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

��� 

�0���123 4�� �5��0 6� �7 ��� 8�� �9�&7%:!3 � �3$'# �:!3 �;<! 

�=	
  $� �3 �:��7 ���!>?� � �$�� 

��3>�3 ��+�*������9�%! @��>0 �%<*���9+%A3 B,

)���	�
 �	�� :��/�/������� �	�� �	��:��/�/����(

C6�&$

58�� D�A�*�6� �5�'�( ��E�9 ����)�2�� � �@3�3 B(�F � �> � �5��0 >� �9G93 �#6�� �3H?>�IJ0 4�1�! D38�� �9 $�K(� .

�=	
  $� ��M�� 45$� � �5��0 ��=9 ��+0 )+N �:��7 ���!>?� � �$��6K� ��� 8�� �9��9�K! O�K;� �7 �3$K'# �:K!3 �;<K! 

�3>PN D�Q
3��5���$( �:�>? � .�7 �3 ���!>?�  $� )�! �3>� 5�� 6$( &7%:!3 7> .5�� �76 �3 7>,R%&737 �3 ��K5��3 )+N #

 ��  $� &737 �3 � &$( �T:93 ��7*0 D��A �U� �# $( &7%:!3  $� )�! )+N &$9�.5�� �76�3 ��7 7>�&737 ��� � )�! �3>� #

 $( &7%:!3  $� ��5��3 .��>� 4�19�� � 4��	0 V5>@ �3  $� );A 7���>� �3>�<� D$( &7%:!3.W�( �5+9  $�X,&>? �� ��/Y

�5+9 &>?)[>� ()!3 ."+�  $� )�! �7 W=:G� �#>:�3�F 45>0CART B�F �3>� � �5��0 ����6�K� ��� �9 )K�'#3 VK�0>0�DK��>

��)��! �4( �V�( �"�G��$9$( ]T�� �@3�3 B(�F � �>�� .�� �3$'# �:!3 �2'( � ��>^ _
�� V�0>0 � 45>:��� �3�37 �45>:'

$97�� ��� >*�� )M�^ .` a5:9� $� ��� );A �3 �CART �� �'b]�( �� <� D��>� 4�19�� � 4��	0 V5>@ �#$(�.

&c3� #����$�:� ��5��3>PN D�Q
3 �9�! ��3$'# �:!3�)G5� �#��: �=	
  $� ���� 8�� ��<�;��$����:��7 ���!>?� 

�.����� !" #	�$%&'(
)*+ ,-�.  �/!012�345( 160.5 ��7&'(
 %

*: 89:$ );( �$� %<�*��)'��6!)1:m.arabi@in.iut.ac.ir 



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

��= 

��$=� 

<(>? ,@A� B!7.C �
D�E �FG-�
 H/IJ K)&I  L	 2(9.M 

�!'
 N+�.  "( H��!$- �C( O�P  .%QRIS��- H��I!-T U	(>I(

 8�6.V 2�/- �
�46C( 160.I5 2� /'(� � 1	(��V %QRS� BA; "( 

�IT "( �
�46IC( �- UIV %1.!&I'�3W ,	�IC /IW� %�IF
9V� �IF

 89C��	T� ��*X�
�� H�4$@�( <�-9C� � �F "( 1IW�' <(��&6'(

 � K@Y K	�C� KZ' [3  B!7.C <(>? ,@A� K	\
 B	�� �IC(.

G- �I3'T 1'\9+ �@M G@!'� B!7.C <(>? 16$	"�!X G	>A� �?M

�- �
 �3'T ,@A� %]�Y H( 1.0  �^( 1	(�X ��!A'" �- H�(
 H��

 �
 �&I- 16 RC 
�(
 </I  1'\9I+ .2�&I' G6IW�� <�I0;�P 

�
(
 � B!7.C <(>? ,@A� �PE _�0  �
 �&- GV /'( �
GA!6'

 �
 �3'T ,@A� ��- � 2/I- 1I-�` H�F 1*aIM [6$I!C�- �!^bI�

 H>V� 1 [F /W�- B!.` �C( B)@  B!7.C <(>?�
[6$I!C

 G6$- GE�` � �/W �Z6$  H( 2/I- 1?E(
 H�cM( H
�M 
�)?@M

(� /..V K6d )�.(

� 1P!�  �$	" Q�d  <(�^( "( H�!�9?J �9e.  G- �- �^( 

� �&- 16 RC 29 "T �9e.  G-��� �F� �I!Y( B)@  H
9I*3-

 1'�)  ,	"9� H97;( 1	�C�.W %1P!�  �$	" �
 B!7.C <(>?

\ %G6�	 ,@A� N+�. � f" H���S�C( .[3  �^gI  K (9M B	��

 �-(��VU.>? �
 H�� 1I�h	� K �W D�E 1V�IE H�IF /I.'�  

�(/Z  >? KV �
%D�IE G6	/!IC( %[!$I?V <�I.-�V %1I;T �
�I  %

� U	�$IIV( #	(�IIW %�4IIC�>	� �
 1II-��)!  �II!;�0 %UF�IIV

 �5�.M �7	
 �e?X %[!?i( %D�E �-9+� ]�aI  [IV)GI- �hI	�

 j � BFT (��e?X G- ]�a �� �5�.M 2k��I6!'� �4$I �h	�

1II /IIW�-)�.(V@F � 9II;�9II) 2(��)��(��� "( �
�46IIC( �II- 

CART )Classification And Regression Tree(�	
�IIIZ  %

� Q�JG7' H�(
 B!7.C <(>? IV%[! 
� IV !' %jI  %f�� I) %K

 �E �
 (� H�� � Q�CDU!� ��(>� � 1.!-V/'
� .GIA!6' �3'T

 /II.6��IIVQ�IIJ G�GII7' H�(
 IIV�IIE �
 f��D2(>II!  GII- �IIF

(IIV � BIIW /II5�
 %1II;T 
(9II  �*$II' %f9II!.! 9;T � BIIFT H�F/!$

V;( �	(/F G- j  2(>!  �*$' %�	�?)	�6)2(>I!  � 1I;T 
(9I  %1

 ;( �	(/IF GI- Q�IC �(/IZ  %�!��@F)	�6 I) �(/IZ  � �I!��@F %1

(V
�(
 176$- >.7.  /!$ .��I6� IV !' %[! 
� I) 2(>I!  GI- H�� � K

!C �
 �!��@F K �W l� � �?V! %[! 
� I) !' �
 �I)� KIV%>��(9

 � �!$*!�V
�(
 176$- H�� �
 �	�? .� m'(k @F)2(��)��(�I- 

8/  "( �
�46C(CART  ,	"9� )�
 (� jI  B!7.C>? 1'� IV�9&

 B!` �
9@' B!!0� ���(>� V/'
� V��� G� V�9�
�I- G$I	�Z 

 ���V1;9II@0  mII.!A	� )Ordinary kriging(H�6&II!- ��II5 


�(
./.6W(
 2�!- �3'T VG�
 jI  >? B!	�� ,@A� �IED"( 1IW�' 

� 1.! " H�F�6 (��� �E G!;�( 
(9 D�
 �
9- 1;�Y VH\�I- 2(>I!  G

�
 j  >? �ED"( 1W�' 1�PC H�F IVH�-�� H�IF IV � H"���& 

1  2/W 160.5/W�- .@F � m.` I) 2(��)��(8/I  "( �
�46IC( �I-

CART�6IIC( �
 (� jII  >II? �IIe?X /.6$II'(9� B!II` mII'�	9 2

G- GZ*+ <�95 2��
 �/W H/.- 1-�	V/I.. .��I5 GI0;�P  BI	( �


V1II?)Total accuracy(��� CART�
(
 H(�II- /F�IIW H�IIF

)Training data(�III-(�-��/n�%�
(
 H(�III- �1-�III	"�( H�IIIF 

)Test data(�II-(�- �n/n�%/IIW 
��T�II-IIV ��� GII- �*$II' G

V m.!A	� ��5 �- 1;9@0V1?��/��%
9- ��\�- ��!$-.

2�6IC( "( H��!$I- �
 B!7.IC �5�.M �!@F( 
9J� �- H�IF

V1��Z!Z�� %�9&V�IE �
 B!7.IC <(>I? ,I	"9� /'(96- GD(�

G- G&Z' <�95 H�FVGp(�( H
�-��VGI6�� f�IA'( <�/I' GI- /.

�C( .GIZ*+ ��� 1I�0  GI- GI0;�P  BI	( 29!IC��� � H/I.-

1II6E�
CART  �IIV(�II� G&IIZ' GII!3� �
 2T 
�-��V<(>II? U.

 �C( G6E(
�� B!7.C .B!I " GI- ,J(� 1��0;�P  2(�	( �
 � ��I T

 �C( G6�� <�95 �$	" #!� V���IW( �I3'T "( 1IE�- GI- G

1  
9W 1;� %GIZ*+ ��� 
�9I  �
 1I6E�
 29!IC��� � H/I.-

q!IIF �$II	" 1��II0;�P  GZ-�IIC GII'9�/II	
�7' �II�	 1IIP!�  .

1'(�!W)�(,I@J �- H��T����IE GI'9@' D� /3&I  1�PIC 

!' � H�� %Q�C �e?X B!!0�) <(�!!r� 1C��- G- K)B	( 1'�

 s9' GC �
 B!7.C �+�.MV� 160.I5 %H�3W H�-�� IV H"���&

�E(
�� .
(
 2�&I' �( G0;�P  t	�6' IV � H�� %Q�IC �Ie?X G

!')�@$i �
 K"( H
�	" H�FVU	(>I( 160.5 � H�3W H�-��

 ( G6W(
�C.�!;�0 � H�
�  �
�  s9' [I3  160.I5 H�IF B	�I�

 K (9MV!' � H�� �e?X 8�6.)/W 1�0  K.(/E V1 �)�(�I-



� �3$'# �:!3 �;<! e� �7 ��� 8�� �9f� �5��0 g�123 4���0...

��� 

G&IIIZ' "( �
�46IIIC( H�IIIFV@III) 1GIS �
 ��
 "( UA.IIIC �

Ud- G.3� G&Z' 2(/@F 2�6C( "( 1	�F � 1�
9I;T 8�I@6Y( %H/.-

$	�LE�- 1�
9;T 1�!^bI� 1IC��- ]/IF �- (� B!7.C <(>? 

V��1S(�( H�-V1C��- B!7.C <(>? �e?X �- H"���& IV
�.

�!;�0 �!^b� ��� B!7.C <(>? 
(
 2�&' G0;�P  B	( t	�6' H�F

VB! " ��6E�C � H"���&/'�(
 �(�i 1C�.W.

� 73��h�� #

��2<� 7��� �=<�� 

2�6C( "( 2(/@F 2�6C( �9&V 1-�X H�F 1 /W�-VG�I- �Y�$I 

����� ,-� �6 9?!V !-H�F�(/  B��� GJ�
�n�I� GIZ!i
 ��

� GJ�
 ��� 1;�@W _�M GZ!i
 ��GJ�
 ��n�I� GIZ!i
 ��

� GJ�
�n�IC( �/IW ,i(� 1i�W 89+ GZ!i
 .2(/I@F 2�6IC(

 uIPi "( 1)	 GI?@J "( GIV �
9I- 2(�I	( H"���&IV [I3  H�IF

 1 2T �/@M <\9a�  � GA'9	 %9J %f/.� G- 2(9� u!C 1.! "

 
�IV ���W()�.(B!I " <R!)&I� K �IW GIZP.  uI;�X 1IC�.W

l(�� I " ���
 GI- v9I-�  1I6�-T H�F!B� H�'��(9IV 1IC�.W

B!@F � B!;�6!-��( LFT <R!)&� �9+ � K!W GI- v9I-�  8�� 

 � GC���V ���
 �E(�( ���
 GI- v9-�  �/W 29���
 m.C GC� 

 �"(/� � L!C(��k � 16	"/'T H�F GI- v9I-�  14	� LFT m.C

 I:' K	(�( 1I  2k9:;�I� �IE(�( � 2k9 /IW�-)B!I " G&IZ' 1IC�.W 

�������/�B! " 2� "�C 1C�.W.((� 2�6C( 2
�0  �/@M Ud-

 H>?�!X 2
�0 )� <�wIC/? D�IE �IF m.IC %160.I5 HH�IF

 � 1)FT %�!'(�� j!?!C (�H>I? 1'/I0  
(9I  x���/')m.IC

� H�� %Q�C %BFT (...1 K!)&�/.F
)�.(

�9�'9 ��37>� �58�0� �658�� D�A�*� ��� �5�'�( 

�A'T "(VGH97;( Q�d6'(G'9@' H�(
�I-  /I	�- D�IE .�I- NI*P

 ](/F(G'9@' H�I!� %/IW�- NIZ�  16$I	�- O�I+ GI'9@' H�I!� 

�- (� 1c6Z  � ��5 G	�� Q�Id6'( GZP.  �h	� <�MR+( ��*6M(

/.V)��.(H(�- �	" 1*!V�� ��� "( G0;�P  B	(�
G'9@' H�(
�I- 

8�C �
 ��n�/W �
�46C( �C( �.�	�C U.	>� GI'9@' H�(
�I- 

�
�� GII?Y�  "( 1II*!V�� l�IIC(�-��� �IIF� L!��@6$II!C H

1
�a�1 /W�- .G)*W l�C(�- 2�6C( (/6-( GV u!��� B	/- H�F

��×��"( U!I- G- �6 9?!V ��� 1IiR� KI�  � [!$IZ� G)*IW 

G)*W G- �F 1 GV 1+�Z' 2(9.M G'9@' H(�- /.'(9� 
�I- uIC�.  H�(

/IIW GII6���e' �
 /.IIW�-�IIC( �.GII- GIIJ9��- /II0- GII?Y�  �


 [II	
 H"���&IIV %1II-T H"���&IIV %160.II5 %H�3IIW H�IIF�-��V

 � 1	�6C�� B!- "( %10!*+��� 1IiR� KI�  GIV 
9IJ9  GPZ'

 G)*W��×��%�C( �6 9?!V G)*W �F�I3'T �/I@M H�-��IV GV 1	 

� [	
 H"���&V G- �C( 10!*+ N+�.  v�IZ' 2(9.M H(�I- GI!;�( 

G'9@' /W Q�d6'( H�(
�-�(/'.G?Y�  B	( �
���zd&  GPZ' 

/	
���1i�- �1iR� v�Z' �/'� G)*W �FH��×��GV H�6 9?!V 

x(
�/IIY��1II  {�aII6E( 
9IIE GII- (� G)*IIW l�IIC(�- /II.F


G)*W H�F�×�G)*W x(
/A  �6 9?!V /W H/.-�(1iR� K�  � /'

H(�- G!;�( v�Z' 1.0	 �3'TG'9@' /W Q�d6'( H�(
�-�C( �.

�
 
(/0� H(�- KV��n ��V GPZ' GI'9@' H�(
�I- /IW f�IA'( �

�C( .,I-�  LI	 v�IZ' BI	( "( f(/V�F �!0i9  �
��×���I6  

/W zd& �2T KE(
 �
� �,I-�  �×�GI- GIV �I6  <�9I5v

1  �(�i K)W /W G6�� �e' �
 /.6�� �C( �"( jwC� �GIW9� 

,-� ��×�����"( L	�F GW9�,-�  #C� � 1?E(
 ,-�  �IF

G'9@' �FN@M "( 1	�����16'�C /W �W(
�- �6  %� B	(G'9@' �IF 

�"(/'( G- jwC � v9?d  [F �-����B	( "( f��9?!V G'9@' �IF H

GII- 1	�!@!IIW H�IIF>!;�'T f�IIA'( H(�II- � �IIW(
�- �/IIW v9II?d 

 B ��7&	� "T KZ6.  2(�	( 1'/0  
(9  H��T I	
�� �IC( �/.jI� 

�9II*M "(GII'9@' LII;( "( L&IIE(9F D�IIE H�IIF�1II?!  H�II6  

29|@F 1��!59aE D�E ��- )/5�
 � �?!IC %BIW l�(GI-

 �
�46IC( �- 29!C(�6!� ��� G- 1;T 
(9  /5�
 %H�6 ��/!F ���

 L	�94;9IC/!C( � [!IC�6� <� ��V H
 � f9!'9 T <�4;9C�� "(

 %}!?XEC L@V G- EC�6  �pHG'9@' 
 �IF D�IE s�*IW( KI� �

"( �
�46C( �-pH �"(/'( �6  /IW H�I!�)��.(���aIM H(�I- H�I!�

 �I- >I!' D�E �
 B!7.C >? KV �e?X B!!0� "( �
�46IC(HCL �

HNO3�II�� <�9II5)��.(�II- H�� B!7.IIC �aII.M �IIe?X

 ��76C
 "( �
�46C(ICP-AES�"(/'( /W H�!�.



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

��n 

��K%0�3 ���KU�  $K� �K�+0)DEM()Digital Elevation 

Model (��� D=:�� 

� u!IW %s�I4��( 29I` 1IP!�  KI (9M �!^b� 1C��- �9e.  G-

G&IZ' %B!7.IC >? ,	"9� �- �3JDEM �I- 1��I0;�P  GIZP.  

LI!)4� <�/i��1I.�.  %1M�I4��( v�IZ' "( �
�46IC( �I- �I6 

2(>!  � �F G)*W �
 
9J9  GF(�-T H�F G&Z' H�F�:����� GI!3� 

W/."( �
�46C( �- jwC G	\ 1M�4��( 1 9i� G&Z' � u!IW H�IF

G- >!' 1	�!(�rJ �3J/ T �C
.

 $� �:�! 0 )��7G="�)Decision tree(

� �IE�
 8/  $IZ[!1IZP.  8/I  LI	)1	(�Z6IC( 8\/6IC((

G- �
 Q�0&'( <�95~1	�
 )Binary(1I  2�&' GV �C( /IF


 ]/F �!r6  2�@F GV �!r6  L	 �"�( G'97` �IC�� �I	 �/I! �' 

1  
9W 1  G- /'(9� �"�( G?!C� L	 H�F zE�IW �I!r6  H�IC

97&!� KZ6$  �	 %U!� 9W 1.!-
)��.(B	�6&I!- IV �IE�
 
�-��

�$Z[!�
�
� Kp�$  �C( H/.-V	 2T �
 GLGI- �E�
 2(9I.M

� �
 8/II T�
� /II.	 GIIp(�( H/II.-1II  
9IIW .� �IIE�
$IIZ[!�


�
� !$Z� 1?!P6$  1Y(9' G- (� 9A6$J H�c %H/.- 1  [V� /.

G!Y�' l�C(�- G'9@' H(V�
� 
�(
 �(�i 2T �
 GH/.-1 
9W)�.(

CART [6	�97;( "( 1)	 � �IE�
 H�F $IZ[!1I  /IW�-.�


1  ]/F �!r6  %�9!W B	( G6C� /'(9� /W�- G6C9!� �	 H( .8/  �


CART 
(
��IIF @!$IIZ� #IIC9� <�GII- 1	�II��
 ���II� H�IIF

V`9L��� 2(9.M ��� H��)Node(+GZ* 1 H/.-/'9W .�9�'

GZ*+ �9!W G- H/.- �C( H(VG�
 1I.7@F 2(>!  KIE(
 ��I� �IF 

(/YV��� B!- � �� /IW�- Ki(/IY �IF)�%�����.(B	/I- uI!���

 8/  1J��ECART @!$IZ� "( �
�46IC( �- <�1	�I��
 %1;(9I6 

6E�
 1 �/!|!� � /.?- 1/W�-V1'�	�� G?Y�  �
 G�-K@M jI� 

2
�IIV l�IIF )Prune(�B!II!0� 1�/II!|!� ��II' Ki(/IIY 

)Complexity rate(%1 /!;9� �E�
 89+ [@!6�( 

��.

W=:G� �#>�P:� h�37>F � i�A�0 

�� �/	
�� �
�46C( G0;�P  B	(�
 KZ6$  �!r6  IV1I�h	� GH�IF

4!59�1�3'T 1 �	" O�W G-/W�- .��I T �!59�HH�IF�6 (��� 

' G6$-(� �6 (��� � KZ6$ !�
 >8�/J��C( �/ T.

�.2(>! G6	/!C( pH : G6	/!C( [3  D�E �(�I��!^b� KI �M B	�I�

 G&	� H(�- H�� �
�46C( �!?-�i�- ��I!� H�F �IC( .U	(>I(pH 

�
 H�� Q�IJ /	/&I� u*C D�E D�IE <(�� �PIC /I.'� 

1'�V � 1C� H�F H>? H�F/!$V(1 
9W.H�� 1�PC Q�J 

u*CV2T 1� �
 � �!;RY UF�V�!?-�i UF� H(�I- �
�46IC(

 ��!�1 
9W)=.(�(/IZ  G- D�E 89?�  �
 H�� �e?X B	(�-�.-

 G- 
�	"pH
�(
 176$- D�E .

�.1;T 
(9  :�
�I- <\�Y 1c0- j)?wI@V K!)&I� 1I;T H�IF

 �
 GV H�� 89?�  � �F/!IC(9.! T %1I;T H�F/!IC( /!;9� GA!6' 

K5�Y L!;9/!C(1 
9W - H�� �
�46C( �!?-�i %G�
 {9aE

D�E �F1I  U	(>I( 1)FT H/I-�	 .u*IC 1I;T 
(9I  1I�+ "(

 ���i /W� L	���  H�F!� �/W H>	�9) Q�IJ uI!��� B	/-

 1 U	(>( ��!� #C9� H��/-�	.�
1�IV �(/Z  
9J� <�95

 � �!;RY %1;T �
�  1�/!&Id� 2(>I!  U	(>I( D�IE �
 H��

1 /-�	)�.(

�.H�9W D�E EC f�IA'( <�I0;�P  uI?X( t	�I6' 2�&I' �/IW

1  �?6d  2�F�!� �
 H�� �e?X U	(>( u*C H�9W GV /F


 �C( �/W.� 8RF 2(��I)@F)��(H�9IW GIV /I'
�V ��(>I�

 ��!�� D�E �
 H�� �e?X U	(>( u*C1 
9W .H�� 
9I*@V

 �
D�E �F%1)FT HD�E �FH(�(
 HpH %\�- D�E �IF %1.IW H

� 1II;T >II!'D�IIE �IIF Q9II+�  1'\9II+ </II  H(�II- GIIV 1	

/.6$F)D�E �FH�(>!;�W H(,	�W�C( ��.

�./5�
 <�I.-�V [!$I?V <�4;9IC �:89I?�  "( H�� 8�IZ6'(

 1I  1�/!&Id� �!^bI� ��� ��!� G&	� �PC G- D�E /IW�- .�


D�E �F1�/!&d� u	�S 1)FT H��"( �6@V �-(�- D�E �IF H

� GI6�	 UF�IV D�E B	(�
 H�� 1	�	9� B	(�-�.- %�C( H/!C( 


9*@V 8�@6Y(1 U	(>( H�� /-�	)��.(

�.��-D�E :I0;�P  
�9I  GZP.  D�E ��-G/I5�
 K �IW 

1II  l� � �?!IIC %BIIW/IIW�- .�
 �II5�.M ,II	"9� �IIZ!ZY �


�ED� B	/.` #C9� �FV%H�
�  
(9  %1;T 
(9  2(>!  K �W �96 



� �3$'# �:!3 �;<! e� �7 ��� 8�� �9f� �5��0 g�123 4���0...

��� 

 �$N,.��2<� 7��� �=<�� �7 �:G�3� >:�3�F � W=:G� �#>:�3�F i�A�0 

B! " �E BC %<(�� �"(/'( ,	"9� %1C�.WD� %)N( K � H�IF

�ED�" %IV�I�� NI?0  <(�� 
��� � 1F�I!� UIW9� %1&

 1  �(�i �!^b�
�!�)��(.I@F G-!� �I3J BV�IF�96H/I5�


 �?!C %BW l� �(�� �- �3'T �!^b� ]/F �- VB!7.IC >? U.

-GV��/W G6��.

�.� UW9� G&Z'VH�-��1S(�( :BI	( GI0;�P  
�9I  GZP.  �


 �- G&Z'��$I  N+�I.  %1I-T N+�I.  K �IW GZ*+ )N+�I.  %1'9

IIV H�-��IIV K �IIW H"���&)IIV %GIIA'9	 %9IIJ � f/II.� �&

u!C U	T � [dW %1.! "(B! " %7.J %,��  %�	�- H�F m.IC %K

��9W � ��d5 �8/  H(�J( H(�- �("CART/W �
�46C( .

�.B! " 1C�.W :��6E�CB! " �I- GI0;�P  
�9I  GIZP.  1C�.W�

m.C 1?5( GZ*+ m.IC %16�-T H�F %1'9I���
 � BI	��T H�IF

 m.C � 8��  � K!W %m.C GC�  FT H�F)�I3'T �!^bI� ]/F �- 1

(�� �-VG- B!7.C >? U.V/W G6����.

�.1(��9�9� :G	\ G0;�P  B	(�
 s�4��( H�F%u!IW ��I3J �


�K �W GZ*+ )Q9I.J %��W %��W 8�@W %8�@W %16W
 N+�. 

 Q�X 8�@W � Q�X %Q�X Q9.J %Q9.J %��W(1C��- H(�- 

�^( (�� �
 �3'TV>? U.H�� 1C��- /W.

���� �#8�29� $� )�! �

� 1 �@�V"( �
�46IC( �- 1P!�  H�F�96����IF ��I T B!I " H

)Vm.!A	� (G&Z' G-!� �"(/I'( �- 1P!�  H�F I) K$��� *��� 

/W K	/*� .� G- f"\V�C( �IV"( �
�46IC( �I3J GVmI.!A	�

�
(
 1 �F /.W�- 8� �' 16$	�-.,	"9� 1C��- H(�- G0;�P  B	(�


 �
(
 2
9I- 8�I �' �$� �2�I.!@+( �PIC �
 �IF��%"(���I T

]���9@?V~]9'�!@C( )Kolmogrov- Smirnov (/W �
�46C( .

�
 jV�I- � [6	��7; K	/*� ��� "( ,	"9� 2
9*' 8� �' <�95

jV�V )Box-Cox ( �
(
 2
�V 8� �' H(�- /IW �
�46C( �F)�.(�


(G (
 u	�S [F176$- �
(
 H(�- 29C�!� u	�IS � 8�I �' H�F

[F 176$- �
(
 H(�- B �!wC( 8� �' �!X H�F)�(B!I- B!7.IC>?

 � 1)	>! H�F�6 (��� �- GI'�	(� GI �'�- L@V �- D�E 1	�!@!W H(

SPSS15/W G*C��  .

	�� �
 "()8/I  �E�IC H(�- 
�CART /IW �
�46IC( .�


	��)8�( 
���%�
(
 "( H�FV8/  1-�	"�( H(�- KGI- <�9I5

f�' #C9� 1
�a� �(>(SPSS 15 �
(
 "( � �/IW Q�Id6'( H�IF

1i�- - �/'�  /W �
�46C( 8/  �E�C H(�)��.(	�� �
)"( f�
 
�

V�
(
 G!? /IW �
�46IC( 8/  1-�	"�( � �E�C H(�- �F)��.(f"\

����6 ( Ki(/Y ���(/Y B!7'�!  ��!0  ](��'( 

G6	/!C( �/=�/n�/��/�

1;T 
(9  ��/��/�n/�=/�

H�9W �/�n/�n�/��/�

%[!$?� <�.-�� ��n�/��n/��

%[!$?� <�4;9C �/��/���/���/�

%BW�/��/���/���/�=

%�?!C �/��/���/���/��

%l��/��/���/�=�/�

s�4��( ���� ���= ���� �/�=n 

u!W ��/��/����/�

H�� >?)mg/kg(����� �/�n=/��



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

��� 

� G-V�C( �V	�� �
 �F �
 G)�
(
 %
� �I!r6  H
��� G!;�( H�F

 G6$-(�);�( �e?X!�"(/I'( G�I!�H�� >I? �/IW H(GI- <�9I5

 1  G6C9!�/W�- .8/ GZ*+ �
 29!C��� � H/.- 1I6ECART �I- 

f�' "( �
�46C( H�� T �(>(SPSS 15 G!3� W/.

��� 8�� �96� �5��0 ��=9 ��+0 $� );A ��5��3 �

G- t	�6' "( �
�46C( �- �C
 GIZ*+ 8/  "( �/ T � H/I.- 29!IC���

 16E�
CART �
 H�� B!7.IC >I? �Ie?X 1'�I)  ,	"9� G&Z' %

D�E �F#!I�  �I�� G0;�P  
�9  GZP.  1�PC H9.3 ARC GIS 

l�IIC(�- H�� <�II!?@M[IIF H�(�II�)Overlay Operation(

G&Z' 8/I  "( �/IW /I!;9� #I-(�� "( KI5�Y H�F CART GI!3�

/II	
�� .U!II� G&IIZ' ��II5 1-�II	"�( H(�II- "( H�� >II? 1II.!-

zE�W B!I!*� u	�S H�FR2)Determination coefficient(�

�IPE <�I0-�  B!7'�I! MSE )Mean Square Error(�46IC( �


/W .2(>!  G`�FR2G- �	
>' L� �
9I- �I�MSE V�(/IZ  B	�I6@

@ )�C( �(
�9E�- H��\�- ��5 "( 8/  %/W�- (�(
 (� B)��.(

a5:9 

GZ*+ 1	�3' 8/   ,	"9� 16E�
 29!C��� � H/.- I) �Ie?X 1'�

 
(/0� �- H�� >?����� V� 1?�=1	�I3' ��� )��I- (G6E�IC

/W)W)K�.(1I  2�&' t	�6'
/I.F IV [I3  GH�IF�6 (��� B	�I�

 G- KZ6$  [!$I?V <�I.-�V /I5�
 K �IW �I!@F( u!���)���(%%

u!IIIIW /IIII5�
)�/��(%BIIIIW /IIII5�
 %)n/��(%/IIII5�
 %

�?!IIC)�/��(%1IIS(�( UIIW9� � H�-��IIV %)�/�n(%/II5�
 %

[!$?V <�4;9C)�/��(%s�4��( %)n/��(%G6	/!IC( 2(>!  %)=/��(%%

l� /III5�
)�/��(%1;T
(9III  2(>III!  %)�/��(%��6E�IIIC %

B!II " 1IIC�.W)n/�(%�IIE H�9IIW /II5�
 %D)�/�(%<�II3J �

1	�!(�rJ)�/�(%/.6$F.

GZ*+ "( /0- H/.-��VU!� �e?X GCR H�� >I? �/W 1.!-

 8/  #C9�CART VG. (
 �
 G�/����=/��=)mg/kg ( �I!!r�

1 V/W G6�� GA!6' %/.V�Y�$  B	�6&!- GGI- �*$I' �F IV K

�/II�  GII- v9II-�  GIIZP. �IIe?X �
 H�IIF=�~�����~n�

)mg/kg (G-�I-(�- u!���=/��%��/��%1I  � /IW�-VB	�I6@

 �IIe?X �
�/II�  GII- v9II-�  �Y�$II ��=~���)mg/kg ( �II-

��/�%1 /W�-)8�/J�.(�
�e?X ,@A� B@S >? H\�- H�F

 2�6C�3W �
�/�  �
 H�� 1i�IW Q9I.J %/'��3' %
�-T/C( H�F

 %2(/@F 1-�X Q9.J %�	R  1i�IW 8�@W � 8�@W %��3- Q9.J

�$	9�V� 2"� Q�X 8�@W � 2�VU!� �e?X B	�6@ �/IW 1I.!- 

2�6C�3W 8�@W �
�/�  �
 H�� >?V�/	
 m.FT�
9*1 
9IW 

)K)W���.(

j;� 

8/II CART1II  H�IIF�6 (��� 1II'��
 #II-(�� l�IIC(�- /II'(9�

�$	" (�� %1P!� V U.)/IF
 f�IA'( (� B!7.IC >I? 1'� .GI-

V@L
8�*'V8/I  #IC9� �/IW G6E�C <(�96C
 2
�CART 

1  �e?X G- 2(9� U!� H�F 8/I  #IC9� B!7.IC >I? �/W 1.!-

 �C
	�� .G-1'�I " �/W G6E�C 8/  �
 8��  �9+ IV�Ie?X G

V<�.-�V[!$?V"( �6@n/��%��>I- BIW /I5�
� �
9- "( �I�

��/��%��>- u!W /5�
 � /W�- "( �I�n�/�%Q�0&I'( �
 �

H/0- u!W �(/Z V"( �6@�=/�%"( �6&I!- 1I;T 
(9I  �e?X �

�/�%�e?X �V<�.-�V��>- [!$? "( ��=n/��%�e?X %/W�-

U!� 8/I  #C9� H�� >? �/W 1.!-CART �I-(�- =/��= �
9I- 

VI� �Ie?X B	��\�- G!U�
 �/IW 1I.!- IV 1I  2�6IC( K/IW�- .

;�Y�
1VGVU!� �e?X B	�6@ /I  #IC9� H�� >? �/W 1.!- 8

CART 1 �7.F K5�Y1 
9W V�e?X GV<�.-�V�6&I!- [!$?

 "(n/��%<�4;9IIC � �
9II-V1II6e?X [!$II?V"( �II6@��/�%�

"( �6&II!- 1II6e?X G6	/!IIC(��/�%/IIW�- G6IIW(
 (�)�-II	�/(H"(

W)K�.(�I6' �I- G-�& 	GI- t%2(/I@F 2�6IC( �
 �/I T �IC
 �


G0;�P (H ,	"9� H97;()�E�
 H�� 1'�DW H�F �I- 2�I.*; 8�@ 

8/  "( �
�46C($Z� �E�
![
(/0� �-����I� V� 1I?����I� 

� 1	�3' B!!0
��	�/�(	B6' G'9�!GA�!�H
�� I	/IVG�I!@F(

pH �
H�� ,@A� nn%%"( G?5� /'�@$I� H��IY N+�I.  ��%%

"( G?II5� �
�IIJ n�%%G?II5� "(�3IIW��%G?II5� %"(#IIE

�" V1&��%1IC�.W m.C %��%%IVH�-��/9�1IS(�( UIW��%%



� �3$'# �:!3 �;<! e� �7 ��� 8�� �9f� �5��0 g�123 4���0...

��� 

Wf(,.>�5&$�=	
  $� �3 g3!>?� � g$����k �3 WA` l:��7 ���&737 �F g3>�#�B��g�� 8�� )M�^ l� 

 �$N/.D=	
 )`G� $A�7 )M�^ F�B����� &$( l� 

u!W 2�	
(����%�	(/F %;()	�6 I)1�%�IE �I!� %D�%
(9I  %

1;T�%��IE N@MD�%1I  /IW�-)n.(( �
 I	 /I5�
 GI0;�P  B

V<�.-�V
�(
 GIZP.  GI!;�( [!$IZ� �
 (� �!@F( B	�6&!- [!$? .

�
 H/I0- [I3  K (9M �?!C /5�
 � BW /5�
 %u!W /5�


 GZP.  [!$Z��C( .s9'VI- 1IS(�( UW9� � H�-��G{9aIE

 N+�. V$ � H"���&)1I  1'�$I'( <(�^( �- 1'9 UIZ' /I.'(9�

 �- �e?X �
 1@3  /.IW�- G6W(
 H�� >? H\ .<�4;9IC /I5�


V1;T
(9I  2(>I!  � l� /I5�
 %G6	/!IC( 2(>I!  %s�4��( %[!$?

 GIIZP.  �
 H�� ,II	"9��
 H/II0- KII (9M/.6$IIF .��6E�IIC

B! " 
�9I  GIZP.  1	�I!(�rJ <�I3J � H�9IW 2(>!  %1C�.W 

<�Z*+ �e?X( mg/kg)�Y�$ )km2(/5�
 �Y�$  

���~���/��� n/�

���–=��/��� �/�

�=�–=���� n/�

�=�–���=�� =/�n

���–n��/���n �/��

=n�–n����� n/��

�n�–�n�/���n �/��

n�n–��� �/��� �

����~��= �/��=� �/�

�� ��= ~��� �/�n� �/�

<=4.25 

Caso4

>4.25 

>7.72 >37.55 <=37.55 
silt 

<=7.72 
pH 

Predicted:62.4  
(mg/kg) 

Predicted:49.86  
(mg/kg) 

Predicted:64.6 
(mg/kg) 

Predicted:58  
(mg/kg) 

Predicted:43.75  
(mg/kg) 

Predicted:98.5  
(mg/kg) 

Predicted:62.82 
(mg/kg) 



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

��� 

)i23 ()�(

Wf(/.�9f� �5��0 �5+9 ��=9��� 8���=	
  $� WA` i23 �:��7 ���!>?� � �$�� (&737 �#Wk� �(&737#l�5��3 g

Wf(-.��=9 D=	
 )M�^ F�B����� &$( l� 

�!^b� G0;�P V�
 KI (9M �	�IC G- �*$' H�� ,	"9��
 (� H�6@

 1 (�(
 GZP. /.W�- .>!  B	�6&!- 2(VGI- 1�aI  
9 �hI	� IV 
9

 2�6C�3W B!- 
�-T/C( 2�6C�3W �
 G��4$ �7	
 H�F �I- 1F(9�

 1I  H�� >I? �e?X U	(>( /IW�-.�
9@IC( � �I-97	" )�n(�


GII0;�P  1IIC��- �II- H(��=GII'9@' IIV �
 G��4$II 
9��IIV �9&

 B!7.IC <(>? 2(>!  1	����(VG��4$I H�IF
9 (� �"(/I'( H�I!� 



� �3$'# �:!3 �;<! e� �7 ��� 8�� �9f� �5��0 g�123 4���0...

��� 

 �$N-.3 m5>0��0�2<� �=<�� �7 &$( �:�!  $� ��5�� 

V/'/!IC� GIA!6' B	( G- � /'
� IV GB	�6&I!- H�� >I? "( /I0-

 �
 �e?XV�5�.M (� G��4$ H�F
9V!' � f��)/.6W(
 K.

Q�C 2
�0  
9J� �I	R  1i�W Q9.J �
 2(�7.FT H�� �

1  �(���!^b� H�� >? �e?X U	(>( �
 >!'/W�- .G-�9+V�I- 1?

B! " ��6E�C G- GJ9� uI;�X 1IC�.W)1'9I���
 � BI	��T (�


�Ie?X �- N+�.  � 
(9I  "( �
�46IC( � �I5�.M BI	( H\�I- H�IF

VB! " �
 �?6d  1	�!@!W H�F
9 H�IF IV �I �
 %H"���&V�96

B! " � 1C�.WVH"���& �I- ��RIM �� Vk uI!p	k9I;9)
(9I  1

1  B!!0� /'(9� V�E �
 �5�.M B	( �e?X �/..DGIZP.  1�PIC 

/W�- G0;�P  
�9 )�=(.

B�F ��=9 );A ��5��3 ��� 8�� ���� 

zE�IW �
 "( 8/I  ��I5 
��T�- H(�-R2�MSE �
�46IC( 

/W)8�/J�.(2(>I!  G`�FR2GI- �I	
>' L� �
9I- �I�MSE 

V@ �(/IZ  B	�6@ I) H��\�I- ��I5 "( 8/I  %/IW�- (�(
 (� B

�C( �(
�9E�-.

�
 "( �
�46IIC( �II;�YV�
(
 GII!? 8/II  �E�IIC H(�II- �IIF

1@' �I ( ��	 �C
 8/  ��5 H(�- 1Z!i
 1-�	"�( G- 2(9�

 "( �
�46C(��%�
(
 1I  �F ��� 8/I  1-�I	"�( H(�I- /I'(9�

 /W�- 1*C�.  .u	�IS zE�IW �
 GI0;�P  BI	( �
 � B!I!*�

 �PE <�0-�  B!7'�!  GI- �/IW G6E�C 8/  1-�	"�( H(�- ��IV

 /W G6�� .G- t	�6' 2T "( 1V�Y zE�W �
 �F "( �/ T �C


 �
(
 G!?V "( �
�46C( �;�Y �
 �F �
 GV �C( "( �
�46IC( � �F

�� %�
(
 8/  1-�	"�( H(�- �FCART 1-9IE t	�6' 8/  B	( 

1  Gp(�( (�/F
 .G'9� G- H( GV 1I  2�&I' t	�I6' �
 GIV /IF


 �
(
 G!?V "( �
�46C( �;�Y %8/  1-�	"�( � �"(�- �9e.  G- �F

=n %#IIC9� H�� >II? �
 <(�II!!r� 8/II CART GII!J9� 

1  

�� .[F�
(
 [!$Z� ��� �
 B!.` � �"(�- �9e.  G- �F

 GIV �W(
 2�M�( /	�- >!' 8/  1-�	"�(n�%>I? �
 <(�I!!r�

 8/  #C9� H��CARTJ9� 1 �!$4� � G! 
9W)8�/J�.(

&$( �:�!  $� �538� � V5�� 

GZ*+ 8/  H�� >I? U.V(�� H(�- 16E�
 1'9!C��� � H/.-

 �Y�$  �- 2(/@F 2�6C( �
�����,-� �6 9?!V /IW G6E�IC .

<(>I? U.V(�I� 
�9I  �
 1��I0;�P  %GIZP.  BI	( �
 G`��

 ��� #C9� B!7.C B!I " H�F �I ( �IC( �/IW f�IA'( ��I T

Fq!B! " �$	" H�F�6 (��� f(/V �(/Z  B!!0� H(�- (� 1C�.W

 U!� 1	�3' �
(/I' �;�E
 B!7.C >? 1.!- B!I.` /I!;9� � /I'(

G&Z' �IC( Q�!@V �9&V KV �
� 1��0;�P  GZP.  B	( �
 H( .

G&Z' B!.` /!;9� u!��� B	( G- 1  1	�F � 2�ZZ�  H(�- /'(9�

[!@a� �$I	" <R)&  KY 
�9  �
 2(�!�� 1I)@V 1IP!


9W Q9$�  ��>-.

��� H�	(>  "(H�6 (����!X CART BI	( 2
9I*' l�$Y

 �
(
 ,	"9� G- �*$' ��� 1  �F/W�- .�
(
 ��� B	( �
 H�F

 ��� �
 <�� /I.F(9d' <�-�0&I'( �
 H�!^b� � �/W G.!P'�i �F

�W(
)��.(2T �7	
 �	>  GVCART �
(
 GIM9@A  �- H�IF

 �^g  ��
�	" 
�0-( � ��>-��1 K@M 1I  (�; /.V t	�I6' /I'(9�

 "( 1I@V �$I!;�- 
9IJ9  H�IF�!r6  
�I	" 
(/I0� "( H/!4 

 /I	�@' Gp(�( [3  H�F�!r6 )n.(1&I	�@' ��6E�ICCART GI- 

[3 K-�i G@F H(�- 1�
�C1 29!C��� t	�6' �- B	( GV /W�-

 t	�I6' zad6  L	 /	�- ��(9@F (�	" 
�(
 <�	�r  L!6$A;

� �!$4� (� �!*0�/	�@' )�.(

1  ��� B	( u	�0  "( 
�IV ���IW( s9IS9  B	( G- 2(9� :

KII!?���
CART �(�II��^( �II!r6  LII	 �II3.� GII?Y�  �IIF �
 

�
� � �/W G6E�.W 2T "( �(/IZ  LI	 l�IC(�- �I3.� >!' H/.-

 R2MSE 

�
(
 G!?��F�
(
1-�	"�( H�F �
(
 G!?��F�
(
1-�	"�( H�F 

CART =n/�n�/�n/n�/��



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

��� 

1  <�95 �!r6 
�!� .GI- � 2�I.!@+( �PIC G*IC��  ��RIM

 1	97&!� H(�- 2�.!@+( K5(9 
9IJ� K!?�� B	(�
 �F 
�(/I' 

[F �H
��T�- U!- 8�@6Y( B!.`)Overfitting(
9IJ� >I!' 


�(
)n��.(

&7%:!3 7��� ���� 

�.1-f�'.��nn.�/.	\T j?+( O�+ 2(/@F 2�6C( H�F.G	�� Ud- .&'(
 )10!*+ ,-�.  �/%2�345( 160.5 ��7&'(
 .

�.�� 1.$YDs %.�f.B	/;( ]�W.��n�.�
(
 K!?�� ( H�FV1�&6.��`%f�
2(�3� ��7&'(
 <(��&6'( .

�.(/EV8 %1 � .��nn .1�
9;T ,-�.  1-�	"�( GPZ'�!X H�F H(V"( �
�46C( �- H"���&RS �GIS . 2�I	�� GI �'V1IC�.W�� #!I�  /IW�(

�$	"%&'(
 )10!*+ ,-�.  �/%2�345( 160.5 ��7&'(
 .

�.f %1'(�!W .��n= . <(�!!r�)%Q�C 1'�V!' %[! 
�)�- �
 H�� � K�E 1EDH�FV�(�I��>- �
�/I�  H�3IW � 160.5 %H"���&

/3& ~2(��.` .2�	�� G �'V1C�.W�� �E /W�(D1C�.W%&'(
 )�/VH"���&%/3&  1C�
� ��7&'(
 .

5. Alloway, B. J. 2006. Zinc in Soils and Crop Nutrition. Online book published by the International Zinc Association, 
Brussels, Belgium, available at: http://www.zinc-crops.org/ (visited 15 March 2011). 

6. Barrow, N. J. and B. R. Whelan. 1998. Comparing the effects of pH on the sorption of metals by soil and goethite 
and on uptake by plants. Eur. J. Soil Sci. 49: 683-692. 

7. Bocca, B., A. Alimonti, F. Petrucci, N. Violante, G. Sancessario and G. Forte. 2004. Quantification of trace elements 
by sector field inductively coupled plasma spectrometry in urine, serum, blood and cerebrospinal fluid of patients 
with Parkinson’s disease. Acta Sci. Circumst. 59: 559–566.  

8. Bou Kheir, R., M. Greve, C. Abdallah and T. Dalgaard. 2010. Assessing soil Zinc content distribution from terrain 
parameters: A GIS- based decision-tree model in Lebanon. Environ. Pollut. 158: 520–528.  

9. Breiman, l., J. H. Friedman, R. A. Olshen and C. J. Stone. 1998. Classification and Tree. Chapman and Hall Pub., 
189-133. 

10. Cao, H. F., A. C. Chang and A. L. Page. 1984. Heavy metal contents of sludge-treated soils as determined by three 
extraction procedures. J. Environ. Qual. 13: 632-634. 

11. Cheng, W., X. Zhang, K. Wang and X. Dai. 2009. Integrating Classification and Regression Tree (CART) with GIS 
for assessment of heavy metals pollution. J. Environ Monit Assess. 158: 419–431. 

12. Covelo, E. F., J. M. Matías, F. A. Vega, M. J. Reigosa and M. L. Andrade. 2008. A tree regression analysis of 
factors determining the sorption and retention of heavy metals by soil. J. Geoderma 147: 75-85.  

13. Edwards Jr, T. C., R. Cutler, N. E. Zimmermann, L. Geiser and G. G. Moisen. 2006. Effects of sample survey 
design on the accuracy of classification tree models in species distribution models.  Ecol. Model. 199: 132–141.  

14. Esser, K. B., J. G. Bockheim and A. Helmke. 1991, Trace element distribution in soil formed in the indians ounes 
U.S.A. , Soil Sci. 152: 340-350. 

15. Helal, H. N., M. Abdel Monem and F. Azem. 1995. Heavy metal uptake by litalicum as affected by salt-water 
irrigation. In: R.Prost (Ed.), Third international as evaluated by soil extraction and plant analysis. Comun. Soil Sci. 
Plant. Anal. 27: 1355-1361. 

16. Martinez, J., J. Llamas, E., De Miguel, J., Rey and M. C. Hidalgo. 2006. Determination of the geochemical 
background in a metal mining site: example of the mining district of Linares (South Spain). J. Geochem. Explor. 
94 (1-3): 19-29. 

17. National environmental protection. 1999. Schedule (2), Guideline on data collection, sample design and reporting. 
18. Nziguheba, G. and E. Smolder. 2008. Inputs of trace elements in agricultural soils via phosphate fertilizers in 

European countries. Science. Total Environ. 390(1): 53-57. 
19. Olden, L. D., D. A. Jackson and P. R. Peres-Neto. 2002. Predictive Models of Fish Species Distributions: A Note on 

Proper Validation and Chance Predictions.  Am. Fish. Soc. Symp. 131: 329–336.   
20. Sedberry, J. E., F. J. Peterson, F. E. Wilson, D. B. Mengel, P. E. Schiling and R. H. Brupbacher. 1980. Influence of 

soil reaction and applications of zinc on yields and zinc contents of rice plants. Comun. Soil Sci. Plant Anal. 11: 
283-295.  

21. Weaver, R. W., J. S. Angel and P. S. Bottomley. 1986. Methods of Soil Analysis, Microbiology and Biochemical 
Properties. Part II, Soil Science of America Inc., Wisconsin, USA. 

22. Zhang, X., F. Lin, Y. Jiang, K. Wang and M. Wong. 2008. Assessing soil Cu and content and anthropogenic 
influences using decision tree analysis. J. Environ. Pollut. 156: 1260-1267. 



J. Sci. & Technol. Agric. & Natur. Resour., Water and Soil Sci., Vol. 17, No. 63, Spring 2013, Isf. Univ. Technol., Isf., Iran. 
 

226 

Determination of Spatial Distribution Pattern of Zn in Surface Soils of 
Hamadan Province Using Classification and Regression Tree Model 
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Abstract 
Physicochemical characteristics of soil, land cover/use and human activities have effects on heavy metals distribution. 
In this study, we applied Classification and Regression Tree model (CART) to predict the spatial distribution of zinc in 
surface soil of  Hamadan  province under Geographic Information System environment. Two approaches were used to 
build the model. In the first approach, 10% of total data were randomly selected as test data and residual data were used 
for building model. In the second approach, all data were used to build and evaluate the CART model. Determination 
coefficient (R2) and Mean Square Error (MSE) were applied to estimate the accuracy of model. Final model included 51 
nodes and 26 terminal nodes (leaf). Calcium carbonate, slope, sand, silt and land use/cover were determined by the 
CART model to predict spatial distribution of Zn as the most important independent variables. The regions of western 
Hamadan province had the highest concentration of Zn whereas the lowest concentration of Zn occurred in the regions 
of northern Hamadan province. The results indicate good accuracy of CART model using R2 and MSE indices. 

Keywords: Hamadan province, Geographic information systems, Environmental factors, Zinc, Classification, 
Regression Tree Model. 
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