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�³{Y{�Ê§Z�·Y�|Ìn» ��,Ã{Y�|¼v»�¾Ì�u �, É��Z¿�Z��|Ì¼u�   
  
  

Ã|Ì°q  
�Z�·|»É�m�Ë[M�½ZZÅÉ��Ë»��ÌÀÊ]�\¸£Y��Äa��Â�À»Ì�]ÌÀÊ���Zf§��Ì[M�ºf�ZÅÉ��Ë»��ÌÀÊÃ{Z¨f�Y�{�Â»���Y�«�

»Ê³Ì|¿� .Y��{Ë¬ve�¾Ì��ªÌ�m�ºf�Ë[M�½ZZÅÉ��Ë»��ÌÀÊ�{Á|u�duZ�»�Z]�{�ÂÀn]�d�{�½YÂz]M���¯�Ì�f»Â¸-

�|¯���Âe��]�»MODFLOW2000��Y�§Y�¹�¿��{�GMS8.0^��ÌÄ�Z�É{�³�Ë| .Za�d·Zu��{�µ|»�Y|f]YË��Y|
Y�]É Ë]M�µZ�°Ê�Àe�Ä¯�ZÅÉY���Á��f¼¯�½YÂz]M��]�Ã{�YÁ�ËZa�Zf^�¿��Ë]��Y|nÀ�YÁ�d�Y�Ã{Â]�º¯Zu�½YÂz]M��Ê�
{�³ËZaZ¿�d·Zu��{��b��Á�|ËY�]��Y|É]M�µZ��Ê �� -����nÀ�YÁ�Á�Y�mY�Ê{�³�Ë| .Y���½|»M�d�|]��Y��aË�\
ÅÌ{Á�|Ë»ZÀÌZe�Á�®ÌËY�|ËnÀ��dv��Ä¸u�»��{�ZÅ�f»Y�Za�¾Ê�ZÀ��,ËZÅÂÉ|»�Ë�ËfÊ�¾f§�³���¿��{�Z]�µ|»��{�
¤eÌÌ¸«Y�cY�Ì¼Ê{�³��Zv·�¦¸fz»�Ë| .Zf¿Ël»�½Z�¿�ÊY����{�Ä¯�|Å{Ë·Z��e��Ê��[M�t���Ë»��ÌÀÊ��z]��{�

·Z¼�Ê��Y��f¼¯�Ä]�{�ÂÀn]��Æ���»��f»�Ê»�Ä¯�|��Ê|m�cÔ°�»��Á�]�h�Z]�|¿YÂeÉY�]�ÉY�½ZÀ¯Z��Ë�Ä¬�À»�¾
{Â�.  

  
Ã�YÁ�|Ì¸¯��ZÅ  
^�ÌÄ�Z�É -  {�ÂÀn]�d�{�½YÂz]M - nÀ�YÁÊ  - ��µ|»Ë�ZÊ    

  
  
�-�Ä»|¬»�  

�Z�·|»É�m�Ë[M� ½ZZÅÉ��Ë»��ÌÀÊ]� \¸£Y�� Äa� �Â�À»Ì�]ÌÀÊ�� �Zf§��Ì[M� ºf�ZÅÉ��Ë»��ÌÀÊ��Y�]Y� ½YÂÀ�� Ä]� Á�
|À¼e�|«ÉÅ�cZ ·Z�»��{�Ì�Â·ÂW�Á�|É�z]��{�ZÅÉ»��Y�«�Ã{Z¨f�Y�{�Â»�½ZÆm�¦¸fz»�Ê³Ì|¿�  . YÁY��YË]�½�«�¶Ì��Y�Ã{Z¨f�Y�ºf�
ZÅ�µ|»ÉZÆ]M�É��Ë»��ÌÀÊÀ°e� Á�ÌZÅ�®É^��Ì�Z��ÄÉ�½YÂÀ��Ä]�Ë°Ê�� �Y�ZÆÅYÉ|»�µZ¼�Y� Á�µ�fÀ¯� ,c�Z�¿�Ë�Ë�[M��]ZÀ»�d

�Ë»��ÌÀÊ��Á��Z£M�ÊZÆ·Z��ÉyY�Ìa��ÌZÆf§��É´¼�q�Ì�ÉZÅ�µ|»��Â�z]�ZÅ�µ|»�Ä �Âe��{�É{|��Éd�Y�Ã|��¶�Zu�. »Ì��¸
)Miller 2000({|��µ|»� �Y� ,É MODFLOW]�� Ä^�� �Â�À»ÌÄ�Z�É ËÄ�Z»�½YÂz]M�®YÉ-·ÁY�³Ê�|À¸e�Â¯� Ä¬�À»� �{�
)Cortland (¿ÌÂË{�¯�Ã{Z¨f�Y�­�Â .�±Á��Å)Herzog, 2007(�,�|¯��Y�Ã{Z¨f�Y�Z]MODFLOW��Y�§Y�¹�¿��{�GMS�Ä]�

���]Ê���iY�Ì¸ze�ºf�Ì�Æ��[Ô�Z§�ÄÉÁ���]�É[M�ZÅÉ��Ë»��ÌÀÊ�Æ��Ä¬�À»��{�ª¼��º¯�É�ÓZb»Z¯�)KAMPALA (��{
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dyY{�a�Y|¿Z³Y .�YÌ��¿Y�Z°¼Å�Á�®^)Scibek et all., 2007(���]�Ä]�,ÊM�µ{Z^e�ZÆ]É��Ë»��ÌÀÊv���Á�Ê�ZÀ��µZ¼�Y�Z]�ËZÅÂÉ�
¤eÌÌ¸«Y�cY�Ì¼Ê��Y�Ã{Z¨f�Y�Z]�MODFLOW|ÀfyY{�a� .  

Y��{Ë¬ve�¾Ì�m�ªË[M�½ZZÅÉ��Ë»��ÌÀÊ�|¯���Âe�{�ÂÀn]�d�{�MODFLOW2000��Y�§Y�¹�¿��{�GMS8.0^��Ì�Ä
�Z�É{�³�Ëd�Y� Ã| .GMS Ëv»�®Ì�Z�·|»��É^��dÆm�ÌÄ�Z�É��Ì��[M� ºf�Ë»��ÌÀÊ�¶»Z�� Ä¯�Ë§Y�³��]Y��®Ì°Ê�Á�
{Y| eÉ¸ve�|¯�Ì¸Ê�Ä¸¼m��Y�¦¸fz»�MODFLOWd�Y� .  

 

�- ÁË³�ÊZÅÉ»Â¼��ÊÄ¬�À»�  
�]M� Ä�ÂuË� �d�{{�ÂÀn]� f �Á� Z]Ê� {Á|u�����¯�Ì�f»Â¸]� �{� �]�»Ì���� ¾ZÅÉ§Y�¤m�ÌZÊË '��°��� Á�'��°���

·Z¼�ÊµÂ��Á�ZÅÉ§Y�¤m�ÌZÊË '��°���Á�'��°��«���Ê ·Z¼��½Z�Y�y�½Zf�Y��¯�»��{Ê�Y�Äf§�³��Y�«�d )¶°��.( �{�Â»�Ä¬�À»
�Y~´]Â���Ä�Âu��{�Ä ·Z�»É�z]�Á�¡Y{�Äb¯�ZÅÉ]ÂÀm�Ê]�|À]�¼¯��{�½M�Ì{�Y{��Y�«�{Â·ZÀ. . |«Ë¼Ê �eË²À��¾ZÅÊË��{�Ä¯�
Ã|��Äf�Æ¿�¡Y{�Äb¯�Ä�Âu|¿Y,��Ä]��Â]�»�ÌÄ�Z»�Á�¶²À�ZÅÉ�Y�Á��¾��Z]�{Á��¦�¯�|¿�Z��Ì»�®Ì¿ZÊd�Y� )��ÁZ�»�¾�|ÀÆ»

ZÆ»�,�f�³�½Y�¼��[Y�����(.�{Á|u�duZ�»�Z]�{�ÂÀn]�d�{�½YÂz]M���¯�ÌÓ�®e�,{Y�M�c�Â�]��]�»��f»Â¸Ëf§�]M�Á�ÄÊ�Ä¯�d�Y�
�Zu�cZ�Z¨e�Y���ÂeÌ�|ÀÅ�¶°��Á�Ã|��Ä�ZuY�d�{�ÄÊ�c�Â�]�½M�½�z»�Ë{ÁZ¿�®Ë�{Á|u�{�ÂÀn]��Æ��Á�d�Y�®qÂ¯��

��d�Y�Äf§�³��]��{�Y��d�{�|��{� .]Â���Y��Ä¬�À»�¦¯�²À����cZÊ¿�Z»�Ê°�e�Ì»�¶Ê|ÀÅ{ )�|ÀÆ»Ì�,©���ÁZ°]M��ÁZ�»�¾
���� .(Y�Y{�{�ÂÀn]�d�{É¼WY{�Ä¿Zy{Á��Á{�Ê¹Z¿�Ä]�ZÅÉ§�Ìa��Y��a�Á�{�YÁ�d�{�[ÂÀm��Y�Ä¯�d�Y�Ä¿Zy�Z]�Á�Ã�Á�Ì�Ä]�¾f�Â

Ë|°Ë~¤e�Á��´Ë«���[ÂÀm��z]��Y�½YÂz]M�ÄÊ»�k�Zy�d�{�Ê|¿Â� .ZÅ��»É¸�Y�Ê{Á�Á�ÉmÁ�y�Á�Ê[M�ZÅÉ��Ë»��ÌÀÊ�½YÂz]M�
{Á�Á��]�ª^�À»�{�ÂÀn]�d�{ÉmÁ�y�Á�Êd�Y�Ä¿Zy{Á��.  

ƶƳŚųŵƹŹ

  
�¶°�� -»��Ì�ZÀ��¾Ê «Â»�Á�Ì�]M�Ä�Âu�dË{�ÂÀn]��  
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�-�Z�·|»�É�{�ÂÀn]�d�{�  
� -� - »ÂÆ¨»�µ|»ÊuY���Á�Êµ|»�  

»ÂÆ¨»�µ|»Ê�Âe�Ì¸�¨»�¦Ê��Y�d�Y�Ë��®Ì�m�ºf�Ë��[M�½ZË»��ÌÀÊ�Z�·|»�Ä¯�É»�Ê{�c�Z^��Ä]�{Â�Ë��Y�¥|Å��´
»ÂÆ¨»�µ|»�dyZ�ÊÃ{Z���Z´¿YÉY�v��¶WZ�»�ÊË»�Ê|�Z] )Anderson & Woessner, 1992 .(�ÁM��¼m��Y��aÉ�

Ã{Y{ZÅÉ¿� {�Â»�Ì»ÂÆ¨»� µ|»� ,�ZÊÆe� {�ÂÀn]� d�{� ½YÂz]M�Ì{�³� ÄË| .|]Ë�Y�§Y� ¹�¿� Äf�]� �Y� �Â�À»� ¾É BCF) Block 

Centered Flow({�³�Ã{Z¨f�Y�,Ëd�Y�Ã| .YË�Y�§Y�¹�¿�Äf�]�¾É���Ë�\Z¿Z��ÊË) Conductance(]�Y��,Ì�Ä°^��µÂ¸���Å�¾
�m�{Á|v»�¶�Z¨e�Ä·{Z »�Á�Ã{�¯�Ä^�Zv»Ë·Â¸���Y�Y��½ZÊ{�µÂ¸��Ä]�Ë�Àe��´Ì»�ºÊZ¼¿Ë| .ÓËÄZÅÉeZ�Ô�Y�Ê¿�{�Â»�ÌY��ZË�Äf�]�¾

§Y�³ÂaÂe�¶»Z�ÊY|Å�Á�½YÂz]M�¦¯�Á�t���ËÅ�dÌ·Á�|Ì°Ê»�Ê|�Z] .Z�ËÓ��ËÄ~¤e�¶»Z��ZÅË¸ze�Á�ÄÌÄ�¬¿�ÄYÉ) Sources & 

Sinks (~¤e�ÁËÄf�]�Z]�Ã|���za�ÄZÅÉ�Y�§Y�¹�¿�É� e�Ä�Â]�»�ËÄ¿Zy{Á��Á�|¿|��¦�Y�§Y�¹�¿�Äf�]���Âe�ZÅÉ River^��ÌÄ -
�Z�É{�³�Ë|¿| .ZÅ��»ÉÅ��Z]�Z]���»�c�Â�]�½YÂz]M�Ì·Á�|Ì°Ê»Â¼��Ê) General Head Boundary (�Ã|��Äf§�³���¿��{

Ã{Y{�Ä¯ZÅÉ¿�{�Â»�ÌY��{��ZË�»�¾Å��Z]�,ZÅ�Ì·Á�|Ì°Ê���Á�ËZ¿Z���\ÊË»���»�Ê|À�Z] .Å��Z]Ì·Á�|Ì°Ê{Z¬»��Y�ËÃ�Y|¿Y��³Ì�É�Ã|��
a� �{Ì��� Á� ZÅ�f»Á�ËZ¿Z���\ÊË�m��Y|¬»��Z�Y� �]� ��»�Ë{Á�Á�½ZÉmÁ�y� Á�Ê]� �{� Ä¯�Ìf�{�½ÔÊ{�³�Ä^�Zv»�Ë�Ä]�d�Y� Ã|
µÂ¸�ZÅÉ��»�É»�Ã{Y{��Z�fyY�Ê{Â� .»ÂÆ¨»�µ|»��b�ÊY�M�Ä]�ËÄZÅÉ|��{É|^e�Ë{�³�¶Ë| .|]Ë �Á�Ä]�ÄmÂe�Z]��Â�À»�¾Ì�d

ÅÌ�Â·ÂW�Á�|Éµ|»�Ä ·Z�»�{�Â»�Ã{Á|v»� )�{Á|u��¯�Ì�]�»��f»Â¸ (Ä°^�YÉ�{Z ]Y�Ä]������{��f»�����¶»Z��,�f»�����Á�����
���uY���½Âf��Ê]� ,ZÅ�Ä¿Zy{Á��¶v»��{�Á��Ä«{�cZ^�Zv»��Â�À»ÌµÂ¸��,�e�ªZÅÉÄ°^��Ã|��Äf§�³���¿��{��f°qÂ¯��Á�|¿Y

»ÂÆ¨»�µ|»ÊµÂ¸��Ä]�ZÅÉd�Y�Ã|��Ã{Y{�d^�¿�Ä°^�� .¶°�)�(»ÂÆ¨»�µ|»�,Ê»�½Z�¿�Y��{�ÂÀn]�d�{�½YÂz]M�Ê|Å{.  
  

H
hhh

H
hhh

MODFLOW BC Symbols

Well

River

General Head  
  �¶°�� -»ÂÆ¨»�µ|»�Ê{�ÂÀn]�d�{�½YÂz]M�  
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� -�-Y�mY�Éµ|»�  
»ÂÆ¨»�µ|»�dyZ���Y��aÊµÂ¸��Ä]�½M�½{Y{�d^�¿�Á�ZÅÉÄ°^���µ|»�Y|f]Y�,Y�]É]M�µZ��Ê �� -����Y���Z]�Ë�Zf^�¿��

ZaËZa�d·Zu��{�,½YÂz]M��]�º¯Zu��Y|ËnÀ�YÁ�Á�Y�mY��Y|Ê{�³�Ë| .nÀ�YÁ��Y�¥|ÅÊ�Z�y�½|¿Z���¶«Y|u�Ä]�Ë »�ZÌnÀ�YÁ��ZÊ»�Ê -
|�Z] .¶°�)�(,Ä^�Zv»�[M�t���©Z^�¿Y�YÉÃ|ÅZ�»�Á�YÉ�yM��Y�| ]�Y��ËY�mY�¾ÉZa�d·Zu��{�µ|»�Ë»�½Z�¿��Y|Ê|Å{.  
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Computed vs. Observed Values
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kohnekan polisrah nazerabad shahrbazi

jadeborj kafe koyepolis manaabe

aliabad bimarstan jadelangar fesharshekan  
�¶°�� -ÊeY|ÅZ�»�[M�t���©Z^�¿Y��Y|ËZa��ËY����{�ÊeZ^�Zv»�Á�  

  
nÀ�YÁ��Y�| ]ÊY�]�µ|»�,�Z³|¿Z»�d·Zu��{�ÉZaZ¿�d·Zu�Ë�ÃZ»�Æ»��Y��Y|�����Æ���yYÁY�Ze�Ë��Â����]��Ä�c|»Ë�Z]�Á�µZ�°

� eË�¦��Á��Àe�Ã�Á{���¿Z»��¹Z³�Ê{�³�Y�mY�Ë| .Y��{ËÃ{Y{�Ä¸u�»�¾ZÅÉY���Ä]��Â]�»�ËZaZ¿��Ë�Á�ZÅ��»��{�[M�t���|À¿Z»��Y|
Zy{Á�¿ÄÃ�Æ]�w�¿�,ZÅ�Y{�]ÉÃZq��Y�~¤e�,ZÅË³|¿�Z]��Y�ÄÊf�³�]�[M�Á�ÊÃZq��Y�|¿|��{�YÁ�µ|»�Ä]��Àe�Ã�Á�{�Z]�\�ZÀf»�ZÅ .��Y

eZ^�Zv»�[M�t��ÊY���ËZa��Ë·ÁY�[M�t���½YÂÀ��Ä]��Y|Ì{�³�Ã{Z¨f�Y�ÄË| .�¶]Z«�ÄÀ»Y{��{�ZÅZ�y��ÅZ¯�Ze�Á�Y�mY�µ|»��b�
nÀ�YÁ�µÂ^«Ê�Ä»Y{Y�Ëd§Z .¶°�)�-·Y¦Á[(]�,�Äe�eÌÀvÀ»�\Ê^��[M�t���Ì�Z��ÄÉY����{�Y��Ã|��ËZaZ¿��Ëa��{��Y|ÌZÅ�f»Á�É�

¸aÌ�Z]�Æ��Á�ÃY���É»�½Z�¿�Ê|Å{.  

1054

1055

1056

1057

0 30 60 90 120 150 180 210 240 270 300 330 360 390

polis rahSimulated Within Tol < 2*Tol > 2*Tol

  
¶°��¦·Y -ÀvÀ»�Ê^��[M�t���Ì�Z��ÄÉa��{�Ã|��Ì¸a��f»Á�ÌÃY���  
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1053

1054

1055

1056

1057

1058

0 30 60 90 120 150 180 210 240 270 300 330 360 390

ShrebaziSimulated Within Tol < 2*Tol > 2*Tol

  
¶°��[ -ÀvÀ»�Ê^��[M�t���Ì�Z��ÄÉa��{�Ã|��Ì�Z]�Æ���f»Á�É  

  
Y|ÅZ�»��Y�e�\�ZÀ»�Zf^�¿�©Z^�¿YeÊeZ^�Zv»�Á�Êa��{�Ì¿YÂz¼Å�Á�ZÅ�f»Á�Ê��[M��Y�e��Â�y�|¿Á��\�ZÀ»�Ë»��ÌÀÊ��{�

^��Ä¯�d�Y�½M��´¿Z�¿�µ|»�Ã{Á|v»Ì�Z��ÄÉ»�µÂ^«�¶]Z«�Ê|�Z] .¶°�)�(��[M�t����Y�e�,Ë»��ÌÀÊ^��ÌÄ�Z�É�Á�Ã|��
Ã|ÅZ�»YÉ¹Z³��{�Y��ZÅÉ¿Z»��Ê»�½Z�¿�ºf¨Å�Ê|Å{.  

  

  
¶°�� (��[M�t����Y�eË»��ÌÀÊ^��Ì�Z��ÄÉÃ|ÅZ�»�Á�Ã|��YÉ¿Z»��¹Z³�Êºf¨Å�  
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� -�-nÀ��dv��Ê  

nÀ�YÁ��Y�| ]ÊZaZ¿�d·Zu��{�Ë¿�µ|»�,�Y|ÌZe�|À»�ZÌË�|ËnÀ��dv��ZÊ»�Ê|�Z] .·|»Ê^�ZÀ»�d«{�Z]�Ä¯�ÊnÀ�YÁ�Ê�Ã|��
�Àe�dve�Är¿ZÀq�,|�Z]ZÅÉnÀ�YÁ�Ã�Á{��Y�cÁZ¨f»�Ê³��Y�«�ÌZ]�,{�ËZf¿�|Ë·Â^«�¶]Z«�lÊ|Å{�ÄWY�Y�Y�� .|]Ë�¾��Â�À»Ë�Ã�Á{�®Ë�®

�ÃZ»�Æ»��Y�Ä·Z������Æ���yYÁY�Ze�Ë��Â����Y�]�ÉnÀ��dv��Ê{�³�[Zzf¿Y�µ|»�Ëd�Y�Ã| .¶°�)�(�[M�t���©Z^�¿Y�,
Ä^�Zv»YÉÃ|ÅZ�»�Á�YÉ¿Z»��¹Z³��{�Y��ÊnÀ��dv��Ä¸u�»��{�ºf¨Å�Ê»�½Z�¿�Ê|Å{.  

  

1030

1040

1050

1060

1070

1030 1040 1050 1060 1070

Computed vs. Observed Values
Trans. Head

C
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m
p

u
te

d

Observed

kohnekan polisrah nazerabad shahrbazi

jadeborj kafe koyepolis manaabe
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Simulation of bojnourd aquifer groundwater flow with 
emphasis on climate change using mathematical model  
 
 

Majid Altafi Dadgar 1  , Hossein Mohammadzade 2 , Hamidreza Nassery3 
 
 

Abstract 
Most groundwater flow modeling to predict the behavior of groundwater systems are 
used. In this research the hydraulic behavior of Bojnourd aquifer, with an area of 65 
kilometer squares, was simulated using MODFLOW2000 code in GMS interfaces. First, 
the model for steady state is calibrated for one year period, which has fairly steady 
conditions with low stresses on aquifer and then model run and calibrated for unsteady 
state. After determining the hydrodynamic coefficients of aquifer and confirmed the 
validity of these parameters in the verification step, management scenarios were 
considered in the model by considering the various climate chengs. Results show that 
groundwater levels in the wet conditions in the northern part of the Bojnourd city reaches 
to less than 4 meters. Which can cause serious problems for the residents of this area. 
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