMSE), 
and Mean Absolute Error (MAE)—were used to compare the efficiency of all 
models. 
Results: The results indicated that the Astragalus ecbatanus-Euphorbia denticulate 
vegetation type had higher cumulative infiltration and average infiltration rates. 
Among the models, Random Forest (RF) and Gaussian Process with PUK kernel 
(GP-PUK) showed the least error in estimating infiltration rates with the input 
combination of time, sand, clay, silt, soil density, and soil moisture. The GP-PUK 
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model demonstrated acceptable accuracy in Quercus brantii and Astragalus 
ecbatanus-Euphorbia denticulate vegetation types with correlation coefficients of 
97.2% and 98.4%, respectively. The RF models performed better than other models 
in estimating infiltration rates for Grass and Grass-Astragalus rhodoseminus 
vegetation types, with correlation coefficients of 83.9% and 99.9%, respectively. 
Conclusion: Predicting infiltration rates is crucial for hydrologic design, watershed 
management, irrigation, and agricultural studies. The results show that soft 
computing techniques have suitable capabilities to predict soil infiltration rates. 
These models can quantify infiltration amounts and estimate runoff in different 
vegetation types. The research findings can help local authorities manage and 
develop their areas systematically and effectively. 

     
Cite this article: Beiranvand, N., Sh. Hasanvand, A. Sepahvand, F. Tarnian, N. Arjmand, 2025. Modeling of 
Infiltration Rate in Different Vegetation Types by Various Soft Computing Techniques (Case Study: Alashtar 
Watershed, Lorestan Province). Journal of Rangeland, 18(4): 565-581.  

 
  © The Author(s).                                                            DOR: 20.1001.1.20080891.1403.18.4.6.8    
      Publisher: Iranian Society for Range Management 

  

  

 

  

  

  

  

 

 

 

 

 

 

 

 

 

 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
03

.1
8.

4.
6.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

8-
01

 ]
 

                             2 / 17

https://dor.isc.ac/dor/20.1001.1.20080891.1403.18.4.6.8
http://rangelandsrm.ir/article-1-1274-en.html


      
 

567 

 

  

 

������ �	 
��
����� 
����������� �� �	����� �� �����  !�� "#�$� 
��"#�$� 
���	�� 
��   %&'(�)

(��+�� ,�$�- ���. :%0��'� 	���  

 
�������� 1��2�1 ���(2. %4�5! 61 %7� �8��#9 6��:*2<����� %�� =�4 63�(?@�� ���� 64  

 
1.  �����	
�� ��
  ��������� ������ � ����  ��	�   ��������� � !"	� ������ #$
�	% �$&����  �'�() !�$�� ��*����   �	+    .#�	,�  �$��   

2.     .�/0�  ���0,��������$    ��	����������  �  !"	�  ������#$
�	%  �$&����   �'�()  !�$��  ��*����    �	+   .#�	,�   �$��   #$,�� :2�$�  

sepahvand.a@lu.ac.ir  
3.  �$,�$
��    ��	���������� � !"	� ������#$
�	% �$&����  �'�() !�$�� ��*����   �	+   .#�	,�  �$��  

4.  �����5�� ��$�5�$� ��
  ��������� ������ � ����     ��	���������� � !"	� ������   #$
�	% �$&����  �'�() !�$�� ��*���� �	+    .#�	,�  �$��    

 

 %��&� B�9CD� ���5E    

:%��&� F��  

 6�$� 2%$7�–  ��8�9:  

  

1403 �#@ H18 ���?! 64  

  

  

J4���	 K����  21/04/1403  

 : ����: K����26/11/1403  

 :L��
� K����28/11/1403  

  

  

�M�::
��#N 
��    

   #$
�	% #$
��  

   	
�%� 2?�@  

   �	,A:B�C�  

D5�:   �8$��  

E
,��&%� .�	���$, �$8  

 

:O�� : %&���  ����$�  6FG .�) ���     B�C�H$+ �� I�� J)$�� �� �� H$+ K��)�  �2L  #�	(M N�+

��� ���  ���(��  � D5�:�8$�   0�$
:�6  $�	G,D  AO" �,2   I�$8�  P,�P	���   QR"�	  �����A�  2� I� B�C� .

E�� H$+S��$" !(�� S,	"  #$8$�� T$�@ ��	� I� �����K��  I� .	
�� �� ��$�� D7� �  � �UV� �$8

2�  .����  ����P	,P6�%�  K�WL8�   X�?��  ��  S,�  J�7U"  2�  .���P$�  ��  �	,A:B�C�  Y	�  Z�"  [�
��  �$8

Z�") �8$�� D5�: #��  ]��� �$8-^�	� � ^�	�  #��G	G-  P� ��$C
�� $� (#��E
,��&%�  �� �	���$, �$8

#$
�	% #$
�� 	
�%� 2?�@  2
+��	:  K�� ��5.  

L:� : 	���  :��  2'%$V� ���� 27V��  �*,a�%�G����ba 	c� P�  ���	� D�� ��^	��P    #$
�� ��#$
�	%    ��	d

����   �� 2+	� �P�@ 	,P P� ���� ��+ 2�  6*5 J�$V� 	
�%� �P�@ 	,P .�5$�)1  (.�) S��  �,$�G�	OM �$8

”28  ΄10f 48  ” $"29  ΄23f 48  h	� � �d	5” �$817  ΄45f 33  $" ”23  ΄51f 33    K@$0� $� �%$L564/797  

  X$C"�� $� �d	5 .$L5 D�� �� 2?�@ 2V7� S,	"���� .K�� 2
G	� ��	d !�	� 	
�����3613  K0: � 	
�  S,	"

  X$C"�� $� ����M D�� �� 2?�@ 2V7�1481    27V�� k�l$� �����$� S�&�$�� .���� ��	d $,�� mV� P� 	
�570  

����2L�� 27V�� E��d�  S"�$��� n�� ^$�� 	� � ���� 	
�  �	� � N�+K�� .�� ��	� J�7U" S,� �� .  �P$�

Z�" �� �	,A:B�C�E
,��&%� P� �8$�� [�
�� �$8  �	���$, �$8RF   MLP   GP-PUK    GP-RBF   SVM-

PUK    �SVM-RBF    2� �5 ��$C
��70  ���� �o��  � nP��� �$830  ���� �o��  2
G	� 	c� �� D,$�P� �$8

���� .�5 2�@	� ��	� ����� �$8���� .�� D,$�P� � nP��� �   ^� �o��  ��P� K��)� �o��  #$�P �$8

 �l �o��  �	8$p q�F�� �	M �  S5 �o��  2�   �P���� � �5 ��	� �$�2� �	,A:B�C� K�	� � ���� #����  �

.�5 2
G	� 	c� �� �M�	+  �$�'� 2� 2M�" $� 2� �%�� K,$�� ��2� ��� 2b��� �� I��M S,	
��  ��$,P�� �$8  #����

.�� Kd� ��$,P�� ��	� rs� .�5 I$�
�� 	"	� .���&
0(L8 t,	? ��$�� �$8	
���$: P� B�C� �$8  )CC   (

) J�V� �$V+ S�&�$��MAE) $V+ T$'�	� S�&�$�� 2�,� � (RMSE  ( .�5 ��$C
��  

  :P����2� u,$
� J�$V� D�� ���� K��E� � S,	"2� v��
� B�C� ���7� S,	"#�� Z�" 2� J�'
� t�"	"- #��G	G

^�	� Z�" �- #���� $� #��4/14   �25/6 �
�$��� K�$� �� 	
��� T�$C" S,� 2� �5$� �'��� E
@ ����"

  $� ^�	� �8$�� Z�" .��$, #$,	M I$���� 6*5 2� H$+ mV� ��� 	� $, �8� B�C� H$+ 6+�� 2� �� I� P�

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
03

.1
8.

4.
6.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

8-
01

 ]
 

                             3 / 17

https://dor.isc.ac/dor/20.1001.1.20080891.1403.18.4.6.8
http://rangelandsrm.ir/article-1-1274-en.html


 

568 

 

  #����3/14  �
�$�D�� ��� 2("� �� K�$� �� 	
�  	w���@ S��xL8 .KG	� ��	d v��
� B�C� ���7� S,	"

  ���7� $� B�C� K�	�2/37  �
�$�#�� �8$�� Z�" 2� J�'
� K�$� �� 	
�-  $� B�C� K�	� 6d��@ � #��G	G

  ���7�8/22   �
�$�^�	� �8$�� Z�" 2� J�'
� K�$� �� 	
�-�� #��  v��
� ���7� J�7U" u,$
� J�$V� .�5$�

#�� Z�" �� �	,A:B�C� �'L
" �-D�� #��G	GZ�" 	&,� P� 	"  �8$�� D5�: �$8K��  6o$@ u,$
� 2���� �� .

.�� P�.�� P� ��$C
�� $� �P$�Z�" �� ��� #$�� ��5 ��	�B �$8#�� � ]��� �$8-   .�� #��G	GGP    6�	� $�

PUK    S�(" t,	? $�2/97    �498  .�� 	,$� 2� K(0� �o��  �	
�� �	*�L� P� ��$,P�� �$8�$�'� 2� 2M�" $� $8

Z�" �� .K�� ���� �����+	�^�	� � ^�	� �$8-.�� S�� #��  $8RF   2�  D�� �� .�5 I$�
�� 	"	� .�� #����

2� ^�	� Z�" D,$�P�  	��	� t�"	"82/0   102/0    �064/0  ^�	� Z�" �� � ����-  u,$
� D,$�P� D�� �� #��

2�  	��	� t�"	" S�L899/0   0052/0    �0044/0  2� .K�� ���� K��  

%Q���
���  :D�:  K,	,��   �a�%����8  $�  2V���  ��  ��$��  �$8	
���$:  P�  �*,  �	,A:B�C�  #����  ����

 �P�@ �P��$�� $� v("	� T$'%$V� � ��$���  ����� �$8K��2� u,$
� ^$�� 	� �A% .   J�7U" S,� P� ���� K��

E
,��&%�n�� P� �*, �	���$, �$8H$+ �� I� �	,A:B�C� #���� S�L�" ��	� t�$�� �$8  � D5�: $� �$8

Z�"  �8$�� [�
�� �$8��
082� u,$
� ���	� $� � J�7U" S,� u,$
� 2� 2M�" $� X�L
� �� .  P� ���� K��

�� S���: T$7�7U"  S,� 2� #��".�� X�?�� $� 2V��� �� 2� ���� 2
�
�Z�" �� H$+ �	,A:B�C� �P$�  �$8

E
,��&%� P� ��$C
��  [�
�� �8$�� D5�:2� S�5$� �	���$, �$8) ���� ��,�	G �9,�GP 6&�M .�� � (  

) �G�$F"RF�� � 2
5�� �	��$� (�P$� �� #��"2?�@ � T�$C
� ��$�P �$8.�� S,� P�  [�
�� �"$'%$V� �$8  $8

2�.�	� ��$C
�� 27V�� I$���� S�L�" S��xL8 � �	,A:B�C� #���� ����	� ��c��  

  

:	�(���  2s� .X  ����0@ .n  .#  �����	����LM�� .#  #$��	" .y  ���   1403.  .��Z�" �� �	,A:B�C� �P$�E
,��&%� P� ��$C
�� $� �8$�� D5�: [�
�� �$8 -

8[�
�� �	���$, �$  	
�%� ����� �P�@ :2'%$V� ���� 27V��)(.   !"	�18)3 :(565-581 .  

 

 DOR:  20.1001.1.20080891.1403.18.4.6.8      

�!��#�	,� ����'"	� �L�� SL
�� :              © #$���0,��      

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
03

.1
8.

4.
6.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

8-
01

 ]
 

                             4 / 17

https://dor.isc.ac/dor/20.1001.1.20080891.1403.18.4.6.8
http://rangelandsrm.ir/article-1-1274-en.html


��� ��� �	 
��
����� 
���  !�� "#�$� 
�������    ... / �������� <���5?� :    

  
 

569 

 

 %��&�  

   KG$�  ���$�  ���'
�  6����  2�  H$+  2�  I�  B�C�

z�� #����  S��P K,	,�� � �	��$� #��� � ���	�G  ��,�

  	�c� I� �� J�'� ��$M ���� ���7�  H$+ �� y$*5 � P��

   �UV� {	(5l #����  �%� ����  �$�� 2�,�  �l � ^�

   H$+ �	8$p �9,� �	M  E,�� IAM K(0�  2�%�� K��)�

) ���� �&
0� ....  H$+ � I� �$�� � �����$� T�58  18  

  �35  2�  I�  B�C�  ��,�	G  	�  	�Q$"  $�  �?���  �	��$�  X��  .(

 Kp$C@  �%$0*�+ #�	U� K,	,�� �� �L�� D7�  H$+

  |	) P� �?��� �	��$� .���� 6�� � I$���� .	
�� � H$+

 ��9,� 	��O"  2�LM P�  #��$��� 2���8 � H$+ mV� �$8

�� 	�Q$" H$+ 2� I� B�C� 	�  H$+ AG$���	��$� .���A�  �$8

  #$,	M  ���7�  �  �*,��G  T$�o�F+  y	)  N,  P�  [�
��

KU" �� �*�%����8 K,��8 2
�
� �� � H$+ �� ���(�  	�Q$"

��  ��	d�d$�  K��)�  ���7�  	&,�  y	)  P�  �  �8�  ��  ���$�

D*� �� H$+�	��$� $� �?��� �� [�
�� �$8 [�
�� �$8

�� T�	��O" �$}� ���	��$� 	��O" .�,$L� �?��� [�
�� �$8

� ���E�� �$
,� $ D5�: #���� 	� 	Q� � H$+ mV� �����+

 T$�o�F+   �	,A:B�C�  #����  	�  ��$,P  	�Q$"   �8$��

) ���� H$+ �*�%����8 � �,$�L�5 � �*,��G17    �28(  .

  D5�:�8$��  �  S,�	�$��  ��U�  ��$C
��  P�   S��P  ��   .	
��  

B�C�  �$�0�  ��	Q~�  .#$8$��   �  {	(5l  #� $8  H$+  ��  ��  

6�$7�   T$�	?  #��$�  KcG$U�   ������   �  S��xL8  #$8$��  

tM��  ��%�"  �%�����  ��	�  2�  E8  S
���:  T��B  H$+  2� 

T��o  H$+2���  �����5  .#�����$M  ���$+   2�  S,�  ��,�	G  P�  

J,	)  2�  E8  #�P  T��B   ���'�   �  �%�����  H$+  NL�  

������  .K����$�  �#$8$�  �P  P�  ��$C
��  �$&�8  ��  S�  

O" t(�T�	��  P�$,  G	p ��K�  a� KU" B�C�E,  ����$��    �

 H$+ X��#$0*,  �����5  )31.( D5�:  �8$��   �� 	��O" $�

D5�: �$"   {	� mV� �   � �*,a�%�,��G K�G	p     2�,� JL�

S��xL8 � �
��)� �	�+B    �� H$+ D,$�	G  ��	d 	�QR" KU"

���8�  )6    �34  P� .(8 2(�M �*,a�%����  � D5�: �$"�8$�  

$�	GD,  �  $�  ��  H$+n	�  ����$��  ��8 �K,    2�  I�  S��

a	�� D8$� � H$+�  Q$" � #��$� T�	VdT�	�  $�	GD,  ���$� �  

��G� � D,  A:B�C��	,  � .	
���) ���2    �7  .(	��  	��O"   ��  

D5�:   �8$��  $"   �@  t,	�"  H$+   D�:   ���   S*L�  K�� 

��8�$�  D5�:  �8$��  2�%��  2�  27V��  P$�  ��	&�  �  tM�� 

��5 2� H$+  2�#���� #��� K��)� 6L�  ��*� .	8   ���$�  

2�  K��)�  ��  ��  H$+  D8$�  �8�  t(�  ���U�  #�5   6�  

K�%$'G �$8  �*,a�%���  ���  �8��+  �5  . H$+ �$8  [�'?  ��  

J)$��  N�+  �   2L��N�+  �$Lb��  2�2����  K�%$'G�$8  

  ��$0��  2��9,�  P�  J,	)  K5��	�  D5�:  �8$��   �,��"  

�����5  .K5��	�  �  �	������	��$8  ��2,��  #$8$��  ������"  

#$,	M  I�  ��  ��  mV�  !"	�  !,	0"  ���   �  ��� ���7�  ��   2�  

2�  H$+  �	G  �����  D8$�   �8�  .T�	��O"  �	,A:B�C�   2� 

   �$�� S�  �M$" D5�: 2�LMP� �$�� $� v("	� ��'
� 6����

  �  �%�  ����  �&
0�  H$+ �� ��M��  #$8$�� �%��"  6@�	�

)  ����1    �11.��  $�  ]$("��  ��  .(  ��  �	,A:B�C�  �P$�

Z�"  �$
�� �L� ���+ T$7�7U" �8$�� D5�: [�
�� �$8

�� 2�LM P� 2� K�� ��5  .�	� ��$5� 	,P D8�9: 2� #��"

) #��$*L8 � ����0@2021  �	,A:B�C� T�	��O" ���	� 2� (

.��  ��$,P��  �Z�"  ��  #�  �$8  �P�@  [�
��  �8$��  �$8

#� .��
+��	: #$
�	% #$
�� �� 	
�%� �����  D8�9: �� $8

2���
��  P�  ��+�P����  ��	�  [�$��  �$8  �  B�C�  �	��

.��.�� ��	� �
�� � ��	
" �$8  � ���	� ��$C
�� �P$�

S,	� .�� 2� ������ 2
�
� S,� 2�-  ��	� ��5 ��o� Ks��

Z�" 	w��� ����� $8�P���� ��	� �	"l$� Kd �	,A:B�C� �	��

.��  	&,�  2�  K(0�  H$+  ��  I�  ���  ��5  ��$C
��  �$8

)10  .(�a  ) #��$*L8 �2024 T$�o�F+ T�	��O" ���	� 2� (

  H$+ 27V�� �� S��P mV� D5�: 	�Q�$" KU" �	,A:B�C�

  J�7U"  S,�  ��  .��
+��	:  S�}  �d	5  .$L5  �$�� K�8

	��$�  �  �D5�:  [�
��  �P�S  �	��  ���	�  O"��T�	    ��

H$+  �	,A:B�C�  T$�o�F+  ��S  	��$��  �  �?���  �$8

  [�
�� D5�:��	�  $�$�5�,  QR" 6�������A�	  #� t%$�  $8

 .���5 I$�
��   #���� �� T�$C" 2� ��� #$�� J�7U" u,$
�

 S��xL8  �  H$+  KG$�  T$�o�F+  2�  H$+  �	,A:B�C�

)  ����  �&
0�  �8$��  D5�:  T�	��O"362�  .(  ���  ��)

  6�$7
�  v����  	�Q$"  KU"  H$+  �*,a�%����8  v,�	5

���x�:  �8$�� D5�:  ��$+  �G�	��:�" �$8��
�$G P� ��

) K�� �
,	,�� �15  ��	� �(�$�� �+$5 �	,A:B�C� � (

  #� #��� #$��K��  )29 S,� P� .( ��  �P�����L� � �	�� #�	�

�P�@ � I� !�$�� K,	,�� �� H$+ 2� I� B�C� ��,�:  �$8

  �����+	�  ��$,P  KW�L8�  P�   �����K�� X����  S,�	�$��  .

.��  P�  �C�
��  ��	�   ����x�:  P�  �C�
��  T$M�� $�   $8

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
03

.1
8.

4.
6.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

8-
01

 ]
 

                             5 / 17

https://dor.isc.ac/dor/20.1001.1.20080891.1403.18.4.6.8
http://rangelandsrm.ir/article-1-1274-en.html


 ��:	 6TUUU��UUU�18 ���?! 64 61403                 
  

 

570 

 

2
G$, 2'��" y��8� S,� 2� #���� .�� S,� .���  H�� ��	� $8

��5  �@�	)  B�C�  �$8��,�	G  P�  �	
��  ��	�  ������  �  ���

�	��$� �� �V�U� T�*�� ���	� � ��$,P��  [�
�� �$8

��
08  .��  P�  ��$C
��  �P�	��  2� n�8  	�  ��
(�  �$8

 ��$,P n	
0� �'�() !�$�� $� v("	� 6b$0� �� ����F�

2
G$,�P���� $� 2V��� �� �l$� Kd� ����� 	
��� �� � ��� �	��

.��  2�  K(0�  B�C� #$��  ��+  P�  �
��  �  ��	
"  �$8

�����P����  T��	?  ^$��  	�  �A%  .���  S�L�"  �  �	��

 mV� [�
�� D5�: S��xL8 � H$+ �� I� �	,A:B�C�

  ��  I�  �	,A:B�C�  #����  S��'"  J�7U"  S,�  y�8  S��P

C
��  $�  H$+2���
��  P�  ��$  �$8.��  �  [�$�� �P$�

Z�" �� �	,A:B�C�  P� ��$C
�� $� �8$�� D5�: [�
�� �$8

E
,��&%�  �	���$,  �$8RF   GP-PUK   GP-RBF   MLP   

SVM-PUK    �SVM-RBF  K��  J�7U" S,� �� !d�� �� .

  mV� [�
�� �8$�� D5�: X�� 	�Q�$" 2� K�� ��5 �'�

  I$����  D8$�  S��xL8  �  �	,A:B�C�  #����  	�  S��P

.��5 S��'" �UV�  

  

L:� : 	�����  

 %0��'� 	��� %&'(�  

  2'%$V� ���� 27V��  �*,a�%�G����ba 	c� P�  D�� ��

  ���	�^	��P    #$
�� ��#$
�	%  ���� ��	d    ���� ��+ 2�

  2+	� 2?�@ 	,P P�K��  6*5 J�$V� 	
�%� �P�@ 	,P .)1 (  

.�)  S��”  �,$�G�	OM  �$828  ΄10f 48  ”  $"29  ΄23f 48  

h	� � �d	5” �$817  ΄45f 33  $" ”23  ΄51f 33    $� �%$L5

  K@$0�64/797   S,	"����  .K�� 2
G	���	d !�	� 	
�����

  X$C"�� $� �d	5 .$L5 D�� �� 2?�@ 2V7�3613    � 	
�

K0:  X$C"�� $� ����M D�� �� 2?�@ 2V7� S,	"1481    	
�

  27V�� k�l$� �����$� S�&�$�� .���� ��	d $,�� mV� P�570 

���� 27V��  E��d�   S"�$���  n��  ^$��  	�  �  ����  	
�

 2L��  �	� � N�+K��Z�" .  ��$C
�� $� �8$�� D5�: ����

����8$� 	,�$F" P�6��� ��    $8P	� rs� .�,�	� �$
�� ���

2� .���,�	� ��o� � .	
�� 27V�� ��  Z�" �$�} ��� ��)

  �8$��Annual Grass- Astragalus rhodoseminus 

^�	�)-   (#��Astragalus ecbatanus- Euphorbia 

denticulata   #��)-   (#��G	GQuercus brantii    ]���)

  �  (���	,�Annual Grass    �"$'%$V�  27V��  ��   (^�	�)

  6*5)  �5  ����  ����"1  .��M  .()1(    mV�  D5�:

Z�" D,�	� � K�'?�  S��P #$�� �� [�
�� �8$�� �$8

��  $� 2%$0*, #$����� Z�" .�8�60    �o�� S,	
���  �o��

^�	� Z�" � �8$�� D5�:-    D5�: �o�� S,	
L� #��

Z�" 2L8 .K�� ���� q$F
+� ��+ 2� �� �8$��  �8$�� �$8

 .����� �C�� D,�	� � 	�7G K�'?� �����  

  

    

  

  

  

  

  

  

  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
03

.1
8.

4.
6.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

8-
01

 ]
 

                             6 / 17

https://dor.isc.ac/dor/20.1001.1.20080891.1403.18.4.6.8
http://rangelandsrm.ir/article-1-1274-en.html


��� ��� �	 
��
����� 
���  !�� "#�$� 
�������    ... / �������� <���5?� :    

  
 

571 

 

  

  

  
 V5!1:  : <����� <���� 6<���� %+&� 
:� %0��'� 	��� %&'(� ����4��W@ J�0X����� %+&������ 
��  

 �:�@1: ��� ����+�:� B�Y$+� �� �Z��  	��� ����� 
��

%0��'�  

 Z�" T$F���  ^�	�- #��   #��G	G #��  ]���  ^�	�  

 (%) �8$�� D5�:  25%  40  50  60  

 (%)  ��,	&�� � z��  40%  35  15  15  

 (%) K�% H$+  30%  15  20  15  

 (%) {	(5l  5%  10  15  10  

 K�'?�   	�7G   	�7G  	�7G  	�7G 

Z�" D,�	�   �C��   �C��  �C��  �C�� 

��� K�M   �d	5   ����M   �d	5   �d	5  

  

 [�&\� L:�  

  #���� S��'" ��	� [�$�� 2���
�� P� J�7U" S,�  ��

.�� � I� B�C�Z�" �� B�C� �P$�  �� [�
�� �8$�� �$8

  2�7� P� ��$C
�� $� ��
�� .�5 ��$C
�� 	
�%� #$
�	�5 !"�	�

 2�7�  ������  �$8�,�P$�  S��xL8  �  S��P  mV�  D5�:

 P� ��$C
�� $� 2���� �� � �5 2��" 27V�� �8$�� D5�: Z�"

  �,$�G�	OM T$��)� E
0�� ���G� �	� v�U� �� 2�7� S�L8

)GIS2��L� ]$7� (�P���� K�M ����	�  Z�" 	8 �� B�C� �	��

2� �8$�� D5�: 2� 2M�" $� .���5 I$�
�� �G�$F" T��o

 2�  ����  t�5  �����  ��5  I$�
��  ]$7�  ���  S*L�  2*�,�

�P���� t�$��  � �,�	Uo D,$L�: $� �A%  ��5$(� B�C� �	��

�P���� ��	� t�$�� ]$7� $, 2V7�  ��$�5�$� �,� B�C� �	��

�� P� �'� .���5 I$�
��6U� #�5 ��2��L� �$8  ����	�

2���
�� P�2� [�$�� �$8 S��xL8 � ���5 #��� u,�� 6�%�

) m�Uo �	��$� T��o �� ��C� T$��)� �$
,�23   27    �

32�P���� K�M  (  6*5) �5 ��$C
�� B�C� �	��2 K�M .(

  ��   #$�P  .�)  ��  B�C�  ���7�  	
��  T�	��O"  #���  #$��

#$�P  �$85/2   5   10   15   20   30   40   50    �60   27�d�

) �5 K(Q B�C� #����22   23    �26Z�" P� N, 	8 �� � (  �$8

  P�  6o$@  u,$
�  .�5  K5��	�  ��	*"  2�  �8$��  [�
��

�P����2� �8$�� Z�" 	8 �� B�C� #���� �	�� ����L� T��o

.�� P�  6o$@ S�L�" �  �'d��  	,�$7� S�� 20,$7� �  �$8

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
03

.1
8.

4.
6.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

8-
01

 ]
 

                             7 / 17

https://dor.isc.ac/dor/20.1001.1.20080891.1403.18.4.6.8
http://rangelandsrm.ir/article-1-1274-en.html


 ��:	 6TUUU��UUU�18 ���?! 64 61403                 
  

 

572 

 

 2�  .K��  ��5  2b���  B�C�  [�
��  �����L�  ���	�  ��c��

�	�  ��  �"$��)�  N�$�  2��"  $�  ��
��   u,$
�  ���G�EXCEL 

2016  �P����  ��$L"  ��	�  H	
��  ��$�P  2,$:  N,�	��  $8

2� u,$
�  ^$�� 	� .�,�	� �$U%  ��$�P 2,$:  ���� K��60  

K�$Q  #$�P  T��  2�  2M�"  $�  27�d�  ��  B�C�  K�	�  #�5

Z�"  T�	��O" �$8����L� � �5 I$�
�� �8$�� [�
�� �$8

 #� �� #$�P 2� K(0� B�C� K�	�  D�� �� .�5 E��	" $8

E
,��&%� P� ��$C
�� $� J�7U" 	&,�  �	���$, �$8RF   GP-

PUK   GP-RBF   MLP   SVM-PUK    �SVM-RBF  

.��Z�" �� �	,A:B�C� �P$�  �8$�� D5�: [�
�� �$8

  2�  KG	�  �$
��70  �  �o�� ���  �  nP���  �$830    �o��

���� ���� .�5 2
G	� 	c� �� D,$�P� �$8 ��	� ����� �$8

 2�@	�����  .��  D,$�P�  �  nP���  �  �o��   #$�P  �$8

 �l �o��  ^� �o��  ��P� K��)�    �	M �  S5 �o��

�	8$p  q�F��  2�  �P����  �  �5  ��	�  �$�  K�	�  �

2� �	,A:B�C����� #���� .�5 2
G	� 	c� �� �M�	+ �    ��

�$�'� 2� 2M�" $� 2� �%�� K,$�� I��M S,	
��  ��$,P�� �$8

2�  ���  2b���  �� ��	�  rs�  .�5  I$�
��  	"	�  .��  #����

.��  Kd�  ��$,P�� t,	?  ��$��  �$8	
���$:  P�  B�C�  �$8

�&
0(L8  )CC) J�V� �$V+ S�&�$��  (MAE 2�,� � (

 ) $V+ T$'�	� S�&�$��RMSE  .��M) �5 ��$C
�� (2  	� .(

}  	8  ^$��  S,�  #����  2CC  D��  #����  �  	"RMSE   �  

MAE   E�D��  �,��$�  P�  .��   �5$�  	"  2b���  ��	�  �	"

 �����+	� I��M S,	
��K�� )21  �25 .(  

  

 
 V5!2 :������%������� �� �	����� �� 
��
����� <�,�� 
��� -

�"9�^� 
�  

  

  

  �:�@2:  �'Z  Q(� 
�����0� 

�'Z  Q(� 
�����0�   %'��� %(�_� ���&�  

 �&
0(L8 t,	?  

  

CC � N∑HF � �∑H	�∑F	
N�∑H�
 � �∑H	�
N�∑F�
 � �∑F	� 

 

 N,  

  

$V+ T$'�	� S�&�$�� 2�,�  

  
RMSE � �1N��H � F	�

�  

  

	Co  

  

J�V� �$V+ S�&�$��  

  
MAE � 1N�|H� F|�

�  

 

	Co  

  

H ���� :  ��5 ��8$�� �$8F ���� :  ��5 ����	� �$8N ���� ���'" : �P���� �$8 ��5 �	��  

  

  

  

  

  

  

  

 ���� �(�-�4 �0��� �������� )Gaussian Processes(    

2��L
� ���� ��,�	G  K�� �G�$F" �$8	�O
� P� ��

#�  P�  ����U�  ���'"  2�!,P�"  $�  $8  �$���  ����  �$8

��5  �G�$F" �$8	�O
� S�� !,P�" !d�� �� ���� !,P�" .���

  !���" S�� !,P�" 	&�$�� ���� ��,�	G 2� �%$@ ��  ���� K�� 

K,�%��  2���  �$
��  ��  $8	�O
�  ����)  �8�19    �33  .(

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
03

.1
8.

4.
6.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

8-
01

 ]
 

                             8 / 17

https://dor.isc.ac/dor/20.1001.1.20080891.1403.18.4.6.8
http://rangelandsrm.ir/article-1-1274-en.html


��� ��� �	 
��
����� 
���  !�� "#�$� 
�������    ... / �������� <���5?� :    

  
 

573 

 

.��2�  ����  ��,�	G  �$8  ��$���  ��(d  D���  6�%�

�&
0�������  �  �'�$"  �$8  ��,�	G  ��8  2�  E�L'"  ��	�   $8

D�:  !,P�"  H��  2�  ��$d  �  ������  P$��  �
���$(
��  ����

 #��P� ����� $� 	p$�
� $8��
08  )14  ���� ��,�	G !�$" .( f�x	 ��2� ����") kV��� T��o1) ��5 #$�� (3  �19  .(  

) 2V���1:(  

                                                                                                          f�x	~GP�m�x	. k�x. x!	
 

  :#� �� 2�GP     ���� ��,�	Gm(x)    ���� S�&�$�� !�$"

 �� 2
G	� 	c� �� 	Co 	��	� �P$� ��$� K�M �l�L'� 2� -

   ��5k(x, x!)    ]$7� �� r�$,���� !�$"x   �x!    �f�x	    !�$"  

 ���� ��,�	GK�� .  

 �4	�Y�  V�(@  ��?Y�  JZ�	  ��������  )Random 

Forest  (  

 E
,��&%�RF   v��" �$� S�
0��Breiman  � �5 2b���

2�  �  �?���  �	��$�  k�7�  k��"  ��  J�d�  �5��  #����

 27()����8$� 	,�$F" ����) K�� ��5 ��$C
�� ��13    �16  .(

  E
,��&%�RF    �5� ��	� �	� 	8 �� $8	�O
� P� �(��	" 6�$5

  ��5 I$�
�� �G�$F" ����� 	�O
� P� ��$C
�� $, K+�� N,

) K��4  E
,��&%�  ��	�  .(RF    	��$�  v��"  �Pl 	
���$:  ��

  	8 �� ��5 ��$C
�� ����� �$8	�O
�  ���'" :��5 [,	'"

  �� �5� 6�$d #$
+�� ���'" � K+�� N, ��%�" ��	� �	�

  E�07" S,	
�� ��	� ��5 I$�
�� �$8	�O
� v7G  �	� 	8

�� �

0M) ���53  20  �24  .(  

) %�` �(E <:��7��� �aY9 %5a!MLP (  

2*(5  P�  ��$C
��  2�  6,$L"  2
5A�  28�  N,  �� �$8

K0,a�%����8 S�� �� ����F� �(F�  D,��G� T�5 2� $8

�� 2�LM #� P� 2� K�� 2
G$,  2� #��"�08  ) #��$*L8 �12 (  

^���$� � �$��" )30  S,� ��L8 .�	� ��$5� 	&,� ��$�0� � (

.��  ��	�  n��  S,�  #���  ��L"��d  2�  S�77U�  �P$�

��,�:2�  [�
��  �$8��,�:  �9,�  #$�B�  �V+	��  �$8

��	�P�  .���  2*(5  E��  �$8�$
+$�  2�LM   �(F�  �$8

)  2,l��}  #�	
s�	:MLP  $V+  �$�
��  r:  E
,��&%�  $�  (

K��2� ��$d ���+ 2� E
,��&%� S,� .  ����%� !���" t,	7" K��  

)9n�� �	c� ��$(� #$L8 E
,��&%� S,� �	c� ��$(� .(  �$8

^�� �,�M T$7
��  	�  ��
(�  .�L'�-#�
��  �  #�"���-

  .$L�� K�M ����� 2,l N, P� 2*(5 S,� �� .K�� #�0G��

�����  2� �M�	+ 2,l N, � #$��: 2,l N,  2�/0� �$8

��$:  �$
,$���� 2b���  ��  2�/0� �$8�� ��$C
��   �,$L�  .��5

  �$8	
���$:  �,$�  ��
��  ����F�  �(F�  2*(5  $�  �$�  ��	�

2�  	c� ���� �M�	+ 	� ��A�	�Q$"2,l #����  2� ����� �$8

� �L��'" ]$7� ����'" rs� � ���5 ���� 2*(5  �$�
+� �

  	�Q$" #���� ]$7� S,� P� ��$C
�� $� 2*(5 $"  �	�&� ��	d 2*(5

2,l P� N,	8 ,$L� S��'" �� ����� �$8) �5  	,P 6*5 �� .(

  ��5 ���� D,$L� 2,l ��} #�	
s�	: �(F� 2*(5 �$
+$�

.K�� 

  
  V5!3  )%�` �(E <:��7��� �aY9 %5a!MLP( 

  

 <�a��+� ��	�� 1�!�� ���)SVM( 

 �  #���	��  n��  N,  #$(�
�:  ���	�  S�5$�  n��

 27() K�� �"$�?$,� nP��� ���/" 	� ��
(� 2� K�� ����

  2("	�  S�%��  ��	�  2�  .��  �$
+$�SVM     N��:�  v��"

)1995  (  28� �� ���� #���?$,� N, 2�1960  2b���  ���

�5  )23  .(.��$8  �SVM   nP���  ����/"  2�,$:  	��  2��

.�� P� �,�M ^�� N,  ����� ��	d .$L
@�  ��
0�8 �,$�8

2��  2��2�7()  ���c�� D��:  �  ������ �����  ��  �����

����  ��$C
����  [��
��  .�����5n�� �$8  27()����  

SVM  	�  ^$��  I��V� N�*C" .�o�  [�
�� T$7()   K��

	�� 2�  T$7()  6�$d N�*C"  ��5$�  S,� n�� P�  #$��  ���'"  

 ���U�$�  27()�����$8    �V+  #�  ��  I$�
��  �����   2�  

6d��@ �����  .�5$�  

  

 P����  

  .��M �� H$+ �*,��G T$�o�F+ 2�  ]��	� u,$
�

)3(   ��  #$�� ��'�  T�$C"  K���  $��"  2�  �8� ��  ���

Z�")  ����  [�
��  �$801/0<p��'�  T�$C"  .(  S��  ���

  ��  K��)�  �  q�F��  #P�   6���"   S5   ^�  #����

Z�" �8$�� D5�: �$8) ��� ��,� 2'%$V� ����05/0p> .(

�� #$�� �8$�� Z�" 	8 �� H$+ �*,��G T$�o�F+  �8�

^�	�  Z�"  H$+ 2�-D��  �����  #��  K��� �o��  S,	"
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)3/54  E� ����� ^�	� � (�o��) K��� �o�� S,	"9/34 

  (�o��K����'� T�$C"  2} 	��  . � S5 �o�� S��  ����

Z�" �� ^�  Z�" �� S5 �o�� �%� ��� ��,� [�
�� �$8

^�	�   D��)  �o��  S,	"4/47  #��  Z�"  ��  �  (�o��-

GE�   #��G	)  �o��  S,	"32    ��  ^�  �o��  �   (�o��

Z�"  �  ^�	�  �$8 #��-    $�  	��	�  #��G	G7/17    �o��

D��^�	� �� � ���7� S,	"-  $� #��55/8  E� �o��  S,	"

  .���  

  

  

 �:�@3: ��� �	 b�Z B��c�YZ �Z�� P���� ����� "#�$� 
��  

 �8$�� Z�"   (�o��) ^�   (�o��) K���   (�o��) S5   (�o��) 6���"   (�o��) N8�  ) q�F�� #P�3gr/cm (   K��)� �o��   (�o��) �%� ��$�  

^�	�- #��  a 001/0±55/8 a001/0±3/54  a001/±1/37  a001/0±48  a001/0±31  a001/0±87/1 a04/0±86/1 
a001/0±47/1 

#��- #��G	G a 82/2±7/17 ab41/1±3/50  a24/4±32  a 001/0±54  a 65/2±1/13  a25/0±50/1 a13/0±425/1  a99/1±68/1 

���	,� ]��� a 30/1±7/13  b33/2±45  b33/2±3/41  a001/0±50 a8/4±62/24 a17/0±445/1 a09/0±28/1  a52/0±84/1 

^�	� a 34/11±7/17 c35/3±9/34  a29/13±4/47  a 98/4±54  a 7/11±6/22  a20/0±46/1  a73/0±031/2  a12/1±71/1 

S�&�$�� .��M 6+�� �����±�� #$�� �� �$�'� y�	U����'� 	�� 2�$�� y�	@ .�8���'� 2�$��$� y�	@ � ���� mV� �� ����5  �� #$�� �� �o���8� . 

  

�P���� B�C� T$�o�F+  .��M �� ��5 �	��)4(   #$��

��5 ������'� T�$C" .��M S,� u,$
� J�$V� .���  �� ����

�P����  B�C�  T$�o�F+Z�"  ��  ��5  �	��  �8$��  �$8

)  ���  ��8$��  [�
��05/0p>  u,$
�  J�$V�  S��xL8  .(

  .��M5  Z�" �� v��
� B�C� ��$��  	c�  P�  2*�,�  $� �$8

��'� [�
��  �%�  ��(� ���D��E� � S,	"  #� ���7� S,	"

2�Z�"  2�  J�'
�  t�"	"#��  �$8-^�	�  Z�"  �  #��G	G-

  #���� $� #��4/14    �25/6  �
�$��� K�$� �� 	
�  �5$�

�� T�$C" S,� 2�  H$+ 6+�� 2� �� I� P� �'��� E
@ ����"

  .��$, #$,	M I$���� 6*5 2� H$+ mV� ��� 	� $, �8� B�C�

  #���� $� ^�	� �8$�� Z�"3/14  �
�$�  �� K�$� �� 	
�

D�� ��� 2("� S��xL8 .KG	� ��	d v��
� B�C� ���7� S,	"

  ���7�  $�  B�C�  K�	�  	w���@2 /37  �
�$�  K�$�  ��  	
�

#�� �8$�� Z�" 2� J�'
�-  $� B�C� K�	� 6d��@ � #��G	G

  ���7�8/22  �
�$�  �8$��  Z�"  2�  J�'
�  K�$�  ��  	
�

^�	�-�� #��  6*5 .�5$�)4 (  7�   B�C� K�	� 	w���@ 	,�$

  ����L� T��F� �� �,$�� B�C� K�	� � B�C� K�	� v��
�

�� #$�� .�8�  

  

  

 �:�@4:  <���- P����ANOVA ��d�: 
:� �� ������ ���� 
�� ����� ��� ��_E �	 ��! 
���  

 ��9,�   T�	��O" !(��   ���P� 2M��   T$'�	� S�&�$��  F 

 �'L
" B�C�  
��	� S�� $8  3  93/80  

ns85/0  
$V+  8  06/95  

 B�C� K�	� 	w���@  
��	� S�� $8  3  73/191  

ns 81/0  
$V+  8  54/236  

 B�C� K�	� v��
�  
��	� S�� $8  3  93/80  

ns85/0  
$V+  8  06/95  

 �,$�� B�C� K�	�  
��	� S�� $8  3  98/87  

ns30/1  
$V+  8  77/84  

 2cU% $" #$�P B�C� K�(w"  
��	� S�� $8  3  060/0  

ns85/0  
$V+  8  070/0  

 B�C� D8$� t�5  
��	� S�� $8  3  91/19  ns025/0  

$V+  8  94/808    

 ��'� y�
+� * .$L
@� mV� �� ���5 ��'� y�
+� **  �o�� �  �o�� N, .$L
@� mV� �� ���ns ��'� y�
+� ��� �� #$�� �� ��� .��8�  

  

  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
03

.1
8.

4.
6.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

8-
01

 ]
 

                            10 / 17

https://dor.isc.ac/dor/20.1001.1.20080891.1403.18.4.6.8
http://rangelandsrm.ir/article-1-1274-en.html


��� ��� �	 
��
����� 
���  !�� "#�$� 
�������    ... / �������� <���5?� :    

  
 

575 

 

 �:�@5 :��d�:������ ���� 
����� �	 ��! 
��� ����� "#�$� 
��  

 �8$�� D5�: Z�"  
) �'L
" B�C�Cm(   $"

#$�P60 27�d�  

  B�C� K�	� 	w���@

)Cm/h (  

 B�C� K�	� v��
�

)Cm/h (  

 �,$�� B�C� K�	�

)Cm/h (  

  K�(w" 2cU% $" #$�P

 ) B�C�h (  

   B�C� D8$� t�5

)2cm/h (  

2%$0*, ^�	�-  #�� a60/0±25/6 a 6±8/22  a60/5±25/6 a58/1±8/4 a12/0±5/0  a09/21±36 

#��G	G- #�� a 5/7±4/14 a 60/15±2/37 a 5/ 7±4/14 a 14/8±4/11 a 63/0±1 a 84/15±96/30  

]��� a 37/1±63/6 a 9± 4/26 a 37/1±63/6 a 18/3±36/3 a 58/0±833/0 a05/37±64/27 

 ^�	� 2%$0*, a 64/12±3/14 a45/6±9/33 a 64/12±3/14 a 61/11±7/11 a 63/0±1 a18/30±2/22 

��&�$�S± y�	U�� '���$ .y�	@ 2�$�� �� 	 �'������ � y�	@ 2�$��$� �'������  �� mV� 5  �o��  ��  #$�� ���8�.  

  

����  ��$��  T$�o�F+2�@	�  �$8 �  nP���  �

.�� ��,�	G D,$�P�Z�" �� �P$�  �� [�
�� �8$�� �$8

.��M  �$86    $"9   �� #$��D�� 2� ��8�  B�C� K�	� S,	"

Z�" ��#�� � ^�	�  #��G	G #��  ]��� �8$�� �$8- ^�	�

2�@	� ��2� nP��� �  	��	� t�"	"6/0   88/0   04/1    �48/0  

�
�$�2�@	� �� � K�� ��5 ����	� 27�d� �� 	
� D,$�P� �

2� ���  	��	� t�"	" S�L846/0   34 /0   65/0    �1/0  �
�$�  	
�

  .K�� ��5 ���� 27�d� ��  

  

  

  
 V5!4 :��� �	 
��
����� J9�� f���� �����  !�� "#�$� 
��  

 

�:�@6: �	�	 
���- B��c�YZ h�#�  ����- %#.�� : L���- %#.�� 
�� 

 nP���  
 	
���$: 

 (27�d�) #$�P   (�o��) S5   (�o��) ^�  
 K���

 (�o��)  

 K��)�

 (�o��)  
q�F�� #P� 

(gr/cm3)  
 (27�d� 	� 	
� �
�$�)B�C� K�	�  

 6d��@  0  15/36  7/13  45  21/1  31/1  0  

 	w���@  40 3/41  55/15  3/48  35/1  87/1  6/0  

 S�&�$��  41/14  57/38  67/14  74/46  28/1  51/1  17/0  

 y�	U�� �$�'�  86/11 56/2  92/0  64/1  06/0  17/0  14/0  

 D,$�P�  

 	
���$:  
 (27�d�) #$�P   (�o��) S5   (�o��) ^�  

 K���

 (�o��)  

 K��)�

 (�o��)  
q�F�� #P� 

(gr/cm3)  
 (27�d� 	� 	
� �
�$�)B�C� K�	�  

 6d��@  40  26  63/7  98/31  28/1  31/1  05/0  

 	w���@  70  40/59  55/35  33/54  41/20  87/1  46/0  

 S�&�$��  80/50 77/45  40/14  77/39  78/4  51/1  17/0  

 �$�'� y�	U��  09/9 45/11  51/8  83/7  97/6  18/0  13/0  
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� �
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 �:�@7:  �	�	 
���- B��c�YZ <��4�4 <��  ����- %#.�� : L���- %#.�� 
�� 

 nP���  

 	
���$: 
 (27�d�) #$�P   (�o��) S5   (�o��) ^�  

 K���

 (�o��)  

 K��)�

 (�o��)  
 #P�q�F�� 

(gr/cm3)  
 (27�d� 	� 	
� �
�$�)B�C� K�	�  

 6d��@  0  29  7/15  3/49  32/1  32/1  0  

 	w���@  40 35  7/19  3/51  52/1  67/1 88/0  

 S�&�$��  66/13 8/31  83/17  36/50  41/1  5/1  26/0  

 �$�'� y�	U��  86/11 99/2  99/1  99/0  098/0  171/0  23/0  

 D,$�P�  

 	
���$:  
 (27�d�) #$�P   S5 (�o��)   (�o��) ^�  

 K���

 (�o��)  

 K��)�

 (�o��)  
q�F�� #P� 

(gr/cm3)  
 (27�d� 	� 	
� �
�$�)B�C� K�	�  

 6d��@  40 29  7/15  3/49  32/1  32/1  1/0  

 	w���@  70 35  7/19  3/51  52/1  675/1  34/0  

 S�&�$��  14/57 42/32  41/17  15/50  43/1  472/1  21/0  

 �$�'� y�	U��  30/10 96/2  97/1  98/0  097/0  175/0  098/0  

  
 �:�@8:  �	�	 
���- B��c�YZj���  ����- %#.�� : L���- %#.�� 
��  

 nP���  

 	
���$: 
 (27�d�) #$�P   (�o��) S5   (�o��) ^�  

 K���

 (�o��)  

 K��)�

 (�o��)  
q�F�� #P� 

(gr/cm3)  
 (27�d� 	� 	
� �
�$�)B�C� K�	�  

 6d��@  0  26  2/8  29  29/1  104/1  0  

 	w���@  30 57  55/35  45/38  58/3  706/1  04/1  

 S�&�$��  78/11 41/47  69/17  89/34  02/2  457/1  28/0  

 �$�'� y�	U��  88/9 43/12  61/10  31/3  68/0  192/0  28/0  

 D,$�P�  

 	
���$:  
 (27�d�) #$�P   (�o��) S5   (�o��) ^�  

 K���

 (�o��)  

 K��)�

 (�o��)  
q�F�� #P� 

(gr/cm3)  
 	� 	
� �
�$�)B�C� K�	� (27�d�  

 6d��@  40  26  2/8  29  29/1  104/1  04/0  

 	w���@  70 57  55/35  48/35  58/3  706/1  65/0  

 S�&�$��  8/50 79/47  54/17  65/34  09/2  454/1  19/0  

 �$�'� y�	U��  90/8 33/12  42/10  28/3  74/0  192/0  18/0  

  

  �:�@9: �	�	 
���- B��c�YZ  ����- %#.�� : L���- %#.�� 
��<��- j��� 

 nP���  

 	
���$: 
 (27�d�) #$�P   (�o��) S5   (�o��) ^�  

 K���

 (�o��)  

 K��)�

 (�o��)  
q�F�� #P� 

(gr/cm3)  
 (27�d� 	� 	
� �
�$�)B�C� K�	�  

 6d��@  0  12/37  55/8  33/54  82/1  868/1  0  

 	w���@  40 12/37  55/8  33/54  88/1  868/1  48/0  

 S�&�$��  66/13 12/37  55/8  33/54  85/1  87/1  14/0  

 �$�'� y�	U��  86/11 0  0  0  027/0  000/0  12/0  

 D,$�P�  

 	
���$:  
 (27�d�) #$�P   (�o��) S5   (�o��) ^�  

 K���

 (�o��)  

 K��)�

 (�o��)  
q�F�� #P� 

(gr/cm3)  
 (27�d� 	� 	
� �
�$�)B�C� K�	�  

 6d��@  40 12/37  55/8  33/54  82/1  868/1  06/0  

 	w���@  70 12/37  55/8  33/54  88/1  868/1  1/0  

 S�&�$��  14/57 12/37  55/8  33/54  86/1  87/1  077/0  

 �$�'� y�	U��  30/10 0  0  0  027/0  000/0  019/0  

.�� u,$
�Z�" �P$�  � ^�	�  #��  ]��� �8$�� �$8

^�	�- .�� P� ��$C
�� $� #��  �$8RF   MLP   GP-PUK   

GP-RBF   SVM-PUK    �SVM-RBF  �� #$��  2�  �8�

.��  ��$L"  $(,	7"����  #$��  ��+  P�  ���+  u,$
�  $8 ���

  .��M)10  ��$,P�� �$8�$�'� 2� 2M�"$� � (CC   RMSE    �

MAE  Z�" ��  .�� #�� � ]��� �$8GP-PUK   2� K(0�
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.��  	,$�  2�  2M�"$�  u,$
�  2�  2
5��  �	
��  �	*�L�  $8

2� ��$,P�� �$8�$�'�  2
C� t�"	"  .�� D,$�P� D�� �� ��5

  	��	� ]��� Z�" ��97/0   104/0    �096/0    �� � ��5 S��'"

  	��	� t�"	" S�L8 2� ��� #�� Z�"98/0   081/0    �060/0  

Z�"  �� S��xL8 .K��  ��5 ����	�^�	� � ^�	�  �$8-

  .��  ��$,P��  �$8�$�'�  2�  2M�"$�  #��RF  2�  .��  #����

2� ��$,P�� �$8�$�'� u,$
� 2� K�� ��5 I$�
�� 	"	� t�"	"

  	��	� ^�	� Z�" D,$�P� D�� ��83/0   102/0    �064/0 

^�	�  Z�"  D,$�P�  D��  ��  �  ��5  ����- ���  #��

2�  	��	�  t�"	"  S�L899/0   0052/0    �0044/0  2� K��

  .K�� ����  

  

  

 �:�@10: ��� 
��� �'Z  Q(� 
�����0�"#�$� 
��  �	 ��� %0��'� 	��� ����� 
��  

 D,$�P�  nP���  
 .��  �8$�� Z�"  

MAE RMSE C.C MAE RMSE C.C 

029/0 029/0 9999/0 0474/0 0772/0  8733/0  RF 

]��� 

096 /0 1041 /0  972 /0  0028 /0 0028 /0  9999 /0  Gp_PUK 

132/3 7497/3  8181/0  0362/0 0615/0  9035/0  Gp_RBF 

0878/0 1006/0  998/0  0865/0 128/0  4816/0  MLP  

0863/0 0956/0  9596/0  0106/0 0388/0  9825/0  SVM-PUK 

0947/0 1065/0  9639/0  0723/0 1291/0  4306/0  SVM-RBF 

0375/0 0531/0  9799/0  042/0 104/0  9049/0  RF 

#��- #��G	G 

0609 /0 081 /0  9845 /0  0414 /0 0596 /0  9924 /0  Gp_PUK 

0609/0 081/0  9845/0  0414/0 0596/0  9924/0  Gp_RBF 

055/0 0616/0  9903/0  1136/0 1817/0  6323/0  MLP 
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