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4- Logistic Regression 
5- Logit 
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1- Multinomial logistic regression 
2- Boosted Regression Tree (BRT) 
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3- Stratified Sampling Scheme 
4- Sampling strata 
5- Haplosalids, Haplogypsids, Haplocalcids, 
Calcigypsids, Haplocambids, Torripsamments and 
Torriorthents 
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1- Generalized linear model 
2- Binary 
3- Reference category 
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A�9  

BC�� ��/0� D�! ����� E�! 
 F����
��0��' 

3���� �������?� 
�� 

 �;2 Elevation (m) El �&��B�7�- 30�@�  
 r�,-	� ����	 A1�

)DEM(  
  Slope angle (%) Sl    
  Mean Curvature MCur    
  Profile Curvature PrCur    
  Plan Curvature PlCur    
  Wetness Index WI    
  Topographic Wetness Index TWI    

)11(  Multi-resolution Valley Bottom  
Flatness index MrVBF    

)23( �;2 Normalized Difference  
Vegetation Index NDVI 	�� ?��8��  

 :�1�< �
�W-
)ETM(  

)19(  Ratio Vegetation Index RVI     
)20(  Perpendicular Vegetation Index PVI    
)8(  Clay Index CI    
)16( �,)2 Hierarchical Four level classification (18 

geomorphic surfaces(GS)) GS  �G�<�&���HG 1:100000 �G�<�&���HG �#$� 

 �,)2 Lithological units (9 classes) Geol .)�(���� 1:100000 �G�<�HG �#$� 
  

  
 &�)2-�	�: �!��� B�A�� �	� A� &H�I ;�< J�.% 
�� ���>09� ���� 
��)]<� :�C;51�D +)@E)50 ��)��B	M ' �� : �@&�
 �8��- �@�	� ��)��B	

���21�D(  
  

)1       (       1,...,2,1,)log( ���� Jjxijj
iJ

ij ��
�
�     

 �2j� �:��O +
 j� �	���*� +
 1    ���*� ��)*��B	 d
��*\ (�  

1,...,2,1 �� Jj ' ix :�� �,)J�- ����)i@� (� �	����.  

������������������������������������������������������������
1- Vector 

     �*C;5'� +)@E*)50 A1� ���#� A1� .
���2    ����@*�� �*� :*�� 
       �C;5'� ��5 �� v1� �)i@� A�;@"� m
(�- ���
� �C;51�D ���  :�� ��

 ��<��8� +
 ��5 �� 'J-1	�� �<��8� k
 .  

������������������������������������������������������������
2- Binary Logistic Regression 
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1)0Pr(
�
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    	� 4'	 .
�R      �@E� (� ���,@�� �� nnet    :*�� ��5� !���  .   (� !*R�
     X@�� 1
�� m5�� ?�2 �A1� ���5� �� M� .     �E*C2 ��*8<�=� .
� 	�-

     �� �A1� |�& %)7 ?����� (1)EV)5       M�*X@�� m*5�� ?�*2 �����
1 .     %)7 �)i@� �� ��)��B	 d
�\ :);����)�    �)i@� �� ���� �1��2

      1<�' �	��9 	�)8� (� ���,@�� �� �@E��'1    1
��B ���
(	� )22 .(    	�*)8� .*
�
             !$@E*� �*)i@� �*� ��)*��B	 d
�*\ k)E$- (� m��' 	�     ��*=� �*� 

  �� �9 �	�1��@�� �� :��  1
9)8 .(    �*� �*� �.
������      �*� :*);�� k)���*-
%)7��)�             w*C=� 	�1*$� �D �� �2 ��8� .
1� �k)�2 l�R�@�� �	 �1��2

      %)7 �)i@� :);�� �1�� �@B	�� �@��	�7 .
���)�    �� �@#)� �1��2 ��* .
        	�)8� �'� �� ���W@�� A1� M�X@�� 	�Wald   ' 2AIC) 1 ( @*�� ���,

1
��B.  
  
2�( 34� ���%         ��69�� �60<�� *��9�:� �	� �% ;�< 
��
 �0'��)BRT(  

           �	�*�9 +)��- '� (� �R)2�- ��@&�
 �8��- �@�	� ��)��B	 4'	
     :�� �@�	� ��)��B	 ' ��)@��� ��� .   �C"�� 4'	 +
 ��)@���-

       A1*� �2 �:�� �C5 �� '	 ��     �*� �*@�	� ��*�      �*� ��
�*7	���- 	�*�
���;���
(   (� ������    �� ���� 4(��� �(��9 ����� .���;���
(-

 ���� ���       A1*� 4(��*� (� 	��*�- �*� 	� ���,@*�� �	�*� �(��9 ���
��       �*� M�*X@�� ��
�e
�5 �'1� �&��W- 	�� 1��* .  ���� k>*�  ��*�

    A1� s��- ���,@�� �	�� �(��9          !*2 �E*2 ^�*� �*� ��@��	�7 �� (��3 
)   ���� !2 (� ��E2 ��5�� ��� ( �� .))8-�� .       m*��' 	� 1*�
9�& .*
�

  ���� �&��W- 1�
9�&4       �*� A�*;�� A1� �� �	          �	 A1*� :*�� �*2 1*�2
1" (� %)� 4(��� ' %
��&�5�� %��2 �	  1��)9 .(  

   ��1@�� 	�50  �� :�	�        �*� ���� 4(��� �<�;8� 	�� ��* .  }V*�
�����1���          (� ��e
� ���;�� �� �)<'� 4(��� (� !J�" ���50  :�	� 

 ��� 4(���   �� � ���� ����1���     �� �	��'� �CJ�" ���50    �*e
� :�	� 
  �� ���� 4(���.
� ' ���� ����� 	�2
.
� �- 1��   !��1*" �*=� m��- �2

�� .           :*�� A1� v��N�� m��' 	� �=� m��- ��@�	� ��)��B	 �	�� 	� .
������������������������������������������������������������
1- Wald Statistic 
2- Akaike Information Criteria 
3- Bag Fraction 
4- Stochasticity 
5- Overfitting 

   4(��� 	�BRT         ��* IX#*� 1*
�� �@��	�*7 '� � :   ��)B��*
 ��*�6  ' 
 :�	� �B1)�)77 .���            A1*� 	� �	 �<��*@� :*�	� �� k>� ���)B��
 

 �**� .)**)8- �
�**>�1**�2 .  �C**J� ���**O� :**�	� �B1**)�)7)tree 
complexity=1 (    �***��)i@� .)***� !***��$@� ���***O� �***
)tree 

complexity=2,3,.. (  �� ��#� �	1�� .        ' ��)B��*
 ��*� �:*
�>� 	�
            �� .))8- �	 �
�>� A1� 	� ��@�	� !2 ��18- k� �� :�	� �B1)�)7-

 1��2)5 ' 7 .(  
A1�  ���BRT      12 (� ���,@�� �� BRT       ' :*)<� s��- �1 .)�/- 
  ��	��;�)9 (    �@E� .)��;� '“gbm”) 21 (    	��*&� ^�*� 	�R  4(��*� 
 1�1 ���� .    A1� 4(��� ����BRT      1*2 ����	��� ����@��	�7 �BRT 

      ��)B��
 ��� �2 1 ���,@��01/0    :�	� �B1)�)7 �1   ����	�R@�� ' 
!��$@�8 10  ��� �R-��  .     �� ��=� ' �8� �� �D�B�      ��*@;2 v��*N�� !*)<�

     !2 �E2 �@��	�7 	�1$�)       ��*5�� ��*� ���� !2 (� ��E2 (  (�75/0   �*� 
5/0   ��2 �1)7 �))i-  . �
���9 (�      %)7 �	�� �)i@� �
 �@E��' �)i@� �2 ���)�

            �*$R� �*)i@� +*
 ' :*�� ��*� F	�� �'�B     4'	 �:*�� ��BRT 
���21�D91
��B M�X@�� .   

  
=�� FM� �%��A���+!N �5���� 	 ��  

   %)7 :�� �E
�$� ����   A1*� �*�)�      ���� ����,@*�� �	�*� ��*�  �*�
��   ���� �� �&��W- 	��          1�1* k)E*$- ���*�	�R@�� ' �*(��9 ��*� .

����   ��(��9 ���801J	�  ���� '     ����*�	�R@�� ���20 1*J	�   !*2 
����   1�1 !�� �	 �� .   ���� �� A1� ��  �� �(��9 ���     ' 1* ���� 4(�

 %)7 }V�  ���� ���� ��)�   1
��B ^���� ����	�R@�� ��� . ����	�R@��
  ���� �E
�$� ��%)7 ' �1 �1��#� ���:&�B �	�J �1 ��)� .  +*


 �=� �
�	910) 12 (     1
��B ���,@�� :�� ���	�)8� �R��N� ���� . Q�C�
  �#$�)MP (   ���� �;� .)� l�R-	�    ���� ' ���,@�� �	�� ��� NJ ��� ~)
�$R� �1 �1��)tt �ff (�� ~
�#- �	1�2 : 

)4                          (
fffttftt

ffttMapPurity
���

�
�    

     �1*��2 ���,@�� :��)UA (   ?�*2 !��*      ~)N*J 	�p*" ��*�
%)7   �1 ��)�)tt (  ?�2 r�;�� ��     %)*7 ~)N*J 	�p" ���  �*�)�
  �1)tt ( ?�2 '    � �2 	�p" ^1� ���   ?�2 ��5 sCx �  	�p" ���

 �1 �1��#�)�8��'(%)7 � 1�1 ��)�)tf (��1�� :  
)5                                 (

tftt
ttsAccuracyUser
�

�'   
     �1��2 1)<�- ���);�� :)C���)PR (     ?�*2 �*;� .)� l�R-	�  ��*�

������������������������������������������������������������
6- Learning rate 
7- Tree Complexity 
8- Cross Validation 
9- Multiclass-BRT 
10- Error matrices 
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 %)7 ~)NJ   �1 ��)�)tt (  ?�2 r�;�� '  ~)N*J ���  %)*7   �*�)�
  ?�2 ' �1      �1* �1��#� 	�p" ���) �*8��' (        ��*5 s*Cx �*� �*2

?�2%)7 	�p" ^1� ��� 1�1 ��)�)ft (��1�� : 

)6        (            
fttt

ttliabilitysoducer
�

�Re'Pr   

           ' �1��2 ���,@�� :�� ��#$� Q�C� �
��$� ��	�� M�� �#$� +

1)<�- ���);�� :)C��� :�� +
 �� +
��� �1��2 )5 .(  
  

O?% 	 P��0!  
=�66�;�66< Q�66C��� 
A�669-
��66��'���R�- S669�� T��A�669

 ,�05�78 *��9�:� 
 A1� K
�@�         ��*��)i@� ' +)@E*)50 ��)��B	 4'	 s��- �(��

   A1� 	� �1 �	�'  %)7 :>5 �(�� ?�2 ��)�     A'15 	� ��� ���2 
  :�� �1 �H�	� .��;��	��     A'15 .
� K
�@� �2 �� ��#�   ~=*� 1*��

  %)7 +
 +)&���HG    �� M�EN� 1�;-	1� �1��2 ��)�  �<�" 	� ��� �2
    �G�<�&���HG �e
� L�=�).)�(    ��� ' .)�( !� ��;� �*���1 ( 	�

%)7  1�@�1� ��)O/- ��)� . �� �	 ��)@� .
�  �*2 ��2 ~
�#- .)�D ���-
      .)�( �	'� +
 A�� 	� +)&���HG L�=�        s
��* �*� ���*;� �*���

#-       ��*� ���1*�
9�& �� +
��� ��� !)�       w��*�� 	� ���*�2 �(�*�
   +
��� ' .
��9 +)&���HG L�=� �2 ��D �1�1 !)�#- +#�  .
�*-

            �*� F	�*� ?�*)$� 	� ��*� s
��* �� ~=� 1*�� .   L�=*� (� 1*8�
 �B_
' �+)&���HG          ���*� �*��@��	�7 .
�-�OP� ��5 �1�C� ' �@E7 ���

%)7   1���� ��)�)  A'152 (  ��2 1)
/- �2       .*
� 	� �2 :�� dC=� .
� �1
        k*>� ��1*�C� ' �@E7 �
 �&��B�7�- �)"��     ��*� 	�@2�*& .
�*-  �(�*�

�� 1��.  
   I�� (� ^�12 �)�     %)7 	� 	'� (� %��� ���   F	�� �'�B ��)�

      1�@*�1� �;>*� +)@E*)50 ��)*��B	 s*��- ��� .   ~=*� (� 1*8�
             +*)�,- �*5	� �*� �	� �	��;� I�� ' �E)� I�� �+)&���HG

  0��)MrVBF (k>� %)7 .
�-    1���� �1��2 ��)�)   A'1*53 .(  I��*
         0�*� +*)�,- �5	� �� �	� �	��;�)MrVBF (     L�=*� I)X#*- 	�

�	�   �� +;2 !� ��           ��#*� �	 :*���	 �*5	� �E)� I�� ' 1�2
��  1��)28 .(          �*� M�*�	 A�*$@�� 1*�
9�& �*��@��	�7 .
�    ��*
�5 �_*
'

   �� ��#� �	 :2�" A�" 	� ���� ' �����	�  1*��)28 .(   .*
� �.
����*��
I�� �� ��            (� �p*8� I)X#*- 	� �#*��	 �'�*)� k)$@E*��)x 	��

�'�B     �� �8<�=� �	�� ��� F	�� ���      ' 1)E*C2�C7�� �1)<�*��C7�� �_
'
�EC2 1�@E� 1)EV)5 .          s*��- �G�*<�&���HG ���1*�
9�& �OP*� %*$�

    ��	��;� ' A����)25 ( %)7 	�  ?�*2 ��)�     *� ��*� ��*�   ��*RO� �
�1)�	 :��  . ��� �.)��;�    �<�;<�-� ' �C)B)7 ( ��8� �)O/-  �*B_
' 	��-

������������������������������������������������������������
1- Landscape, Landform and Lithology 

          �'�*B m*
(�- �'	 �	 �1*�C� ' �@E7 ���       4'	 s*��- ��*� ��*�
 �C;51�D +)@E)50  1���� ��#� �� .     �*B_
' 	�p*" �:$)$" 	�  ��*�

 %)**7 	� +**)&���HG ���1**�
9�& ���**;� �**� �1**�C� ' �@E**7 �**�)�
?�2       	�@2�& .
� �2 ��� ��#� ��� ���      ��*�'�)� ��)@� ' 1�
9�� ��

 ��� �OP�      1�@E*� �8<�=� �	�� �$=�� 	� �(�� .      F	�*� �'�*B �#*$�
       �*C;51�D +)@E)50 ��)��B	 4'	 (� !J�" ���     !�* 	� ��2 

:�� �1 ���� ��#� .  
  
=��  ;�< Q�C��� 
A�9-
����'���R�-      =�6� S69�� T��A�69

�0'�� ��9�� �0<�� *��9�:�  
  A1�BRT    u�;)$@E*� �*��21�D   �'�*B         (� �	 ��*� F	�*� ��*�

 %)7 ����)i@�   �� .);X- �1��2 ��)�1�( .     %)*7 ���*� A1� .
�@>�-
              	�1*$� .
�@#*)� ?�*���� +)@E*)50 ��)*��B	 4'	 ���#*� ��)�

AUC     1
��B M�X@�� v��N�� .
�@;2 '  .  �� �G�<�&���HG �#$�  ���*��
k>� .);X- .
�-   �'�B �;� ���� �B       ���� I)X#*- ��*� F	�� ���
  �1           �	 ��*� �8��- 	� �G�<�&���HG ���1�
9�& �OP� %$� u��1�� �2

 �� 1)
/-1�2 .            +)@E*)50 ��)*��B	 �	�*� 	� .)*��;� �*�)@� .*
�
�C;51�D   1 ���� ��#� �� .    �*� K
�@� ?����� �.
������     (� �1*�9 :*��

A1�          �*8<�=� .*
� 	� �G�<�&���HG ���1�
9�& �
�7��	���� %$� ��(��
�� 1)
/-��.  

���           	�p*" .)*��;� ' 1)<���C7�� F	�� �'�B �0�� ���'��& !)<
    I�� ��
�7 	� ���)B %�7       ��*�;� 	'� (� %��� ���PVI  ' 

NDVI   �B_
' .)��;� '       1���� �1�C� ' �@E7 ���MrVBF   ���*� 
     A1� 	� F	�� �'�B .
� 4(���  1�1 �	�' �� .    �'�*B �*e
� ����  ��*�

   �B_
' u�-1;� ��� F	��    C� ' �@E*7 ���     �*)5�- !*���� �1*�  �1*��2
1**���� .�'�**B �#**$�4'	 (� !**J�" ��**� F	�**� ��**� ��**�BRT 

 !� 	� ���21�D2:�� �1 ���� ��#� .  
%)**7 	��'�**B �**�)�4'	 .**
� s**��- ��**� F	�**� ��**� �**�

�'�,-    �� ��	�� ��5' �
��   ��- F	�� �'�B �_
'    �1 ��( .);X- :�-	�
   �C;51�D +)@E)50 A1� s��-    �'�B �� ��   �*$R� 1)<���C7�� F	��-

   �<�" 	� 1�1 �1��    A1� 	� �2BRT %)7        �1* ^�*��� ��*@>� ��)�
:�� .  

    ���;� k2��18- �� 1
�� �.)��;� ��- ���    ���2 �5�- :�-	� 1�D��
�2   A1� BRT %)7           �*� F	�*� �'�*B .*
� ���� ��@>� ��)�   	� �_*
'

A�;** :;E**�  ��� ��#**� �**8<�=� �	�**� �**$=�� �**��x) !�**2 .(
��;��	��   A1� ��� 	�6@�� �	�� �2BRT��- F	�� �'�B   �	 :���*�
 �V- 	�     �V- 	� �	 1)EV)5�C7�� ��� ���      	� �	 1)EC2�C7�� ' ��B ���

��'�X����&�   %)7 ���� �� ��   ��2 ��)�)  !�2 .(    s*��- ��)@� .
�
   �� �)� +)@E)50 A1� 1�9 :�� .   A1� �.
������BRT   �
0�� !)E��@7 

%)7 ������)��� ��	�� 1�� ��5�� �B	�� ���� ��e
�7 �B� �_
'.  
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 =	�72-2�( �� ���>09� ���� 
����/0�  ;�< J�.% �	�: ���%  

F�"�� 3�9� �% ����/0� =�� �� ���>09� ���� 
����/0� =��2�( �� ���>09� ���� 
�����%  
GS***,MrVBF***, WI**, El* GS+ MrVBF+ El+ WI E)50 ��)��B	 A1��C;51�D +)@ ��  

GS***, MrVBF***,WI***,PVI**,PrCur** GS+ MrVBF+ PVI+ WI+ PrCur �@&�
 �8��- �@�	� ��)��B	 A1� 
  

  
 &�)3-2�( =�"0I� �	�: ���%�"7��� ,�05�78 =�� A� &H�I ;�< J�.% 
������ 
��% 
��?�9��C0@� 
��  

  
  

=�� �5����2�( 
�����%�����  
  � ��#$� Q�C� ���,@�� :�  )C��� ' �1��2  ���*� �1��21)<�- 	�R@�� :

  �'�B    A1� ���� ��� F	�� ���  ��	�� �	�� ���)  +)@E*)50 A1�
  �@&�
 �8��- �@�	� A1� ' ( A'15 	�3 :*�� �1 �H�	�  .���� 	�  ��*�
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MP: Map Purity, UA: User Accuracy, PR: Producer Reliability 
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Abstract 

Soil digital survey as tool for soil spatial information provides pathways for producing of high resolution soil 
maps. Therefore, it should be developed strategic methods for making high resolution soil spatial information. 
Subsequently, this study was designed for prediction of soil classes by regression models in Zarand region of 
Kerman. Regression models includes of multinomial logistic regression and multiclass boosted regression tree 
were used for prediction of soil great groups by relating those with predictors such as remote sensing indices, 
terrain attributes and geomorphology map. A confusion matrix was used to calculate aspects of map accuracy. 
The geomorphology map at the fourth level (geomorphic surface) was a powerful predictor unlike the other 
levels (landscape, landform and lithology). Terrain attributes and finally remote sensing indices after geomorphic 
surface were imported as predictors in the prediction. The map purity over all soil great groups was above 0.60 
in both calibration and validation locations. Poorer performance was observed for Calcigypsids and 
Haplocambids. Both methods provided good predictions for Haplosalids that shown by high values for users’ 
accuracy and producers’ reliability The results showed soils with better reliability are those highly influenced by 
topographic and geomorphic characteristics at least in this study area (e.g. Haplosalids, Haplogypsids and 
Torripsamments) and soils with very low reliability and accuracy of prediction are hardly influenced by the 
topographic and geomorphic characteristics (e.g. Haplocambids and Calcigypsids). 
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