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y       ��,4,� ��� �3	���� ��� �� �G4� ������
 � 9�a	     ��� �� �3< ������ -	�� +7�/	 ��� 9  �6	 ����
�
��
 ��� �� � ����; 9��B� ���
 9&yW( 

2          ��� �3��� ]�R �� �3	���� ��� ��  ��
�R ��"��	
��5 ������
 � 9     �3< ������ -	�� +7�/	 ����a	
��� �� 9�
��
 ��� �� � ����; �6	 ���� .6` � ��8@ �^�� ��8	9 ��
� -R� ��Bs	9 ����� U&yW( 

[    ��� �� ��" ���@ � 9      ��� �� �3< ������ -	�� +7�/	 ����a	 9      �
��
 ��� �� � ����; �6	 ���� 9

��)5 S"
��
 9�C��" ��,	 9&yW( 

J     �D
�
 ��� �� �B8	 �1�� +
�q
 � 9     ��� �� �3< ������ -	�� +7�/	 ����a	 9    � ����; �6	 ����
�
��
 ��� �� 964P *HP ��� 9&yW( 

L               ��� �� ��" �G4� �����	 � ��
�R �� �B8	 �1�� +�e�H	 � 9     ������ -	�� +7�/	 ����a	
��� �� 9�
��
 ��� �� � ����; �6	 ���� 9��3��� ��? 9&yW( 

8- Future Perspective on Agricultural Drainage, Ch. 41 Agricultural Drainage, 
Mohamed T. El _Ashry and Alfred M. Duda, 1999 
9- Drainage Simulation Models, Ch. 13 Agricultural Drainage, R.W. Skaggs, 1999 
10- Introduction, Ch.1 Agricultural Drainage, R.W. Skaggs and J. van Schilfgaarde, 
1999 

 
11- Water Quality Effects of Drainage in Humid Regions, Ch. 24 Agricultural Drainage, 
J.W. Gilliam, J.L. Baker, and K.R. Reddy, 1999 
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 �"�4@
9��<��5 ��" �@��
� �����G� �� �"� -�
 
 �  ��
� � +��HR        � ��3� o�P 9���;��� ��P�	 ��"
         41@ ��	; 
�< ��" *�	 �
 ���1� � ����� ���3	         �3�<�� �
�^ Ia3� ���	 �=^
� T�^�
 � �
��
 �� � . ��

                       �D
�
 ��G"� �� ����� d��41@ ������ �� ��P�	 ��" ���@ �
 �`�� �% ��
 �; �� YH% ���/	 -�

  �@��� �<�=	 �@�
� .            r�H� ��,���� �� I5 �,��� �
 ��P�	 ��,��	 ��e@ �@�4	 �� �3N �"  � X;  n�`

   ̂ �
�M�"�b5 Y�G3� ���	                 ��� �" *�	 ����`�� ��� �� ����� �P�% ���)� �"� �� -G� 9���
� �
�
��
 ."�#�� � :G3y) &''& (X��� �� “Modeling Plant and Soil Systems” ��G"� ��,��	 ������ 
    
�        Ui�% ��       ̂  ����� ���	�
� �@
 ��
� .�	!���2) &''2 (    !@       ��� T�� I�
��� X 

 ”Drainage Principles and Applications  “    �� 
�0J    ���3	 Us<        �� ��G"� *�?
 �; �� �� ���@
       ��,��	 -���% ��@ I5  ��G"�   ������ ��� 9��
.  -� ��1��     ��G"� � ����; �66��
[) &''L (

������  ����	;“Drainage for the 0&st Century”           +7�/	 ����a	 � ��� �
!��� �!��	 ���� �� 
� 
         ��@
 �6P �� �� �;    ��
 ��<�� ��.          ��8�	 +7��
 ��
�� ���3,	 -�a@
J) &''W ( T����V�� 

“Drainage in the 0&st Century,  Food production and the Environment”       ��� �
!���  
�  ��
��  7�/	 ����a	  ; +  ������  �   ��,��	   �6�$	   ��G"�   k8� ���	   ��
 ��<�� �
�^.    �66��
 -� ��1�� 

 ��
�� ���3,	L) &''' (  X��� “CIGR Handbook of Agricultural Engineering”   
�     �6P _35 �� ����@
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• • • •- Hanks and Ritchie 
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• • • •-ICID 
• • • •-ASAE 
�
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    �6P �� �
��1$@   ��    ��
� ��s�`
 �D
�
 ��G"�  .  T�a@
��     ���� �6� �
� � !MG�
  &) &''' (  ��
���� P X���  o	�“Agricultural Drainage"   ,��	  �� ��G"� ��      Us< ��� �� 
�       �
�^ Y�G3� ���	  


��@
 ��. 

�
�
  

       T�,�	 
���
 9S��
��V� ��G"� ��" ���@ �<��=	 ��� ��G@; �
 I�5� ���@ �� *�	 �S3� �	 ���	 
� . 
 �#�� � :M3" ���=% >4R)&''& (�
 ��
 +��4� *�	: 

“A model has been defined as a small imitation of the real thing or as a system of 

postulates, data and inferences presented as a mathematical description of an entiry or 

state of affairs. Models can also be used as a technique to organize what is known about 

a subject into a system showing the effect of the interrelation of many factors on some 

desired result.” 

!MG�
 ���=% >4R0)&''' (�
 ��
 +��4� *�	 : 

“Model is defined as a set of guidlines, equation or computer programs that can be used 

to quantify the performance of a systems in terms of an objective function or functions”. 

��� �4� *�	 �y�
 ��
 +��4� : 

“ Model that consider the continuous effects and interactions of the processes that 

govern soil water conditions are called simulation models.” 

            T��,�	 �� ��� ���
 T�7 �a3��
 ���   ����� *��	�2   � �  ���� �4��� [  rG�% �M��G� �
 
�3� 
��� S
     �3=	 �� ����1��	»-�`��«    *�	 r� �        ��3=	 �� ���� �4� »������
«    *�	 �
 ��
 .    ��" *�	 �
 �`��

 ��G"�  _�
����@�� �	 �
�^ k8� ���	 ��� . 

&- DRAINMOD            ��e3�� ��� ���
 ����,��	 �
 ��G�� ���� �4��      �=�� {B� �� X; �����	 
       ��
 ��� ���<�� ���G�)  9!MG�
&'W0J(. 
        ����1�
 {B� �6�$	 ��" �=^�	 �@
�% �	 *�	 -�   �
�� 
� 

�3� ���� �4� �@
 ��<�� �
�^ IG"��� -� �� n�` �
 ����@ oB/	 ��; �H� �4��8	. 

���@ ��� +��s� �
�% �	 
� ��; �H�: 

)&-&(          �  FDETDV sa ����

                                                 
�
 – Skaggs and Van Schilfgaarde  

�
 -  Skaggs  

�
 - Simulation Model 

�
 - Modelling 
• • - Simulation 
  

 �



  �; �� ��: �Va              X; �
 ���` K�< � U6` �
!	 +
�m% 9  )���R�(  9D   >��       ����; >��R �
 �� ��;  
�              �e@ ���	 oB/	 �
 K��` ��G"� X; >�� �� � ���� �	 -	v% �3	���  9T E �"     >��R �
 ���R� �<� �

  u�=% � �$4%� s D ��"        � 9�/�� +���
�% >��R �
 ���R� �<� F  
!	     X; �)���R� ( � �w��@  ��� ��
���� �	 ����7
 u�< oB/	. 

               6$% +�� 9���4@ Q�4�
 ��� � �����5 X; �6���� n��` �����"�&      �
 ������
 �� �3	���� ��,�G"� 
 +�,`�" ����=	0��� �	 �4��8	  : 

)0�&(             
2

2.4..8

L

mKmdK
q

eee �
� 

  �; �� ��:q    �6$% +�� 9  Ke      n�` �4@�P � �q�	 ��)M�; j��D  9m       �� �� ����1�
 {B� Q��%�
 
  E���    �G"� �
�/��
 {B� �7��   9�,L   <   � 9�3	���� ��,�G"� �6?� de �  *��=	 >�y    U��^ �l ��7 

��
 �,�G"� �
�/��
 U8	 ��� w��@. 

         7 �=^
� >�� ��a� *��=	 >�� ����=	 -�
 ��           �@
�M�" � ��� �<
 ����@ ��8� U��� w��@ U��^ �l ��
 ��
 ��� ��<�� ��G� �,�G"� �G��!@ �� ����P) 9!MG�
&''&.( 

        �� 9��� T�a@
 �3	���� +��s� ����; �#@�3N ����P +2        ����=	 �
 ������
 �� �1@�
[   ���� 
 �	; �"
�`) !MG�
&'W&.( 

)y-&(             
2

oooe

L

)m]/D(h.m[2hK 4
q

�
� 

  �; �� ��: m                     �,�G"� ���� X; {B� Q��%�
 ��,3	 IG"� �� E�� �� �� ����1�
 {B� Q��%�
 ho 

 9�,�G"� ���� ����1�
 {B� Q��%�
 *��=	 � Do �
 {B� �=^
� Q��%�
IG"� ���� ����1 �" ��
. 

 E�
�� �1��/	)0-& ( �)y-& (�
 ��<� ��G� �G�!< ��"�m�	 -� ��� ���1% ��
�^�� ���	�: 

0de+m= 0ho + (ho/Do)m 

                     �6$% +��� 9����� ���<�� �
��^ n��` {B�� �� �����1�
 {B�� �����")��G"� (�� ����=	 �
�T�,& 
���� �	 �4��8	: 

)2�&(              

 �;�� ��: t  X; >�� 9n�` {B� ��� �^
�m��
  b�9IG"� js@ >� �o    Q�=�9IG"� �q�	  G�r  
GL

)�b(tK 2
q 0e ��
�

�

                                                 
�
 - Drainage Flux 

�
 - Hooghoudt 

�
 - Equivalent Depth 

�
 - Flux 
• • - Ernst 

 �



�             9IG"� Q�=� 9�,�G"� js@ >�� �
 �=��% �� �"�3�	�@ ��   9n�` ���@ >��      �
 n�` ��7 �	�$D 
���� �	 �,�G"� �6?�< � w��@ U��^ �l ��7 �% �,�G"� js@ U8	. 

 *�����	 -�����
 "    ���;������ ��e3����	 ������ �8B����� X; �H����� �4������8	 ������ �������^ -3����#� 

���)5w��@0X; �
�� 9y�8B� Y��4@
 � 2���� �	 !@ : 

)[-& (                P=F + �S +RO 

   �; �� ���:F    9���)5 w���@  �S            � 9n�` {B� �� ��
�,M@ �� ��`w �
!	 +
�m%RO     �8B� X; �
��  
��
. =	 �
 ��` !@ ���)5 w��@ � -��� ����
	�V[�� �	 �4��8	 �: 

f  = A/F +B 

�; �� ��:f9���)5 w��@  F  � 9�=�a% w��@A �   B�3��4	 ����=	 ���a% j�
�D. 

     �����=	 ��)J-& (                ���)5 w��@ �
�/	 �� ��!<
 ���@��� �
�/	 ��" ��� ���� ��	 ���<9  � 
���
   ��� �
�           ��
�,M@ �� ��`w jP�	 � ��<�� �����P �8B�� ���,�
��          �z�
�� �� ���� �
 :5 � ���� �	 �8B� 

9�8B� ��
�,M@ �
!	 ��� �	 ��l; X; �
�� .    U1@��5 u�=% � �$4% (PET)       ���% Y�� �
 *�	 -�
 �� 
��
�J��; �	 ����  . ���@ �� �D�� U��^ � Y��4@
 ���R� �
�/	 �� ��� �4��8	 U1@��5 u�=% � �$4%

         " � ��� �	 �
�^ �1��/	 ����	 n��`     �
�/	 9���4@ ���8	 n�` ���@ �� �D�� U��^ ���R� �
!	 ����
      u��=% � �$4�%(ET)         U1@��5 u�=% � �$4�% ���a� (PET)   ��� �	 ��G�  .      � �$4% �
�/	 +��s3�
 �l ��

   u��=%(ET)                ��� �	 ��<�� �e@ �� ���1	 n�` ���@ �� �D�� U��^ X; �
�/	 �� ���
�� .    ��!<
 *�	 -�

    ��" �
!�P
 ���                 *�s8	 ����� �� 
� ����1�
 {B� �����	 +����	 ��" �b%
����
 ��@
�% ��	 ��G�}���

 �3� ����� .S����M�
L              
�  ��G6�� I"�� �@
�% �	 �� ��
 �
 �@�� �� *�	   !@     ��; I3% ��P� +��? �� 
���;�� ����@. 

DRAINMOD      �; �1��/	 � ����1�
 {B� �����	 �6�$	 ��" �b%
���
 ����� ��e3�	 ���  T�^�
 ��
              ��
 ��� ���<�� ���G� �G���	
 �/B3�	 -��3�N �� ��=^
� .  �
��G�" � !MG�
&) &'W& (    _���@ -� �
 �1��/	

              �B�
�� �� ���� ��" ����G� �R 
� �@
�	 ��,@�	�; �
 ��	; ���� T�^�
 � *�	 �6��� ���� ���;���
 ���  :           "� S�1� �
�
� �,3% �/B3�	  9���� �8B�� ���G"� �
�
� �,3�% �/B3�	 � ��� *�
��	 �3	���� ��G

           �@�
� T�a@
 
� �3	���� � �8B� IG"� �� ���!	 !,a% �
 �4��% .      ���6B	 �M3"��" �� �
� ���@ _���@
                                                                                                                                               

�
 �- Kirkham 

�
 � - Infiltration 

�
 � - Run-Off 

�
 � - Surface Storage 

�
 � - Green and  Ampt 

�
 � - Thornwaite Method 

�
 � - Algorithm 
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��  9X; �
�� Sa� ���	 �� �" I��	�; � *�	 �
 ��	; ���� T��^�
 -�� .
           ��G"� X; Sa� ���;�� �
�� !@ �a��@ -��")��        �8B� ��G"� S�1� ��P� T�� �� ��P� E�
��  (

     ���
 ���� Y�
!�� .   !MG��
)&'W0  (   �3	���� ����; ��,���� �
�� 
� *�	 -�
)��G"� ���� :G� ( �
                  ����1�
 {B� �=^
� �
��
 � *�	 �
 U?�� T�^�
 -� � �<�� ��G� ��� *��3� ��G"� S�1� )  X��3% ��

 ��@
��� (    ��� ��"��	 ���6B	 �M��14�".   �
��G�" � �@�N0) &'Wy ( �/B3	 ��
�� �D
�
 �
�� 
� *�	 -�

                ��"��	 � �4��8	 T�^�
 -� ����1�
 {B� +�@���@ ���	 �� ��$� ���D� �a�@� ��<����G� �@������

��� ������ �3� I5 ������ !@ �/�� +���
�% ����/	 �G@; -�D 9�@���@ Y�
!� ���.  � h�������<
 �
���G�"y) &'WL (    ���    �
 ������
DRAINMOD      �4� �� T
�^
        �1	 �/B3	   �3	���� ��G"� ����
   ��5 ���  �@���� .�/	  F1� *�	 �
  ��� �4��8	 � �=^
� T�^�
   �� �
� ���@�"�m�	 �
��� X; >�� �e@ �

   �3�	����)        �����1�
 {B�� Q���%�
 ��@ �(  ��,��� �R ���4��3	 �M�14�" X; �� ��� � �,�; �
�� Sa� 9
�R�	 r�` ��,��� �� �41@ X�@�
�.   �� r�` ��,���9          u�=% � �$4% �
!	 ����@ ���;�� ���� U��� 

         ��G"� X; Sa� � �8B�� X; �
�� �����/	       ���;��  9���� �� �#@; �
 I�   ���� �	 .   ��� �� � ��1��
2 

) &'WW (    !�@              D 9����� ��%��
� �� �3	���� ����; S�1� ���� �4� �
�� 
� *�	 -��
   �� j��% -�
       -13P ���� U���=% Y��- !" [        U1@��5 u�=% � �$4% �4��8	 �
�� (PET)      �@���@ Y�
!� � ���� ��G�

               *�	 �� U��=% *���
 �
 U?�� ��� �4��8	 ����1�
 {B� >��� ���)�4��8	 PET     -13P Y�� �� –  !" 
��
� �@��% Y�� �� �; �4��8	 ��a� ( ���` �M�14�" ��� ��"��	 T�^�
 ���"�	 ���@ 
�. 
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     �; �� ���:f     U$6�$%  �	 9��qh       ��G����" ����  )	         oP�	 {B� r� �% ����1�
 {B� �6�?�< *���=(9 t  
 ��	�� 9K    ��)�M�; j���D 9x       � 9��/<
 ���8	 ��� �6�?�<   e    �q
 �� ����� �<���" �� w��@ �
!�	

 
�
 � - Skaggs et al. 

�
 �- Chang et al. 

�
 �- Fouss et al. 

�
 �- Olson and De Boer  

�
 �- Jensen – Haise 

�
 �- Boussinesg. 

�
 �- Dupuit – Forchhamer 
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    u��=% � �$4�% (ET)         ���
 ��/�� +����
�% ��� �  .          ����; ���1��	 �
�� S" �
�% �	 
� �B�
� -��

 ��� ��G� �3	���� ��G"� �
�� S" � �3	����)
 9�
��G�" � ���&'W[&.( 

���@ ��� +��s� �
�% �	 
� ����=	 ���	 E�
��: 

h = h& ,       x= (  ,  t > ( 

�h/�x =( ,  x = L/0 ,  t	( 

h = d + (
L

xm04
) [&-(

L

x
)]  ,  ( 
 x 
 L ,  t = (         )0-0(  

  �; �� ��: h�    �
 �6?�<    �� ��
     X; {B� �; ��) �3	���� ����; ��(w��@ U��^ �l ��7 �
 �%7��  � ���� 
 ���       �,�G"� �� �G����" ���� ) �3	���� ����; (    ��
 �6?�< ��) �,�G"� -� (      �%7�� X; {B� �; �� ��

�7 �
 ���@ U��^ �l �� ���� w�)�3	���� ��G"�( 9L <��,�G"� �6?� 9 mo< �����1�
 {B� ����� �6?� 
IG"� E�� �� �� �" �N�,@ �� �6?�< �� �,�G"� �7��
 �" �� . 

       ��" �N��,@ �
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Surface Irrigation
Surface Drainage
Subsurface Drainage
Land Leveling

Precision Farming

Green Fertilizer
Tillage and Crop Residue
Partial Area, Insoil, Timing

Inter Cropping
Erosion and Sediment

Soil Biomass

Subirrigation  
Control Drainage  

Natural Ponds  
Artificial Ponds  
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Wetlands  
Buffer Strips  

Vegetated Channels   
Soil and Grass Filters   
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