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9�%"09:���2*��%*;-��;(��*$<54%!#-�&�=>1/ (1) 4%!�(��9�%�!�A�-=*-����B/-3��C�=>;���1�5D(�;.��.�=%!�=��-
$/��� �3�4%!�59$&C�A'��2.��/- RMMF (Revised Morgan, Morgan and Finney) %D�(9*�����������,(�
#�%#���" (Geo-Information technology) (2) //9'��2*3%!��/�5%*9:&3��'�!�;.�$�(%!3*����(%5�'%-B/-
9�%�!�A�-=*-����B/-3����14%!�(��Q3A2�9'��2.��/- RMMF '�!//9'��$�((�$%9�%/�5%*9:&3��'�!�;.���1
�.�(�4R��*$�C�A#.�)%*�9�%4%!�(��9�%�!�A�-=*-����B/-3��(�9�%�.�'��2.��/-� �$"�#$%& RMMF (�
4%!�59$&C�A-��%D�(9*�����������,(�#�%#���" �3�$*�'4%��1C�AC�'��2.��/- Q3A'9D 4S22*�3A���;.�T� (R, Rn, I) 
4S22*�3A��3�� (BD, MS, COH, K) 4S22*�3A��=>�)%>/9�%C�A4%!����&��13�� (A, Et/Eo, C, CC, GC, PH, EHD) 
'�!#��=�,(�4%!��" (S) `��*=+&��1Q3A2�99�%"09:�=��D�=>;���1"09:�(�/*$%�9�%#,a�#��3��%!)�D�- 0 - 0.16 $*�
$D/Q%D$D/4c �(>1/�.�/*$%�9�%#,a�#��3��(�2*39�5D('�� Quantile �3�'�D-%!3*����(%5�'%-9�%�!�A�-=*-����B/-
3��//9�4f� 3 %!3*� 4%!9/�3A�� �A/� 4��9��- '�!(�9 ��3�4f�=>;���1 26.48 $%.9(. (33.10%) 29.31 $%.9(. 
(36.64%) '�! 24.21 $%.9(. (30.26%) $�(�.�3*� l01-C��%��� ��1(�9�%�!�A�-=*-����B/-3��C�%!3*�4��9��-
'�!%5�'%-(�9 $A/-(�(�$%9�%/�5%*9:&3��'�!�;.��4f�=��": �/92�9��;�(>1/�.�/*$%�9�%#,a�#��3����1Q3A2�9
9�%"09:�(�2.�'�9$�(%!3*����(%5�'%-��19%(=*m����13��Q3A�.�9�%"09:�Q�A =��D�=>;���1"09:�(�%!3*����(
%5�'%-9�%�!�A�-=*-����B/-3��/�,DC�%!3*��A/�(�9 )%>/(�/*$%�9�%�!�A�-=*-����B/-3��/�,DC��D�- 0 - 2 $*�
$D/Q%D$D/4c 
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�-��-���Z : '��2.��/-� �$"�#$%&  ����������,(�#�%#���"  %!��/�5%*9:&3��'�!�;.� 
 

Abstract 
This thesis studied for the assessment of soil erosion in the upper Lam Phra Phloeng Watershed, 

Nakhonratchasima Province using Revised Morgan, Morgan and Finney (RMMF) model and Geo-information 
technology. The result of soil loss from RMMF model can be used for soil and water conservation design. The 
input data which are used in RMMF model included factors of rain (R, Rn, I), soil (BD, MS, COH, K), landuse 
(A, Et/Eo, C, CC, GC, PH, EHD) and geography (S). The results of soil loss from RMMF model in the studied 
area have the rate of soil loss between 0 - 0.16 ton/rai/year. When derived by grouping Quantile severity of soil 
loss it could be classified into 3 classes low, moderate, and severe. The results present that 26.48 sq.km. 
(33.10%) of area are low, 29.31 sq.km. (36.64%) of area are moderate and 24.21 sq.km. (30.26%) of area are 
severe. Moderate and severe locations are presented for the soil and water conservation practices. Furthermore, 
when classified according to the Land Development Department soil loss classification found that the level of 
soil erosion is very slight with 0-2 ton/rai/year. 
 

Keywords: mathematic model, Geo-information technology, soil and water conservation 
 

1. ���-� 
4%!��"Q��C�4S225�*�9.��*-4%!#�9*�

4Sa)�9�%�!�A�-=*-����B/-3�� l01-#D-`�C)A
�%*=��9%3���#>1/(��%(�-��>1/-2�9$A/-#,a�#��+�$5
/�)�%=>�C�3����12.� �4f�$D/9�%�.��9:$%9%%( 
�/92�9��;�(>1/=�2�% �<0-$!9/�3����1<,9=*3=�Q49*�
�;.��D�'�A��*-=��D�$!9/�3��3*-9�D��9D/C)A�9�3
`��#��$D/�%*=��9%�;.�Q3A ��D� /�2�.�C)A�9�3(����!
C�')�D-�;.�)%>/�.�C)A')�D-�;.�$>;��B�� l01-`�9%!��
3*-9�D��2!9%!��$D/Q4�*-#��=���(�4f�/�,DB/-
(�5:�& '�!�.�C)A�9�34Sa)���-�"%:v9�2'�!#*-�(
$D/Q4Q3A 

9�%�!�A�-=*-����B/-3��'�!9�%=*3=�B/-
$!9/��4f�4Sa)�#.��*a��1 �9�3B0;�C�=>;���1�5D(�;. �      
�.�=%!�=��-$/��� l01-#��)$5#.��*a(�2�99�%

�4��1��'4�-9�%C�A��13��2�9=>;���14w�Q(A�4f�=>;���1
�9:$%9%%( (�9�%$*3Q(A'�!�.�9�%�9:$%�3�B�3
9�%/�5%*9:&3��'�!�;.���1<,9$A/- %�(�*;-B�39�%��-
'`�9�%C�A��13�� �.�C)A4w�Q(A��1���/53(#(�,% &/�,D�3�(
$A/-<,9'4%#��=Q4�4f�)�A�3����1<,9�4x3��D- �9�3
4Sa)�9�%�!�A�-=*-����B/-3�� �%*=��9%'�!
#�1-'�3�A/(�9�3���(�#>1/(��%( �/92�9��;�*-�.�C)A
�9�39�%�*�<(B/-$!9/� �.�C)A')�D-�;.�$>;��B�� 
'��2.��/-��-� �$"�#$%& (mathematic model) �4f�
'��2.��/-��1(�9�%�����'��9%!���9�%$D�-y ��-
+%%(��$� �3�(�9�%�.�#(9�%��-� �$"�#$%&(�C�A
�=>1/��3�!��)%>/=��9% &9�% �9�39�%�!�A�-
=*-����B/-3�� 9�%�9�3$!9/�C��.��;.� l01-#�(�%<
�.�Q3A)�����+�  B0;�/�,D9*��*$<54%!#-�&B/-9�%
��3)(��)%>/=��9% &  9�%"09:��%*; -��; Q3AC�A
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'��2.��/- RMMF (revised Morgan, Morgan and 
Finney) %D�(9*�����������,(�#�%#���" (geo-
information technology) �=>1/4%!�(��9�%�!�A�-
=* -����B/-3��C�=>; ���1 �5D (�;. � �D/�B/-�5D(�;. �           
�.�=%!�=��-$/��� �3�C�ABA/(,��D�4S22*�)%>/
=�%�(��$/%&��1#.��*a#.�)%*�'��2.��/- Q3A'9D #��=
�,(�/�9�"  �5 #(�*$�B/-3��'�!�5 #(�*$�B/-=>�
��-4%!9�% (��.�9�%����%�!)&%D�(9*�'��2.��/-
%!3*�#,-���-��B �=>1/4%!(� �D�/*$%�9�%#,a�#��3��
%��4c #.�)%*�9�%4%!�(��9�%�!�A�-=*-����B/-3��
3A��'��2.��/- RMMF 2!'�9����%�!)&//9�4f� 2 
9% � �>/ 2!=�2�% �4%�(� 3����1#,a�#��2�99�%<,9
9*3�l�!3A���;.�T�C�9%!���9�%'$99%!2��B/-
3�� (soil detachment) �4%��������9*�4%�(� 3����1<,9
���>1/��A��3A���;.�Q)��D�$�(9%!���9�%=*3=�
/�5���B/-3����1'$99%!2�� (transport capacity) [1] 
l01-9%!���9�%C3#,a�#��4%�(� 3���A/�9�D�2!
9����4f�$*�3*�����19.�)�34%�(� 3����1#,a�#��
��>1/-2�99�%�!�A�-=*-����'�!<>/�D�4%�(� 9�%
#,a�#��3����1�9�32�99%!���9�%�*;� �4f�4%�(� 3��
��1<,9�!�A�-=*-����2%�-��1�9�3B0;�C�=>;���1"09:� C�
#D��B/-9�%//9'��2*3%!��/�5%*9:&3��'�!�;.� 
2*3�.�B0;��=>1/C�A�4f�'����-4|/-9*�4Sa)�9�%�!�A�-
=*-����B/-3����12!�9�3B0;�C�=>;���1"09:� l01-#�(�%<
//9'��$�('����-)�*9Q3A 2 '����- �>/          
(1) //9'��$�(%!3*����(%5�'%-B/-9�%�!�A�-
=*-����B/-3����14%!�(��Q3A2�9'��2.��/- RMMF 
'�! (2) //9'��$�((�$%9�%/�5%*9:&3��'�!�;.���1
�.�(�4R��*$�C�A Q3A'9D ��+�9� ��+�=>� '�!��+��B$9%%( 
�4f�$A� 

-����2*���;(��*$<54%!#-�&�=>1/  

(1) 4%!�(��9�%�!�A�-=*-����B/-3��C�
=>;���1�5D(�;.��.�=%!�=��-$/��� �3�4%!�59$&C�A
'��2.��/- RMMF (revised Morgan, Morgan and 
Finney) %D�(9*�����������,(�#�%#���" (geo-
information technology) 

(2) �=>1///9'��2*3%!��/�5%*9:&3��'�!�;.�
$�(%!3*����(%5�'%-B/-9�%�!�A�-=*-����B/-3��
��14%!�(��Q3A2�9'��2.��/- RMMF '�!//9'��
$�((�$%9�%/�5%*9:&3��'�!�;.���1�.�(�4R��*$�C�A 
 

2. �
�������V���,�� 
2.1 *��������2%(�$� 
BA/(,�4%�(� �;.�T�Q3A'9D BA/(,�4%�(� 

�;.�T�%��4c BA/(,�2.�����*�T�$9C�%/�4c =.". 
2552 2.���� 14 #<��� BA/(,����()�*9���B/-T�
#,-#53C�)�01-�*1��(-2�99%(/5$5���(�����'�!9%(
��4%!���  BA/(,�3A��3�� Q3A'9D  BA/(,����(25
���(�>;�B/-3����1%!3*�#��( (MS) BA/(,����(
)��'�D�%�(B/-3�� (BD) BA/(,�3*������(�-��
B/-3��$D/9�%<,99*3�!3A���;.�T� (K) BA/(,�9�%�03
�9�!$*�B/-`��)�A�3�� (COH) 2�99%(=*m����13�� 
BA/(,�=>�)%>/9�%C�A��13�� Q3A'9D BA/(,�%A/��!B/-
�;.�T���1=>��03Q�A (A) BA/(,����(�09B/-�;.�C�3����1
=>��.�Q4C�A4%!����&Q3A (EHD) BA/(,�/*$%�#D��
%!)�D�-9�%���%!�)�2%�-9*�9�%%!�)��;.�#,-#53 
(Et/E0) BA/(,��D�9�%49��5(B/-=>�=*�+5& (C) 2�99%(
=*m����13�� BA/(,����(��3�*���1#*-��%�!)&Q3A2�9
'��2.��/-%!3*�#,-���-��BB/-9%(=*m����13�� '`�
��1�533�� '`���19�%C�A4%!����&��13�� '`���1�#A���-
�(���( '`���1�#A���-�;.� '`���1�5D(�;.� '`���1�5D(
�;.��D/� '�!'`���1B/��B$9�%49�%/-(�$%�#D��  
1: 50,000  
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2.2 ( �*�/
���a'%�b*�� 
��%>1/-�/(=���$/%&=%A/(�4%'9%(��-

%!��#�%#���"�,(�"�#$%& (GIS) �4%'9%( ArcGIS 
9.3 demo (License code: EVA844494416_V93) 
 

2.3 ��V�*���b*��  
2.3.1 9�%�$%��(BA/(,�C)A/�,DC�%,4'��

B/-%!��#�%#���"�,(�"�#$%& 2*3�$%��(BA/(,���1
�9�1��BA/-�*;-)(3#.�)%*�C�AC�'��2.��/- RMMF 
�3��.�(�2*3�.�C)A/�,DC�%,4'��B/-BA/(,�%!��
#�%#���"�,(�"�#$%& l01-2!�D��C)A2*39�%BA/(,����-
=>;���1'�!����%�!)&BA/(,�Q3A/�D�-(�4%!#��+���= 

2.3.2 9�%#%A�- parameter maps #.�)%*�
C�AC�'��2.��/- RMMF 

(1) BA /(, �4%� (� �;. � T�  Q3A '9D 
BA/(,�4%�(� �;.�T�%��4c (R) BA/(,�2.�����*�T�$9
C�%/�4c (Rn) '�!BA/(,����()�*9���B/-T�#,-#53
C�)�01-�*1��(- (I) ��1Q3A2�99%(/5$5���(����� #�(�%<
�.�(�#%A�-�4f�'`���1�;.�T� (rainfall map) �3�C�A
��+�9�% interpolation 3A�������� IDW (inverse 
distance weighting) [2] 

(2) BA/(,���1�9�1��BA/-9*�3�� Q3A'9D 
���()��'�D�%�(B/-3�� (BD) 9�%�03�9�!$*�B/-
`��)�A�3�� (COH) ���(25���(�>;�B/-3����1%!3*�
#��( (MS) '�!3*������(�-��B/-3��$D/9�%<,9
�!�A�-�3�T� (K) ��1Q3A2�99%(=*m����13��2!<,9
�.��BA�#,D$�%�-/%%<�+����B/-'`���13�� �=>1/#%A�-'`���1
�D�4S22*���1�9�1��BA/-9*�3���*;-)(3 '�!'`���1�D�4S22*�
��1�9�1��BA/-9*�3��'#3-3*-%,4��1 1 [3] 

(3)  BA/(,���1�9�1��BA/-9*�=>� Q3A'9D 
BA/(,�#*3#D���;.�T���1=>�l0(l*�Q�A (A) /*$%�#D��9�%���
%!�)�2%�-9*�9�%%!�)��;.�#,-#53 (Et/Eo) �D�9�%49��5( 

=>�=*�+5& (C) BA/(,��%>/��/349��5( (CC) BA/(,�#�1-      
49��5(3�� (GC) ���(�09B/-�;.�C�3����1=>��.�Q4C�A
4%!����&Q3A (EHD) '�!���(#,-=>� (PH) ��1Q3A2�99%(
=*m����13��2!<,9�.��BA�#,D$�%�-/%%<�+����B/-'`���1
9�%C�A��13�� �=>1/#%A�-'`���1�D�4S22*���1�9�1��BA/-9*�=>�
�*;-)(3 '`���1�D�4S22*���1�9�1��BA/-9*�=>�'#3-3*-%,4
��1 2 [3] 
 

 
 

�$���� 1 '`���1�D�4S22*���1�9�1��BA/-9*�3�� 
 

 
 

�$���� 2 '`���1�D�4S22*���1�9�1��BA/-9*�=>� 
 

(4) BA/(,����(��3�*�B/-=>;���1 (S) 
Q3A2�99�%#*-��%�!)& '��2.��/-%!3*�#,-���-��B 
(DEM) [3] 

2.3.3 9�%4%!�(��9�%�!�A�-=*-����B/-
3��3A��'��2.��/- RMMF 

4%!�59$&C�A-��'��2.��/- RMMF 
�3�9�%�B����.�#*1-���4%'9%( ArcGIS 9.3 demo 
�3���>/9C�A9�%����%�!)&BA/(,�3A�� Model Builder 
(%,4��1 3) ��1(�BA/3� �>/ �D��C)A����%�!)&BA/(,�Q3A/�D�-
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/*$��(*$� '�!C�9�%�.��� �D�4S22*�$D�-y 2!/�,DC�
%,4'��B/- raster calculation 
 

 
 

�$���� 3 9�%����%�!)&BA/(,�3A�� model builder 
 

'��2.��/- RMMF '�D-
9%!���9�%��1�.�C)A �9�39�%�!�A�-=*-����3��
//9�4f� 2 #D�� �>/ 9�%'$99%!2��B/-/�5���3�� 
(soil detachment) '�!9�%=*3=�/�5���3��Q49*��;.�
Q)��D� (transport capacity) [1] �/92�9��;
'��2.��/- RMMF Q3A'�D-9%!���9�%�!�A�-
=*-����B/-3��//9�4f� 2 phase �>/ water phase 
'�! sediment phase [4]  

(1) Water phase 
(1.1) 9�%4%!(� �D�=�*--��2��&B/-

�;.�T� (estimation of rainfall energy) 
- 9�%)�4%�(� �;.�T���1�)�>/2�9

9�%l0(l*�B/-=>� (effective rainfall)  
 ER = R (1- A)     (1) 

�(>1/ ER �>/ 4%�(� �;.�T���1�)�>/2�99�%l0(
l*�B/-=>� ((�����($%) 

          R �>/ 4%�(� �;.�T�%��4c ((�����($%) 
         A �>/ 3*����;.�T���1=>�l0(l*� (0-1) [1]  

- 9�%)�4%�(� �;.�T���1$99%!��
=>;�3��)�*-2�9<,9l0(l*�2�9�%>/��/3=>�  

 LD = ER ×CC      (2) 
�(>1/ LD �>/ 4%�(� �;.�T���1$99%!��=>;�3��

)�*-2�9<,9l0(l*�2�9�%>/��/3=>� ((�����($%) 
       CC �>/ �%>/��/349��5( (%) 

- 9�%)�4%�(� �;.�T���1$9#,D=>;�3��
�3�$%- (direct through fall)  

 DT= ER-LD       (3) 
�(>1/ DT �>/ 4%�(� �;.�T���1$99%!��=>;�3��

�3�$%- ((�����($%) 
- 9�%)�=�*--��2��&B/-�;.�T���1$9

9%!��`D���%>/��/3=>� (kinetic energy of LD) 
KE (LD) = LD [(1.58 x PH0.5) - 5.87]  (4) 

�(>1/ KE (LD) �>/ =�*--��2��&B/-�;.�T���1$9
9%!��=>;�3��`D���%>/��/3=>� (2,�$D/$�%�-�($%) 

                     PH �>/ ���(#,-=>� (�($%) 
- 9�%)�=�*--��2��&B/-T���1Q)�

`D���3�$%- (kinetic energy of DT)  
KE (DT) = DT (11.9 + 8.7 log I)   (5) 

�(>1/ KE (DT) �>/ =�*--��2��&B/-�;.�T���1$9
9%!��=>;�3���3�$%- (2,�$D/$�%�-�($%) 

      I �>/ ���()�*9���B/-�;.�T����C� 
1 �*1��(- ((�����($%$D/�*1��(-) ���()�*9���B/-T�
C�A�D�����1� 25 (�����($%$D/�*1��(- l01-�4f��D���1
�)(�!#(#.�)%*�4%!��"C�'<��#A�",��&#,$% [1]  

- 9�%)�=�*--��2��&B/-T�%�( 
(kinetic energy of rainfall) 

KE = KE (DT) + KE (LD)     (6) 
=�*--��2��&B/-�;.�T��*;-)(3'#3-3*-

%,4��1 4 
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�$���� 4 '`���1�D�=�*--��2��&B/-T�%�( 
 

(1.2) 9 � % 4 % ! ( �  �D � �;. � Q ) � �D � 
(estimation of runoff) '���D�$�(#(9�%��1 7-9 

- ���(#�(�%<C�9�%9*9�9��
���(�>;�  

R c=1000×MS×BD×EHD× (E t/E 0)   (7) 

�(>1/ Rc �>/ ���(#�(�%<C�9�%9*9�9��

���(�>;�B/-3�� ((�����($%) 
       MS �>/ ���(25���(�>;�B/-3����1%!3*�

#��( (% ww) 
       BD �>/ ���()��'�D�%�(B/-3�� (�(9!

9%*($D/�,9��"9&�l�$��($%) 
       EHD �>/���(�09B/-�;. �C�3����1=>�

�.�Q4C�A4%!����&Q3A (�($%) 
       Et /Eo �>/ /*$%�#D��%!)�D�-9�%���

%!�)�2%�-9*�9�%%!�)��;.�#,-#53 
- 4%�(� �;.�T�����1�$D/�*�C� 1 4c  

R0 = R/Rn                    (8) 

�(>1/ R0 �>/ 4%�(� �;.�T�����1�$D/�*�C� 1 4c 

((�����($%$D/�*�) 
       R �>/ 4%�(� �;.�T�%��4c ((�����($%) 

      
n

R �>/ 2.�����*�T�$9C�%/�4c  
- 9�%4%!(� �D��;.�Q)��D� 

(runoff)  
Q= R exp (- R C/R 0)                (9) 

�(>1/ Q �>/ 4%�(� �;.�Q)��D�)�A�3�� )�D��
�4f��,9��"9&�($% 

`��*=+&��1Q3A2�99�%4%!(� �D��;.�
Q)��D� '#3-3*-%,4��1 5 
 

 

�$���� 5 '`���14%�(� �;.�Q)��D�)�A�3�� (runoff) 
 

(2) Sediment phase 
 (2.1) 9�%4%!(� �D�9�%'$99%!2��

B/-/�5���3����1�9�32�9�(�3T�'�!�;.�Q)��D�  
- 9�%'$99%!2��B/-3����>1/-2�9

T� (soil detachment by raindrop; F)  
F = K× KE × 10-3   (10) 

   �(>1/ F �>/ 9�%'$99%!2��B/-3����>1/-2�9
�;.�T� (9���9%*($D/$�%�-�($%) 

K �>/ ���(�-��B/-3��$D/9�%<,9�!
�A�-�3�T� (9%*($D/2,�) 

- 9�%)�4%�(� �(�33����1'$9
9%!2����>1/-2�9�;.�Q)��D� (soil detachment by 
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runoff; H) #�(�%<�.��� Q3A2�9#(9�%��1 11 '�! 
12 �3�C�#(9�%��1 11 2!�4f�9�%�.��� '%-$A��
B/-3��$D/9�%<,9=*3=��3��;.�  

Z = 1/0.5 COH                   (11) 
�(>1/ Z �>/ '%-$A��B/-3��$D/9�%<,9=*3=�

�3��;.� 
       COH �>/ 9�%�03�9�!$*�B/-`��)�A�3�� 

(9���4�#���) 
'�!9�%'$99%!2��B/-/�5���3��

��1�9�32�9�;.�Q)��D�)�Q3A2�9 
H = ZQ 1.5×sinS× (1-GC) ×10-3  (12) 

�(>1/ H �>/ 9�%'$99%!2��B/-3���3��;.�Q)�
�D� (9���9%*($D/$�%�-�($%) 

       S �>/ ���(��3�*� (/-"�) 
       GC �> /  %A / � �!B/-=> �49��5 (3� � 

(�4/%&�l��$&) 
- 9�%'$99%!2��B/-3��%�( (total 

soil detachment; D) �.��� Q3A�3�9�%%�(9�%'$9
9%!2��B/-/�5���3����1�9�3B0;�2�9�;.�T�'�!�;.�Q)�
�D�$�(#(9�%��1 13 '�!`�9�%"09:�'#3-3*-%,4��1 6 

D = F + H                     (13) 
�(>1/ D �>/ 9�%'$99%!2��B/-3��%�( 

(9���9%*($D/$�%�-�($%) 
(2.2) 9�%=*3=�/�5���3��Q49*��;.�Q)�

�D� (transport capacity of runoff) #�(�%<�.��� Q3A
2�9#(9�%��1 14 '�!`�9�%"09:�'#3-3*-%,4��1 7 

 TC = CQ2 ×sin S   × 10-3                 (14) 

�(>1/ TC �>/ ���(#�(�%<C�9�%=*3=�
$!9/�B/-�;.� (9���9%*($D/$�%�-�($%) 

       C �>/ 4S22*�#�1-49��5(3�� 
(2.3) 9�%4%!(� �D�9�%�!�A�-=*-����

B/-3��C�%,4'��B/-9�%#,a�#��3�� [prediction soil 

loss = minimum (D, TC)] �4f�9�%�.��� B*;�#53�A��
B/-'��2.��/- RMMF �3�/*$%�9�%#,a�#��3��%��
4c�.��� Q3A2�99�%�4%���������D���1$1.���1#53%!)�D�-
9�%'$99%!2��B/-/�5���3��'�!9�%=*3=�/�5���
3��Q49*��;.�Q)��D� '#3-Q�A$�(#(9�%��1 15 l01-
9%!���9�%C3#,a�#��3���A/�9�D�2!�4f�3*���
9.�)�34%�(� 3����1#,a�#����>1/-2�99�%�!�A�-
=*-���� '�!<>/�D�/*$%�9�%#,a�#��3����1�9�3B0;�2�9
9%!���9�%�*;� �4f�4%�(� 3����1<,9�!�A�-=*-����
2%�-��1�9�3B0;�C�=>;���1"09:� �3�`�9�%"09:�3*-%,4��1 8  
 

 
 

�$���� 6 '`���19�%'$99%!2��B/-/�5���3��%�( 
 

 

�$���� 7 '`���19�%=*3=�/�5���3��Q49*��;.�Q)��D� 
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SL=min (D, TC)                  (15) 
� (>1 /  SL �> /  /* $ % �9�%#,a �#� �3� �% ��4c 

(9���9%*($D/$�%�-�($%) 
 

 
 

�$���� 8 '`���1/*$%�9�%�!�A�-=*-����B/-3�� 
 
(2.4) 9�%2.�'�9%!3*����(%5�'%-B/-

9�%�!�A�-=*-����B/-3���4f���+�)�01-C�9�%�.��#�/
=>;���1��1�#�1�-$D/9�%�9�39�%�!�A�-=*-����B/-3�� 
�3�/�"*�9�%2.�'�9$�(4%�(� 3����1#,a�#��Q4C�
'$D�!4c '�!'�D-%!3*����(%5�'%-B/-9�%�!�A�-
=*-����B/-3��//9�4f� 5 %!3*� 4%!9/�3A�� �A/�
(�9 (0-2 $*�/Q%D/4c) �A/� (2-5 $*�/Q%D/4c) 4��9��- 
(5-15 $*�/Q%D/4c) %5�'%- (15-20 $*�/Q%D/4c) '�!%5�'%-
(�9 (>20 $*�/Q%D/4c) [5] 

(2.5) 9�%//9'��2*3%!��/�5%*9:&3��
'�!�;.�$�('����-)�*9 2 '����- �>/ (1) //9'��
$�(%!3*����(%5�'%-B/-9�%�!�A�-=*-����B/-3��
��14%!�(��Q3A2�9'��2. ��/- RMMF '�!               
(2) //9'��$�((�$%9�%/�5%*9:&3��'�!�;.���1�.�(�
4R��*$�C�A#.�)%*�(�$%9�%/�5%*9:&3��'�!�;.� Q3A'9D 
��+�9� ��+�=>� '�!��+��B$9%%( [6] 
 

3. #�*���&�(. 
2�99�%4%!�(��/*$%�9�%�!�A�-=*-����B/-

3��3A��'��2.��/- RMMF %D�(9*�����������,(�
#�%#���" `�9�%"09:�=��D� 

3.1 =>;���1"09:�(�/*$%�9�%#,a�#��3��%!)�D�- 
0-0.16 $*�$D/Q%D$D/4c �(>1/�.�/*$%�9�%#,a�#��3��(�2*3
9�5D('�� Quantile �3�'�D-%!3*����(%5�'%-9�%�!
�A�-=*-����B/-3��//9�4f� 3 %!3*� 4%!9/�3A��
�A/� 4��9��- '�!(�9 ��3�4f�=>;���1 26.48 $%.9(. 
(33.10%) 29.31 $%.9(. (36.64%) '�! 24.21 $%.9(. 
(30.26%) $�(�.�3*� (%,4��1 9) �/92�9��; �(>1/�.�/*$%�
9�%#,a�#��3����1Q3A2�99�%"09:�(�2.�'�9$�(%!3*�
���(%5�'%-��19%(=*m����13��Q3A"09:�Q�A =��D�=>;���1
"09:�(�%!3*�9�%�!�A�-=*-����B/-3��/�,DC�%!3*�
�A/�(�9 )%>/(�/*$%�9�%�!�A�-=*-����B/-3��/�,D
C��D�- 0-2 $*�$D/Q%D$D/4c 
 
 

 
 

�$���� 9 '`���1%!3*����(%5�'%-B/-9�%�!�A�-
=*-����B/-3��$�('�� Quantile 

 
3.2 9�%//9'��2*3%!��/�5%*9:&3��'�!�;.� 

'�D-//9$�('����-)�*9Q3A 2 '����- �>/ 
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3.1.1 //9'��$�(%!3*����(%5�'%-��1
4%!�(��Q3A2�9'��2.��/- RMMF l01-2�99�%"09:�
=��D�=>;���1"09:�(�/*$%�9�%#,a�#��3��%!)�D�- 0-0.16 
$*�$D/Q%D$D/4c '�!�(>1/2.�'�9$�(%!3*����(%5�'%-
��19%(=*m����13��Q3A�.�9�%"09:�Q�A =��D�=>;���1"09:�
(�%!3*�9�%�!�A�-=*-����B/-3��/�,DC�%!3*��A/�
(�9 �!�*;�C�9�%��-'����-4|/-9*�'�!'9AQB
4Sa)�9�%�!�A�-=*-����B/-3�� )�9�4f�=>;���1%��
Q(D2.��4f�$A/-(�(�$%9�%/�5%*9:&3��'�!�;.� #D��=>;���1
��1�4f��,�B�#,-�*�lD�l01-�*-�-#��=�4f�4w�Q(A+%%(��$� 
��%(�(�$%9�%/�5%*9:&=>;���14w�Q(AQ�A�=>1/4|/-9*�
Q(DC)A�9�34Sa)�9�%�!�A�-=*-����B/-3�� 

3.1.2 //9'��2*3%!��$�((�$%9�%
/�5%*9:&3��'�!�;.���1�.�(�4R��*$�C�A l01-=�2�% �$�(
���(��3�*� '�!4S22* �3A ��/>1�y �=>1/9. �)�3
(�$%9�%)%>/'����-C�9�%//9'��%!��/�5%*9:&
3��'�!�;.� Q3A`�9�%"09:�3*-%,4��1 10 '�!$�%�-��1 1 
 
 

 
 

�$���� 10 '`���19�%2*3�*;����(��3�*� 
 

$*�/�D�-9�%//9'��2*3%!��/�5%*9:&3��
'�!�;.�C�=>;���1"09:�'#3-3*-%,4��1 11 

	���.��� 1 (�$%9�%/�5%*9:&3��'�!�;.�=�2�% �$�(
���(��3�*� 

slope class (�$%9�%/�5%*9:&3��'�!�;.� 
A (0-2) ��+�=>� : 4�,9)aA�'T9 

��+��B$9%%( :  Q<=%��$�('��%!3*�
'�!4�,9=>�$�('��%!3*� 

B (2-5) ��+�9� :  �.��*�3��'��%!3*� ('����1 2) 
)%>/�3%!3*� ('����1 4) 

��+�=>� :  4�,9)aA�'T9'�%9B���9*�
'��4�,9Q(A�>�$A� 

C (5-12) ��+�9� :  �.��*�3��'��%!3*� ('����1 2) 
)%>/�3%!3*� ('����1 4) 

��+�=>� : 4�,9Q(A�>�$A�$�(%!3*�'�!(�
'<�)aA�'T94�,9B��-���(
��3��B���9*�'<���14�,9Q(A�>�
$A� 

D (12-20) ��+�9� :  �.��*�3��'����1 5 

��+�=>� : 4�,9Q(A�>�$A�$�(%!3*�'�!(�
'<�)aA�'T94�,9B��-���(
��3��B���9*�'<���14�,9Q(A�>�
$A� 

E (20-35) ��+�9� :  �.��*�3��'����1 5 �=>1/4|/-9*�
9�%�!�A�-=*-����B/-3�� 

��+�=>� : 4�,9Q(A�>�$A�)%>/Q(A�$�%�� 
F (>35) #-��Q�A�4f�4w�+%%(��$� 
 

%!��/�5%*9:&3��'�!�;.���13�2!$A/-�4f�%!��
��1(�9�%`#(`#��9*��*;-��+�9�'�!��+�=>� �3�B0;�/�,D
9*�#��==>;���1'�!���(�)(�!#(B/-3�� #�1-��1#.��*a
��1#539��>/$A/-(��*;-%!��4|/-9*�����,DQ49*�%!��
9�%4%*�4%5-�.�%5-3��3A�� 
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�$���� 11 '`���19�%2*3%!��/�5%*9:&3��'�!�;.� 
 

4. �� �#�*���b*�� 
=>;���1"09:�(�/*$%�9�%#,a�#��3��%!)�D�- 0-

0.16 $*�$D/Q%D$D/4c �(>1/�.�(�2*39�5D('�� Quantile 
l01-'�D-%!3*����(%5�'%-B/-9�%�!�A�-=*-����B/-
3��//9�4f� 3 %!3*� =��D�=>;���1(�9�%=*-����B/-
3��%!3*��A/� 4��9��- '�!(�9 ��3�4f�=>;���1 26.48 
$%.9(. (33.10%) 29.31 $%.9(. (36.64%) '�! 24.21 
$%.9(. (30.26%) $�(�.�3*� l01-C��%��� ��1(�9�%    
�!�A�-=*-����B/-3��%!3*�4��9��-'�!%5�'%-
(�9 $A/-(�(�$%9�%/�5%*9:&3��'�!�;.��4f�=��": '�!
�(>1/�.�/*$%�9�%#,a�#��3����1Q3A(�2.�'�9%!3*����(
%5�'%-$�(9%(=*m����13��Q3A�.�9�%"09:�Q�A=��D� 
=>;���1"09:�(�%!3*�9�%�!�A�-=*-����B/-3��/�,DC�

%!3*��A/�(�9)%>/(�/*$%�9�%�!�A�-=*-����B/-3��
/�,DC��D�- 0-2 $*�$D/Q%D$D/4c  

4.1 2%(���(��
 
��%(�9�%4%*�4%5-v��BA/(,���12!�.�(�C�A

C�'��2.��/-C)A(����(�!�/��3(�9��1-B0;� l01-2!�.�
C)A digital map $D�-y (����(<,9$A/-�=�1(B0;�3A�� 
�/92�9��;��%(�9�%"09:�%���!�/��3�9�1��9*�BA/(,���1
2!�.�(�C�AC�'��2.��/- ��>1/-2�9BA/(,���-$*��*-
$A/-/�"*��D�2�99�%$%�2�/9#�%l01-�4f��D���1Q3A2�9
9�%"09:�C�$D�-4%!��" )�9���C�4%!��"(�
9�%"09:��-Q4C�%���!�/��3�9�1��9*�BA/(,��)�D���; 
2!Q3ABA/(,���1�)(�!#(9*�4%!��"Q��'�!�.�C)A`�
9�%"09:���1Q3A(����(<,9$A/-(�9��1-B0;�3A�� 

4.2 (+�����#���
��,��/
 
#.�)%*�#��)$5��1'��2.��/- RMMF (�`�

9�%4%!�(��9�%�!�A�-=*-����B/-3���3�C)A/*$%�
9�%#,a�#��3����1�A/�(�9 �4f��=%�!'��2.��/- 
RMMF (�9�%'�D-9%!���9�%��1�.�C)A�9�39�%�!�A�-
=*-����3��//9�4f� 2 #D�� �>/ 9�%'$99%!2��B/-
/�5���3��'�!9�%=*3=�/�5���3��Q49*��;.�Q)��D� 
�3�`�2�99�%'�D-9%!���9�%�*;- 2 2!�.�C)A`�9�%
4%!�(����1Q3A2�9'��2.��/- RMMF (��D�$1.��-3A�� 
l01-'��2.��/-9�%�!�A�-=*-����B/-3���594%!��� 
<,9=*m��B0;��3�(�253(5D-)(����12!=����(�.��#�/
9%!���9�%��1l*�lA/�B/-+%%(��$�C�%,4'����1
�BA�C2Q3A 9�%#%A�-'��2.��/-(�=>;�v��(�2�99�%
9.�)�34S22*�#.��*a��1�9�1��BA/-9*�9�%�!�A�-=*-����
B/-3��  '�!9�%#,a�#��3��`D ��9�%#*- �9$C�
���#��( 9�%�*3 9�%�3�/- '�!9�%����%�!)&��-
# <� $�  � (>1 / � / (=� � � $ / %& <, 9 =* m � � B0; � �. � C )A
���(#�(�%<C�9�%�.��� 3�B0;� #D-`�C)A�9�39�%
=*m��'��2.��/-�=�1(B0;��4f�2.����(�9 /�D�-Q%9�
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$�( '��2.��/-�=��-'���3��� Q(D#�(�%<'9A4Sa)�
��1)��9)���Q3A�*;-)(3l01-9����4f��)$5`���1�.�C)A(�
9�%=*m��'��2.��/-B0;�(��4f�2.����(�9 3*-�*;�
`,AC�A2.��4f�/�D�-��1-��12!$A/-�.����(�BA�C29*���:��
)%>/'����3��>;/-)�*-B/-'��2.��/-9D/���12!�.�(�
4%!�59$&C�A �=%�!'��2.��/-��-4%!���<,9=*m��
C)AC�A9*�=>;���1��1��=�!�2�!2-'�!Q(D#�(�%<�.�Q4
4%!�59$&C�A9*�=>;���1/>1�Q3A   
 

5. *�		�*�����
*�� 
-����2*���;Q3A%*�9�%#�*�#�5�2�99/-�5���2*� 

()�������*�+%%("�#$%& 4%!2.�4c 2554 
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