
�� ����� 	
���� ������ ����� � ������ �����                                           �.����� � ! "�#$  

����� 

 ������� 	�
�� ����� � ���� ������� ���� ������

 �!"# $%&%� ��'��
( )*�+ ,�- ./���- �0/%12� ����1� 

��3�45 6�
%�1� 78' 6�9�:�; ,3 <=%� 
 

�.���	
� �� �� ���� ���� * 
 

����
�: 
       ��� ����	
 ����� ���	
 ������� ����� ��� �� ��
��	
 ��� ��   ����� !�	
 ��"�

            ��#�!	
 �� ��	�# ����$	
� ��� #	
 %�&'	
 (�
)�	 *�+,	
 -�-��	
 ����!�� .�/ �� ���
�01	

             2�����	
 (�+�,# 3
�+�	
 4-��� 	 �5�#	
 ��
���6
� �����	
 -�-��	
 %��,� �1/ %� ����!�	


            �����	
 ��)��	
 (3�7� %� 4$,� 	 8��-�-�� 8
��-� ���	
 
�� ���� 9�,   ��	��� 23
�+�	
 4-��� 	
         ��� ,� 3
��1� ��� :
��;
 ��� 4�$,�	� 2��	�, ���� %��,�	 �/ �	�!� ���� <
����# ��� �5
�#

 ���	
 �������Accessibility ����	
 4�-�	 Service Area ���#'	
 �� ,� %�+ Network 

Analysis         �� �=��� >
��/ �����= ?	� ��$�� ��	
� 3
�+�	
 ���# 	  :�,      �)����� 2(����1�	
 ��$�
             2���+���	
 ������	
� 2%������	
� >�
�'	
 �$��,� 2�,	
 �$��,� 2��7-;
 45
�,� 2����

      ����) �
�7# 2ABC�	
� 2��+���	
 *�
��	
�)E   �$��� – GH   45��� – GE  ��$���  (  ���� 	
   �����	
 ����� ����� �
����
 �� ��� 2��-0�	
 ����-�	Locatiopn – Allocation Model 

            )��1�� 6 �#�1��
 %�) %�+ ��-0� 	 ?�;
 �,	
 ����� ? B ����B6�#GH   ����	 45��� 
����	
 (�+�,# 3
�+�	
 4-���	
 %� ��1���,6
. 

 ��7	
 A��	 ��-�-��	
 �6�!�	
 ����� 3
�+�	
 4-��� 	 ��)�� 3�� ��
��	
 �5��� �7'��
	�#	
� ����	
 (�+�,# 3
�+�	
 4-���	
 %� KL,EN �N/ �,� �� 3
�+�	
 4-���	
 ��
�� ��B� 2���

 �,� ��'� ����	
 (�+�, 3��,/ %� 8��, %�!#�/� ����LL,L% �� 8�7!+ ����	
 (�+�, ���!�� 2
 2�	�,	
 ���	
 �� �Q���� �1�, ��# � �� 
R)1B� 3
�+�	
 4-��� 	 ��-0�	
 ����-�	 ��	
 �������

4-��� 	 �	�,	
 ����,6
 K # 9�, 2%��+��� %������ 2%���+��� %������ ��
�# ��
�� �!�� 3
�+�	
  
����������������� 

*  �������	 
���� �����	 ������ ���� ������ ������ � !�"�#$�� %&'( 
��)$�� ������* +�,�-
.����/ 
����( ��(�0��( ��1#��� 
2��� ����( �.�0	�� ��3�$4�� ��	�$�� ��#)��. 

��%&�':  dr.ashrafgis2020@gmail.com  e-mail: 



                     )
*�+�� )
,��-.� )�/�                               ��/�)12(��+��  )45 ( '
6'78988 

����� 

           2����� �)���� 2��7-S	 �$��, 2�, �$��,� 2%�����	
� >�
�' 	 %��$��,�    ���
��	
 �����
          �
�$	
 *���� ���/ �Q�	� ���	
 �� ��	
 �5���	
 �+�#  ���1��
���� �+� ��B    ��+,	
 -��-��	
* 

  --� �� ����7��	2��
����	
 ���
��!	
 �����	
 (3�7� %��,�� ���-�� ���+,	
 �����	
   ?�'���� ���# 
 ��&� ���� ��	
 NHLH�. 

 
)<Híée†ÃÖ]<íéÊ]†Ç¢]<í×�]<Híée†ÃÖ]<íéÊ]†Ç¢]<í×�]<Híée†ÃÖ]<íéÊ]†Ç¢]<í×�]<Híée†ÃÖ]<íéÊ]†Ç¢]<í×�]<‚×�]<‚×�]<‚×�]<‚×�]EEEEQQQQOOOODDDD�‚ÃÖ]<�‚ÃÖ]<�‚ÃÖ]<�‚ÃÖ]<E<E<E<E<SSSSUUUU<D<D<D<DèèèèçéÞççéÞççéÞççéÞç<<<<NLNNLNNLNNLNNNNN<”<”<H<”<”<H<”<”<H<”<”<HNQQNQQNQQNQQIIIIOLNOLNOLNOLN( 

 
 �
��
� ����	
�:  *�+,	
 -�-��	
  2 ��5�#	
 ��
���6
  2 +�	
 ���#	
3
�  2 ���	
 �������  2  ������

����	
 ����2�����	
 ��)��	
 �	
�B� (3�7�  2 �� ��	
 ��&�NHLH�. 
 

�����
�: 

          T# ��$� *�	
 �,	
� �5�#	
� �Q����	
� �7�"�	
 ���	
 ����U# ��
)�� �� B :
��B
 V���
2�=��,	
 �����	
 (��, �� 3
�+�	
 �,��7�	
 4-���	
 8
�"� �Q�
��=U�	 5�#	
�� �� �� $� 9� �   3
��Q	


T��,C %��,�� V	��� 2.7�� 	 %��,� :��"	
 ������	
 �� ,�	
 2%��	�# �� $�� �
��=U� 9� �	
 

�!��	
 ����W� 2*�#	
� %� �5
�7	
 ��� 2��5�#	
 %/ �Q	 �5
�� ���7� ��B���1
�  ����#�  (���#� 

�Q !1� %� �����	
 �����;
 ������� A1� ��	
 �� 2%��	
 ��/ �Q !1�� ��=�# %� ��1� �Q"� %� 

���"� ������	
. 
             ���� 2%�=,�#	
 %� ���!	
 �����
 ? B %��	�# 3
�+�	
 4-���	
 ���
�� ���,��
 ���
              (����B ����
�� %�+ �Q	���� �C� %� 3
�+�	
 4-���	
 ��B�+��# %�=,�#	
 �����
 3�1

 ���	
 45
�,	�# 4 !�� �� �Q�� 2�B�����Allotment Gardens) Breuste and Artmann, 

2015, p. 3( ���+,	
 ��!�#-	
 �"���	
� 2Green urban landscapes) Hand, et al., 2016, 

p. 35( 3
�+�	
 4-���	
 ?	� ���	
 �������� 2Access to green spaces  45
��,	
 -�-��� 2
 �����!	
General Garden Planning����#�0	
 (�
��� -���-��� 2Forest planning and 

management ��
�W����	
 ��0�	
� ���-�	
 ���)���	
� 2)Reyes, et al., p. 39(  (3��7� ���$�� 2
               4-����	
 -��-��� ����$� ��� �=��,	
 ����$�	
 :�"��� 23
�+�	
 4-��� 	 �����	
 ��)��	


 3
�+�	
)Root, et al., 2017, p. 38.( 
      �
�� X��1 ���
��	
 %� ���!	
 ��#=/ ���       *�+,	
 -�-��	
 ����� �� ����	
 �� ,� ��

��� �Y
�2            ����	
 ����� ���	
 ������� �� ,�	 ����	
 �1���	
 �� �
��;
 ��� ��/ �,/� 2 
              ������� ����$� ����	
 ���� �1���� ����	
 ?	� ���	
 ������� �� ,� ���
�� ���� 9�,

      
 �� ,�	
 ��-�-��	
 �
�
�$	
 (3�7� ���$�	 ������$#��	2     ��"�/ <
����# ��� �5
�# ��	�� ? B ��!�� 



�� ����� 	
���� ������ ����� � ������ �����                                           �.����� � ! "�#$  

����� 

      ��	�,	
 ��"�;
 %��,�	 �/ �� B�� �=�/ ����2       �	�&��	
� �� ,�	
 ��-�-��	
 �
�
�$	
 %��� 9�, 
     ���	�=�	
 %�B (���!# %���,;
 %� ��=� �� %�� ,�	
 (��$	
 �/ �����,	
 �#� %�)Fisher and 

Rushton, 1979, p. 83.( 
  1� 4�#-� %�           �
���	
 �C� T���$� �� ����	
 -�-�� �,� T1��	
 ��
�01	
 �� ,�	
 �
3
�

 ���0 	 ��!� �������� 9,# ��1�� (���;
)Murad, 2018, p. 280( ����� 4�#-� *�-�� 9�, 2
               ������ ���)�� ���1� ? B ���
�01	
 ���� !�	
 �"� �� ����	
 ����� ���	
 �������

  �$��-# T!�)�� ��� ������ -�$� ��' �� -��#�	
 A�#�; ��,� ��	
 A -	
 ��
�� ���,�� 2(��,�
 ��
��	
 ���,�� (���1	
 Z�!	
 ��
�� �B
�� ��	
 A�	��;
 4�#-� (�B
�� �� �$-�� ��	 ��)���

� ��,�	
 �,'��	
2  ���
��	
 �+�/ �����
 Z�0	 (��,�	
 -�$�	
 %� ���� ���,� */ )Murad, 

2018, p. 2(�� �#�!�� 2  (3��7� �����	
 �=�/ �� ��-0� 	 ?�;
 �,	
� ����� 	 ?��;
 �,	
 ���
3
�+�	
 4-���	
 ����� -�-��	. 

           ��#�!	
 �����	
 �� 3
�+�	
 Z�;
 �6��!��
 ��"��� ���$�	 *�+,	
 -�-��	
 A�����
        ��5��=��
 ����/ ����	
 (�+�,� ���1	
� (��,	
 Z��!	
 �� �!�
�	
2     4-���	
 �!� 9�,  3
�+�	


               [����	
 ��!�#-� 2%���� 	 ��,���� ��5C� ������ :��" 4 �	 ��-�-��	
 ��1	�!�	
 X�,�
             2�����#	
 :��'��
 %�#� �Q��Q' ��	
 ���
��!	
� ������	
 (�7-	
� 2����	
 (�+�,	 *�
�,	

           2(�+�, 	 ()��� ��� \#/ *�	
 �5�+�+	
� 2�5
�Q	
 9� �	
 �� 8C=�� 29� �	
 ���'� (���)� 

               �-'�/ %� V	� %B �	��� ��� ����#	
 �����	 �������	
 (U'�	
 ��,# ��B��	
 �-'�;
 )��� �1���
            ���+,	
 �5�#	
 ��
� ������+	
 %� �Q������ 23
�+�	
 ��,���	
 ��1� �!1� 2(��
)�� ���'#

��
��	
 �$-��	. 
 

�����
� ��
�	�  : 

     -�-��	
 ��1���,6
 X�,� 3
�+�	
 4-���	
 ��'�    2������ *; �����1	
� �����;
 ��
             ���#�!	
 ������	
 �� 3
�+�	
 Z�;
 �6��!��
 ��"��� ���$�	 *�+,	
 -�-��	
 A�����
              ������	
 ���	
 3�+ �� ��5��=��
 ����/ ����	
 (�+�,� ���1	
� (��,	
 Z��!	
 �� �!�
�	


       �7B�+� 9�, 2����#	
 :�'���# -#���	
 ����	
 �+,�	
� ��
��!	
�     (��+�,	
 %��� L,E 
   �C� (��%�!#�;
       ���
��!	
 � ��	
 �7B�+�� 2��+��	
 �R��B ],G       2(���7	
 .�7� �C� (�� 

   ��,����	
 %� ��7	
 A�� ���� ?	� ���+Y�# ���+,	
 �5�#	
 ? B 8��# � 8
����� 4 � *�	
�
     ��6
 �� �=�/ � �'�	
 ��
)� 2��^ ��� %� T#�� %��#�� �����	�# 3
�+�	
 ����� 	 �$�;
 �
�

              X���;
 Z�;
 ���
����
 %� >
��/ %��0- ?	� X�/ *�	
 ��;
 �+
�;
 ��!�/ >�7��
�



                     )
*�+�� )
,��-.� )�/�                               ��/�)12(��+��  )45 ( '
6'78988 

���!� 

             ���� %��� 	 ����;
 .7���	
 �=�� ��	
� 3
�+�	
 4-��� 	 ���	
 4-���	
 A��, ? B
           �5�#	
 %)
��	
 (��BY ����/ ���!� 45
�,	
� 3
�+�	
 ��,���	
 ��
)� ����/ %� �"!�  ��
� 

����	
 (�+�,. 
 

�����
� ���"�: 

•              ������	
 3���,;
 ��)�� �� �Q$�
��� 3
�+�	
 4-��� 	 �����	
 ��)��	
 (3�7� ���,�

           -�-��	
 ����!�� .�/ 4�� �#� -�	
 ��7�"�	
 ��5C�	
 %� 4$,�	
� 2����	
 (�+�,#

*�+,	
. 

•          �QB
��/ : ���# 3
�+�	
 4-��� 	 �����	
 ��)��	
 -�� ���,�     �C�� %� ����	
 (�+�,#

���
�01	
 ���� !�	
 �"� �� �5�,Y
� �����	
 �� ,�	
 A�	��/. 

•  )��1�� 6 �#�1��
 %�) %�+ 3
�+�	
 4-��� 	 ���	
 ������� ���,�GE�$��� . 

• ��-0�	
 �#�� 9�, %� 3
�+�	
 4-��� 	 ���
�	
 ��
��	
 ���$�. 

•       �'��	
 (���1	
 3
�+�	
 4-���	
 ��
�� ���,�         �	��,	
 A� -	
 ���-0�	 ��#� -�	
� �,

(�+�, 	 � #$���	
�. 

 

�����
� �#$��%: 

 ���&  ' �����
� ()" *��%��
�%
� ��+�#�: 

•  _������	
 �	
�!	
 (��7	 �$$,� 3
�+�	
 4-��� 	 ���!	
 ��!�)��	
 (��	
 �3�1 �, */ ?	� 

•  4�$,� �Q	 %�+� *�	
 ��$	�# 3
�+�	
 4-���	
 ���7� X�� ��  _����'��
� ����1� :
��/ 

•  _����	
 (�+�, �� 3
�+�	
 4-��� 	 ��
�01	
 ��)��	
 -���/� ����1�
� ���,� �� 

• _����	
 (�+�, ����� �� 3
�+�	
 4-���	
 ? B A -	
� ���	
 %�# %)
�� V��� �� 

• _)1!	
 
�� 9�, 
���	� 2����	
 (�+�,# 3
�+�	
 4-���	
 �� )1!	
 9�, %�/ 

•   B�� X�� ��            6 �#�1��
 %�) %�+ 3��,;
 ��-0� �� 3
�+�	
 4-��� 	 ���
�	
 ��
��	
 �� 

 )��1��GE_�$���  

•                   ���W 3���,;
 �#��� ��� ���� _(�+�,	
 3��,/ �� 3
�+�	
 4-���	
 ��-0� �#�� ��

_������	
 

•             ����� 4�� � #$���	
� �	�,	
 A -	
 ��-0�	 �#� -�	
 (���1	
 3
�+�	
 4-���	
 ��
�� ��

��_����	
 �� 



�� ����� 	
���� ������ ����� � ������ �����                                           �.����� � ! "�#$  

���,� 

�����
� ���-�.: 

%������/ %���+�� ? B 9,#	
 ��$� : 

•  /
01� ��-�2
�:            ����!�� .�/ 4�� 3
�+�	
 4-��	
 -�-��� ���$� ����� %/ ? B ���� 

             (��+�,# Z�;
 �6��!��
 3
)1/ %� ����/ 3)1 � $� ?	� *�&� *�+,	
 -�-��	


       ��B ?	� 
�� *�&�� �Q,�1� ��# -��# ���� ����	
       ���1���,6
 ��# �	 ��5C�	
 �5�#	
 ����� 

              Z�7��
 T�B ���� *�	
 ��;
 %��� 	 �Q���7� ��B �= %�� 2%��� 	 8��	��1� 8��Q����� 8������

���	�B� ��#�B X��/ %��# ����$� 3
�+�	
 ��,���	
 %� ��7	
 A��. 

•  ��3�4
� ��-�2
�:  
 ����� ���	
 ������� ����� :�"�� %/ ? B ����   ��5�# �� ����	

    ���
�01	
 ���� !�	
 �"�)GIS (           9��, %�� ��	�B �5��� ?	� ��� 	 ? =�	
 � ���	
 ��

           �����	
 �� �����	
 �#$���� ��
� :'�	 ���
�01	
 ���-!� 	 -�-��	
� �� ,�	
� �1	�!�	


��#�!	
. 

 

�����
� ��53�: 

           �� �	
 ���� %�# �#�!	
 �� �	
 �,�� ? B ����	
 (�+�, �$�  3
�, %�#=�� �#�!	
 

          Z�B ���5
� %�# 2����!�	
 ��#�!	
 �� ��	
 %� ����'	
 �$-��	
 �� 23����	
 H] `N]° 2

LH `N]°   ��- �-�� 286��' bH `bc°2 GE `EH°         ��� %��� 9C= %� 8���
�� %����� 28���'  :

          K #� ��	��1� �,���# 28��, %�=C=� ����� �5� �	��1d# 2%
�Q"	
� �#�	
� ����	
 ]H   8
����� :	/ 

      �,� �Q�� ���#�	
 �,���	
 K #��EH         �� *�+, ��1� �#�/ 9	�= ����	
 (�+�, �!�� 2����� :	/ 

       %� �Q���� ��B �
) 9�, 2�� ��	
L]H,HHH    ��B �� GceH   ?	� N,H   ���B �� %�� � NHNH 2�

�,��     A��1	
� 4�'	
 %� ����	
 (�+�,        �� ��Q�� ����� ���'	
 %�� 2�#�!	
 �� �	
   V�B ����

 �7# ����	
 (�+�, �� Z�;
 ��,��� 23����	
 3
�, ���,�� A�0	
 %� ��/ 2�#�!	
 �� �	
�

�� ,��	
 ��Q�	�# ?��� �� ����� �� �	
 ��1��# 8��1���� ���B)  ���';
G 2N .( 

              ?�	� A��1	
 %� ����	
 �#�!	
 �� �	
 �,�� ����	
 (�+�,	 ���5�	
 ��!�#-	
 �	�!�	
 %��

'	
                ?� B A� 0�� 2����� 	 ()��� ��5�� �Q1
� 8����� �����	
 %� ��	��'	
� ����'	
 �Q1	
 �� ���

                ��Q���#� ��Q"� ���	
� 2�#�	
� ����	
 �"��,� �� �Q"� *�	
� �-��'	
 -��	
 ��
�� �$-��	


             (�+�,	 )����	
 ����	
 <��/ ��� 2*�� $�	
 �#�-	
 ��U� (���!� ��--�� (�� �� �Q � �=��,	
 

����'	
 �$-�� 	 *�
�Y
� *����6
 �$=	
 )��� %��� %/ ����	
. 



                     )
*�+�� )
,��-.� )�/�                               ��/�)12(��+��  )45 ( '
6'78988 

���6� 

  
 7	�)9 ( : ��!	 ����	
 (�+�, %��	 *�
�Y
 ���$�	
� ����	
 (�+�, ����NHNG�. 

��:�
�:       ? B 8
����B
 9,�#	
 ��B %�)/ (        2�,���� 	 ���!	
 �5�Q	
 2��������1	
 �#
�#	
 2�����	
 �-���	

)A ( -5
�� . -/3�,f	 ���!	
 �5�Q	
 2%����	
� %��� 	 ��!	
 �
�!�	
 �5��� ��!�)��. 



�� ����� 	
���� ������ ����� � ������ �����                                           �.����� � ! "�#$  

���9� 

  
 7	�)� ( : ��B ����	
 (�+�, 3��,/NHNG�. 

��:�
�:               �"� (�
�� 2��
��!	
 -�-�� 	 ���!	
 (�
�Y
 2����'	
 �$-��	
 ����/ ? B 
R����B
 9,�#	
 ��B %� 
 �
�Y
 ���
�01	
 ���� !�	
G,G 2NHNG�. 



                     )
*�+�� )
,��-.� )�/�                               ��/�)12(��+��  )45 ( '
6'78988 

����� 

����              %� (��1 ��#'# �� ��	
� �$-��	
 %�� �� ��� �� 2(��1 ������ ���C!# (�+�,	
 ��
                �,��� ?� B T������ %B (�� �$� 6 8����+, 8
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�/ *��,� �� 2�	�!	
� �� ��	
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 :
              %� �,��7�	
 4-���	
 ��#' %� � ����� ���"�� �C� %� �Q!��1 -#��� %��	�# �,��7� 4-����
             ��� ,� 4�#-�� 3�'�� �=�� 2(��!��	
 %���	
 ��1���,
 ��# �	 �Q$����� �Q����� �Q-�-�� 9�,

  ��� ���	
 �������            ��1��#	
 ? B ���!� ���$�� %��,� �� �B ��
�	
 �� ����	
 ����� ���
 ���
�01	
 ���� !�	
 �"� �� ��+���	
)Rais and Viana, 2010, p. 3; Cho, 1998, p. 99.( 

            �
�7	
 �C� ����	
 (�+�,# 3
�+�	
 4-��� 	 ���	
 ������� �� ,� �5��� �7'� ���
     � (�'B .��� �'B� .�� ����)	
 .�� �C� ��+���	
 %��	
 ���� ��-0� 4�-� K #� T�/ �$��

  45���eL    �#��# �R�, ]G,Eo           45���� ��'B �C� ��-0�	
 4�-� K #� ��� 2GGH     �#���# 3���,/ 
eG,Eo          �$��� (�'B .�� �C� ��-0�	
 4�-� K #� ����# 2GNN    �#��# �R�, cH,bo    �#���	�# ��/ 2

C� ��+���	
 *�
��	
 ���� ��-0� 4�-�	45��� .�� �  �,� K # �$�GGH  �#���# �R�, eG,Eo 2
        45��� �'B �C� ��-0�	
 4�-� K #� ���GNe    �#��# �R�, cb,eo      �C� ��-0�	
 4�-� K #� ����# 2

    �$��� (�'B .��GLL �#��# �R�, ce,Eo      ����)���	
 ����� ���-0� 4��-� K� #� %�, �� 2
     45��� .�� �C� ����	
GHL �#��# 3��,/ k],Lo 2   ��'B �C�� ��-0�	
 4�-� K #� ���

  45���GNc    �#��# �R�, cE,]o          �$��� (�'B .�� �C� ��-0�	
 4�-� K #� ����# 2GLb   �#��# �R�, 
cc,LoK	�#	
� ����	
 (�+�, 3��,/ � �1 %�  ����B GLE �R�,. 

             45���� .��� �C� >�
�'	
� %�����	
 45
�, ���� ��-0� 4�-� K #��GGH     �#���# 3���,/ 
eG,Eo         45��� �'B �C� ��-0�	
 4�-� K #� ��� 2GLG    �#��# �R�, cko %�   �� �1  3���,/  (��+�, 

              K	��#	
� ����	
 (�+�, 3��,/ ���1 �$��� (�'B .�� �C� ��-0�	
 4�-� ��'� ����# 2����	
  �����B 
GLE             45��� .�� �C� %��	
 45
�, ���� ��-0� 4�-� K # ��� 2�R�,GGL    �#��# �R�, eL,ko   ���� 2

       45��� �'B �C� ��-0�	
 4�-� K #�GLH    �#��# �R�, c],Lo %�  � �1 3��,/ (�+�,     �����# 2�����	

           K	�#	
� ����	
 (�+�, 3��,/ ���1 �$��� (�'B .�� �C� ��-0�	
 4�-� ��'�  �����B GLE   2��R�,

          45��� .�� �C� ��7-;
 45
�, ���� ��-0� 4�-� K #��GHL    �#��# 3��,/ k],Lo    �'� �����# 2 ��
            K	�#	
� ����	
 (�+�, 3��,/ ���1 �$��� (�'B .��� 45��� �'B �C� ��-0�	
 4�-�  �����B GLE 

             45��� .�� �C� 3��,;
 45
�, ���� ��-0� 4�-� K #� %�, �� 2�R�,GLH    �#��# �R�, c],Lo  ����# 2
             	
� ����	
 (�+�, 3��,/ ���1 �$��� (�'B .��� 45��� �'B �C� ��-0�	
 4�-� ��'�K	�#  �����B 

GLE                �����	
 (�+�, 3��,/ ���1 45��� .�� �C� (���1�	
 45
�, ���� ��-0� 4�-� ��'�� 2�R�,
K	�#	
� ����B GLE  �R�,)���';
 Gb 2GE 2G] 2Gk.( 



�� ����� 	
���� ������ ����� � ������ �����                                           �.����� � ! "�#$  

��!�� 

 
 

 

 
 
 

 7	�
)

9C
 (

 :
9

�, 3
�+
�	
 4-��� 	 ��

�	
 �������
) :

A
 (

 3��,;
 �$��,
–) 

B
 (

(���1�	
 �$��,
. 

��:
�
�

: 
 ����	
 4�-� �� ,� ? B 
R����B
 9

,�#	
 ��B %�
)

S
ervice area

(.
 



                     )
*�+�� )
,��-.� )�/�                               ��/�)12(��+��  )45 ( '
6'78988 

��!�� 

 
 
 

 
 
 

 7
	�

)
9�

 (
 :

9
�,

 3

�

+
�	


 4
-�

�� 
	 �

�
�	


 �
���

��
�

) :
A (

$��
,

 �
�7-

;

 �

–) 
B (

�


��
�	


 �
��

)�
��	



. 

��
:

�

�

: 
 �

��
�	


 4
�-

� �
� ,

� ?
 B

 
R�
���

B

 9

,�
#	
 

��
B 

%�
)

S
er

vi
ce

 a
re

a
(.

 



�� ����� 	
���� ������ ����� � ������ �����                                           �.����� � ! "�#$  

��!�� 

 
 
 

 
 
 
 

 7	�
)

9�
 (

 :
9

�, 3
�+
�	
 4-��� 	 ��

�	
 �������
) :

A
 (

 %�����	
�  >�
�'	
 �$��,
–) 

B
 (

%��	
 �$��,
. 

��:
�
�

: 
 ����	
 4�-� �� ,� ? B 
R����B
 9

,�#	
 ��B %�
)

S
ervice area

(.
 



                     )
*�+�� )
,��-.� )�/�                               ��/�)12(��+��  )45 ( '
6'78988 

��!!� 

 
 
 

 
 
 

 7
	�

)
9�

 (: 
9

�,
 3


�
+

�	

 4

-�
�� 

	 �
�

�	

 �

���
��

�
) :

A (
 �

�+
���

	
 
���

��
	


–) 
B (

��+
���

	
 
*�


��
	


. 
��

:
�


�
: 

 �
��

�	

 4

�-
� �

� ,
� ?

 B
 
R�

���
B


 9
,�

#	
 
��

B 
%�

)
S

er
vi

ce
 a

re
a

(.
 



�� ����� 	
���� ������ ����� � ������ �����                                           �.����� � ! "�#$  

��!,� 

H> M��-�
� N5�3�
� 5�5�% 7��%��0 �
��
� H��%�#� ����%
 OP0�
� ��:�% H)0�3 : 

             �=�/ (
�/ �p'�� 	 ��
��	
 �+�/ ? B ��=!	
 ���,� *�	
 ����	
 ���� ����� �!�
   ���!	
 4�
��	
 -�-��	 (�5��  2           6� 2�����#	
 ���� A#�# 
R���,� %�� T$�#-� %/ %� �W�	
 ? B

            %��	
 %� ���!	
 �� �+
�;
 ���� !� ��"�/ ���� �� ��0� �� 
�� %/ � 2  %)
��	
 ����
 �� 	 �����	
              %�� ���� ?�/ 4�$,�	 ��!� �-�-�� �Q� �� ����	
 (�+�,# 3
�+�	
 4-�

              ������ \���� 9��, 24-���	
 ��Q	 �����	
 -�-��	
 � �'� %��,�� ��B���16
 ������	

           <
����6 ���� ���-�-�� �5
�# ��	��# ���
�01	
 ���� !�	
 �"� ? B �5�$	
 ����	
 ����

  ���	�, ���� %��,�	 �/ �	�!� ����)Rahman and Smith, 2000, p. 440(   ���� ���� 2
     )���1�� 6 �#�1��
 %�) %�+ ��-0� 	 ?�;
 �,	
 ����� �
����
 �� ��
��	
GH  45���� 

�	��	
 �,�	
 ? B �5���	
 �3�1�. 
 

 70�&)C ( : ��!	 �,��$�	
 3
�+�	
 4-���	
 ��
��NHNG�. 
 

�����
� T�=
� Q�+�� 705
� 5� 

 ���� �)���)��	
i���( GG,Ne 8NN `N]° LL,Le 8HN `EH° 

��7-;
 45
�, EL,cE 8NG `N]° Nb,c] 8Ek `bc° 

GG,HH 8NN `N]° N,ek 8HH `EH° 
%�����	
� >�
�'	
 �$��, 

LE,LN 8Hk `N]° Ee,EL 8He `EH° 

�����	
 �$��, GG,ec 8NL `N]° LE,Nb 8Ec `bc° 

L,EH 8GG `N]° LN,L] 8Hc `EH° 
��+���	
 �����	
 

H,]G 8NN `N]° Ec,Ge 8Ec `bc° 

be,Le 8NG `N]° NE,HN 8Ek `bc° 
��+���	
 *�
��	
 

e,GH 8GH `N]° GL,kc 8Hc `EH° 

��:�
�: ����	
 ���� �� ,� ? B 
R����B
 9,�#	
 ��B %� )Location Allocation(. 

 



                     )
*�+�� )
,��-.� )�/�                               ��/�)12(��+��  )45 ( '
6'78988 

��,6� 

           ����	
 (�+�,# 3
�+�	
 4-��� 	 ����	
 ���� �� ,� �5��� �7'� ��� ���1	


  ���)b (  ���';
�)Ge  2Gc  2NH (           3���,;
 ���B K # T�/ 45��� �'B �#�1��
 (�� ��

        ��+���	
 %��	
 ���� ? B � , ��	
 ���	
GHE   3��,/  �#��#kk,eo   � �1 %� 

   K	�#	
� ����	
 (�+�, 3��,/ ����B GLE �R�,       ?-��	
 4-���	
 �� 3��,;
 ��� )����� 2

  ��1 ����	� 2��	��'	
� �Q1 ���
�,� %�����+� %���+��� %������ <
���
 �� 3��,;
 �

            ���	
 ����	
 3���,;
 ��B �0 # %�, �� 2A��1	
 �Q1 X��;
� �#�0	
 ���'	


      ��+���	
 *�
��	
 ���� ? B � ,GNL    �#��# �R�, cG,Go      (��+�, 3��,/ � �1 %� 

 K	�#	
� ����	
 ����B GLE �R�,     	
 �� 3��,;
 ��� )����� 2     2��	���'	
� ?-���	
 4-���

              ����'	
 ��Q1 �����,/ %����+� %��+��� %����� <
���
 �� 3��,;
 ���1 ����	�

             ?� B � , ��	
 ���	
 3��,;
 ��B �0 # ����# 2A��1	
 �Q1 X��;
� �#�0	


     >�
�'	
� %�����	
 45
�, ����GNe   �R�,  �#��#cb,eo      ����	
 (�+�, 3��,/ � �1 %� 

K	�#	
� ��B�� GLE �R�,           ��	���'	
 :
�-;
 
�B ����	
 (�+�, �� 3��,;
 ��� )����� 2

        ��Q1 ���
�,� %�����+� %��$��, <
���
 �� 3��,;
 ���1 ����	� 2��#��1	
� ��#�0	


A��1	
 �Q1 X��;
� �#�0	
 ���'	
. 

 %��	
 45
�, ���� ? B � , ��	
 ���	
 3��,;
 ��B �0 # ���GNk  �R�,

�#��# cb,Go  K	�#	
� ����	
 (�+�, 3��,/ � �1 %�  ����B GLE  )������ 2�,  ���� 

3��,;
 �� (�+�, ����	
 
�B ��	��'	
 :
�-;
  �� 3��,;
 ���1 ����	� 2��#�0	


              ���	
 ����	
 3��,;
 ��B �0 # ��� 2�#�0	
 ���'	
 �Q1 ����+� �$��, <
���


      ��7-;
 45
�, ���� ? B � ,GLb   �R�,#  �#��cc,Lo      (��+�, 3��,/ � �1 %� 

����	
 K	�#	
� ����B GLE �R�,2 )����� ��� 3��,;
 �� (�+�, ����	
 
�B  :
��-;
 

��	��'	
              ����'	
 ��Q1 �����+� �$��, <
���
 �� 3��,;
 ���1 ����	� 2��#�0	


              ����)���	
 ����� ? B � , ��	
 ���	
 3��,;
 ��B �0 # %�, �� 2�#�0	


���	
 �GNE  �R�, �#��#cN,]o����	
 (�+�, 3��,/ � �1 %�  K	�#	
� ����B GLE 

�R�, �� 3��,;
 ���1 ����	� 2����'	
� ��	��'	
 �,
��	
 �� 3��,;
 ��� )����� 2

               �����	
 (��+�, 3��,/ ���1 %/ %�, �� 2�#�0	
 ���'	
 �Q1 ���+� �)��� <
���


      , ����� 3��,;
 45
�, ���� ? B � ,       (���$�	
 �#�1��6
 (�� �� (���1�	
 45
�

)45��� �'B.( 



�� ����� 	
���� ������ ����� � ������ �����                                           �.����� � ! "�#$  

��,9� 

 
 
 

 
 
 
 

 7	�
)

9!
 (

 :
9

�, 3
�+
�	
 4-��� 	 �,��$�	
 ��
��	


) :
A

 (
 ��7-;
 �$��,

–) 
B

 (
�	


�


���	
 �
��)��

. 
 

��:
�
�

:
 ����	
 �

�
�� �� ,� ? B 
R����B
 9

,�#	
 ��B %� 
)

L
ocation A

llocation
(.

 



                     )
*�+�� )
,��-.� )�/�                               ��/�)12(��+��  )45 ( '
6'78988 

��,�� 

 
 
 

 
 
 

 7
	�

)
9,

 (
 :

9
�,

 3

�

+
�	


 4
-�

�� 
	 �

,�
�$�

	
 
��


��
	


) :
A (

 %
���

��	

� 

>�

�'

	
 
�$�

�,
–) 

B (
%�

�	

 �

$��
,

. 
��

:
�


�
:

 �
��

�	

 �

�
��

 �
� ,

� ?
 B

 
R�
���

B

 9

,�
#	
 

��
B 

%�
 

)
L

oc
at

io
n 

A
ll

oc
at

io
n

(.
 



�� ����� 	
���� ������ ����� � ������ �����                                           �.����� � ! "�#$  

��,B� 

 
  
 

 
 
 

 7	�
)

�6
 (

 :
9

�, 3
�+
�	
 4-��� 	 �,��$�	
 ��
��	


) :
A

 (
 ��+

���	
 �����	

–) 

B
 (

��+
���	
 *�
��	


. 
��:

�
�
:

 ����	
 �
�

�� �� ,� ? B 
R����B
 9
,�#	
 ��B %� 

)
L

ocation A
llocation

(.
 



                     )
*�+�� )
,��-.� )�/�                               ��/�)12(��+��  )45 ( '
6'78988 

��,C� 

6��&%��# ?@����: 

9( ;+�%3
�: 

•              K	��#	
� �����	
 (��+�,# 3
�+�	
 4-���	
 %� ��7	
 A��	 ��-�-��	
 �6�!�	
 ����
L,EN�N/            K	��#	
 ����$	
� ��� #	
 %�&'	
 (�
)� ��!� %B �$� *�	
� 2���)E,c � N/ ���� (

        �,� ��!�	
 K # ����	
 ����� X���� ? B�L,GE � N/      ��,� K # ����# 2���b,NG � N/  ����
    �,�� 2�#�	
 �����#L,HL � N/           ����	
 %� ��7	
 A�� �$� �= %�� 2%
�Q"	
 ����� �� ���

     ����	
 ����� �� ��-�-��	
 �6�!�	
 %B %
�Q"	
�  2   �����	
 %� ��7	
 A�� 4�
��� ����#
	
 ���#�	
 ����� �� ��-�-��	
 �6�!� . 

•        45
��, ��� ����$	
� ��� #	
 %�&'	
 (�
)�	 ��-�-��	
 �6�!�	
 %B ��7	
 A�� �$�
    2%������	
� >�
�'	
 45
�,� 2�����	
 �$��,� 2�,	
 �$��,� 2(���1�	
 �$��,� 2��7-;


          %�# �� �Q# ��7	
 A�� <�
���� ��+���	
 *�
��	
� 2ABC�	
�H,HN g H,cb � N/ 2���
         �� ����$	
� ��� #	
 %�&'	
 (�
)�	 ��-�-��	
 �6�!�	
 %B ��7	
 A�� �Q�� ��)� ����#

   ����	
 �)���	
)i�����	
(         %��# �� ��7	
 A�� <�
��� 9�, ��+���	
 �����	
� 2 
H,N g G,Gk� N/���. 

•    �# ���,� ����	
 (�+�,# 3
�+�	
 4-��� 	 ��
�01	
 ��)��	
 ��1�
 ��U�   ����' *���+
  A�W–         �,� ��,�	
 
�� �+� 9�, 4�' A��1 EL %       ��� 2(��+�,	
 3��,/ � �1 %�

   %/ %�,bk %           -����	
 ��
�01	
 )���	
 %/ ��� 2*��+�#	
 ��'	
 ���� �$� 3��,;
 %�
     ��� ,� �5��� �7'� ��� 2%
�Q"	
 A�W �, �� �$� ����	
 (�+�, �� 3
�+�	
 4-��� 	

   � 	 ��
�01	
 ��)��	
 -��          ���)��	
 -��� %/ �
�1	
 �  �� ,� �C� %� 3
�+�	
 4-��
       ��1�� -�� �� 3
�+�	
 4-��� 	 ��
�01	
)Clustered (  T�����)H,bE(    
�� 3�1 9�, 2

  �� ��1�� -��	
 :           2�����	
 �)����	
 2��,	
 �$��, 2(���1�	
 �$��, 2��7-;
 45
�,
       �5
�'B 3�1 %�, �� 2��+���	
 *�
��	
)Random (�� :,    >�
�'	
 �$��,� 2�����	
 �$��

            ���'��	
 -���	
 T� =�� 3
��+�	
 4-���� 	 ��,
� >�� V���� 2ABC�	
� 2%�����	
�
)Dispersed (��+���	
 �����	
 ���. 

•       ��'� 8��, %�!�� �,� V���]],k %        6 ����# 23
�+�	
 4-���	
 �Q# ��
��� ����	
 (�+�,#
      #�/� ���� �,� �� 3
�+�	
 4-���	
 ��
���        :!+ �� 2����	
 (�+�, 3��,/ %� 8��, %�!

   ����	
 (�+�,# 3
�+�	
 4-��� 	 ���	
 ������Y ��-0�	
 ����-� ����)	
 �
�7	
 �C�
     (�'B .��� �'B� .��      %�# �� �,�
�� ��	
� �$���kEgce%    ����-� �3�1 9�, 2

           �� ��7-;
 45
�,� ���)���	
 >�� %� 3
�+�	
 4-���	
 �����	 ��-0�	
  (���;
 �#���	




�� ����� 	
���� ������ ����� � ������ �����                                           �.����� � ! "�#$  

��,�� 

  �,�#kE%          ���+���	
 *�
��	
 >�� %� 3
�+�	
 4-��� 	 ��-0�	
 ����-� ���� ����# 2
 �#��# ?	�;
 �#���	
ce.% 

•               �	�,	
 ���	
 �� 3
�+�	
 4-���	
 %� �Q���� �1�, ��# � �� 8
)1B ����	
 (�+�, ���!�
        ��
�# ��
�� �!�� 3
�+�	
 4-��� 	 �	�,	
 ����,6
 K # 9�,    %������ 2%���+��� %������ 

           2����� �)���� 2��7-S	 �$��, 2�, �$��,� 2%�����	
� >�
�' 	 %��$��,� 2%��+���
�      �����	
 �
�$	
 �B� ��"� %���         �� �!	
 ? B %��5�$	
� �
�$	
 >�� ��
��	
 ��� �� ��#�	


    )
��� ��'# 3
�+�	
 4-���	
 ���� �����	
 -�-��� ���$� %� ��-�-��	
  ���C$B� %
%��	�# ��
����	
 �����	
 (���$	 :�7'�. 

 

� (���:0%
�: 

•               ��� ����5�	
� �����;
 ���!	
 %� 3
�+�	
 ���#	
 �� � =���	
� ��Q����	
 �����	
 �!�
   �/ ���!	
 9�, %� �Q���B�� ������� ���� ��B� 2����	
 (�+�,	 ���
��!	
 �����	
 ��� �B

    � 8
��,� �!� �����	
 ��)��	
          ����	
 �" �� ��� 2�Q	 ��
����	
 ���
��!	
 �����	
 �� �!	 8���
           (��+�, 	 *�
�Y
� ��� �Y
� �7�"�	
 ���	
 �����	 -�7�	
� ��
)��	
 ��
��!	
� �����	


     ���+Y�# 2����+� ��-�-�� 3�#B/ �Q �,� X�	
� ?	� ���� A��  ���7	
  %��  ��,����	
 
3
�+�	
    -0�	
 ����-� :!+� �����	�#       (��+�,# 3
�+�	
 4-��� 	 ���	
 ������Y ��

  ����	
       2�$��� (�'B .��� �'B� .�� ����)	
 �
�7	
 �C�      8
������ 4 � X�	
 ��;
 
              3
��+�	
 ��
����6
 ��+� ���/ (��#� ����,� ��'�� 2���+,	
 �5�#	
 (�
�� ? B 8��# �

��Q����	
 �-'�;
 (���)�. 
•      	 ��-�-�� ��1	�!� ��1�� �1/ %��           Z!#�# ���
��	
 ���� ����'�	
 V � ��!#/ �� $�

       %�� �����	
 (�+�, �� 3
�+�	
 4-���	
 ��
� %��,�� ����� �Q�U' %� ��	
 ��,��$�	

              %���	
 �1�,� ��B �� A����� ��# ����	
 (�+�, �� 3
�+�	
 4-���	
 ��)�� (��B� �C�

          � V	� A -��� ����	
 (�+�, 3��,/ ���� ���� �"�� ��'#� �Q��     4-���� 	 �	�,	
 )1!	
 �
              2%���+��� %������� 2%���+��� %������ ��
�# ��
�� �!�� 3�'�� �� �=���	
� 3
�+�	

            (����) �� 2���� �)���� 2��7-S	 �$��, 2�, �$��,� 2%�����	
� >�
�' 	 %��$��,�
                ��,����	
 %�� ���7	
 A��� ���	 ����	
 (�+�, %�� �� 3
�+�	
 4-���	
 �,���

  3
�+�	
           (��B� �C� %� ����$	
� ��� #	
 %�&'	
 (�
)�	 ��-�-��	
 �6�!�	
 �� A�����	
� �B ��'# ����	
 (�+�,	 ��!	
 � ,�	
 --��	
 ���
� . 



                     )
*�+�� )
,��-.� )�/�                               ��/�)12(��+��  )45 ( '
6'78988 

��,�� 

•             %B ��)� ��	
 %^
 ?�, � 0���	
 ��W ��5��	
 ��Q1
�	�# �����6
 A1�bH     �C�� %� �� 
     ���	
� 45
�,	�� �Q� B ��Q����	
 �p'��	
 Z!# �����     3���#� ���Q����	
 �B��-�	
� ����)

             2�Q������ .�� 1 	 %����/ ������ ����1'�� ��=� �	
 %� �Q7�"��� ���Q�	
 ��1���	

               ������	
 4-����# :��!� �� 4 �� X��;
 �����	
 �� ��Q����	
 4-���	
 �+ V	���
         �
� ���-�-�� �
�,�� ������� ?	� %���	
 ���$� .�!� ���� ���� ��' �� �!�1�	


,/               2����)�	
 ���$7� �� $�� 3
�;
 (3�7� ��� �� (��7��6
 %� ��)�� ����	
 �� 4�
��� ��1
�!�1�	
 �����	
 �� ���!�	
 ��Q�1	
 ? B �Q���. 

•           3�$��
 �1/ %� ���	
� ��!	
 %�B�-$	
 �� ��B���16
 ��
�'	
 ��� ��!7�# ��
��	
 ���
  	
 ��Q1�� 3
�^
 ���#�� 3
�+�	
 4-���	
 ���-��  ���B�� %��,�� ���-� ��7�� �� �"�

              ������6
� ����-�	
 �1/ %� ���	
 >�-$ 	 ����,	
 �B�	
 ����� �� 3
�+�	
 4-���	

              %�� ��Q� B /�-� �� �#�
��� �Q��
�� Z�0	 3
�+�	
 4-���	
 ����# (�����	
 ����!	
�

            %��� �1�, �� A����� ��# �=��,	
 ����$�	
 ������ 2%�)	
 ����# �
��0�  ����	
 (�+�,
� 2�Q�	�.��$� ����B
 �	�Q� ���	
 ?	� �����	
 ���!	
 �,U���
�!	
  ��5�	
� ��B  ���)�� 

��
�� -�-��� ��� �����	
 �� �����	
 ���+Y�# ?	�  �����B
     -��-��	
 �����!�� .��/
            ���B ���
�01	
 ���� !�	
 �"� �� �����	
� �5�,Y
 �� ,�	
 A�	��/ ����B
� 2*�+,	


�$�%��	�# 3
�+�	
 4-���	
 -�-��� ��. 
 



�� ����� 	
���� ������ ����� � ������ �����                                           �.����� � ! "�#$  

��,�� 

<A�� 
 

 #0�> ����=
� O&���
�: 

G.        2���h 2�+�� 2���h 2q�'	
� 2���� 2������	
)NHHe�(  2"     45
��, 	 ���
�01	
 ��)��	

    X�#�	
 %��B ����/ �� ���!	
"  2 V����	
 9�,#/ :      ���B���16
 � �������Y
 �� !	
 � � � 2

 � 1�	
Nb ��!	
 2b� � 2cckgGHNc. 
N.     2���	
 ��,/ 2� �
)	
)NHHE�(  2"    X�#�	
 (���$	
 �� 3
�+�	
 4-���	
"     9��,# � �� � 2

 ��!	
 2����	
 ���
�01	
 ��!�1	
 2���
�01c. 

L.  ��,� 2��
�7B)	
   2.�#B)NHHL�(2 "4-���	
 3
�+�	
 ��  (����$	
  X��#�	
  � ��'�	
 
��������� �,	
" � � 2GgGE. 

b.     2� B \	� 2��
��'	
)Gce]�( 2"    ������	
 ���� ������ �� ���!	
 45
�,	
 ���
����

    Z�;
 ���
����
 �� ��$�#-� ��
��"         9��,# )���� 2��B���16
 �� !	
 9�,# � � � 2

 ��!	
 2X�$	
 �/ �!��1 2��B���16
 �� !	
E. 
E.     2� B \	� 2��
��'	
)Gcee�(  2"    �����	
 ��� �����# 3
�+�	
 ��,���	
"   9,#	
 (�,� 2

2��1��	
� ��!	
 2������	
 ���
�01	
 ��!�1	
 GGc. 
].      2��B ?�,� ���h 2q�'	
)NHHe�(  2"        ����� �� ��1����	
 ���!	
 45
�,	
 ��)�� -�� �� ,�

     ���
�01	
 ���� !�	
 �"� ���$� �
�����# ��1"         ����� !�	
 �"��	 9�	�=	
 ��-�	
 ?$� �	
 2
 2����!�	
 ��#�!	
 �� ��	
 2�#�	
 2���
�01	
kgc��#/ �. 

k.    2���# 2A,�	
)NHGH�(  2"          ������ ��� 3
��+�	
 ��,���� 	 ��1�	�����	
 �
��0�	

     ���B %�# �� ���
���	
NHHNgNHHc�"        � 2�������Y
 9�,#S	 V���/ � 1� 2L   � � 2

LgLG. 
e.       2��, ��,� ��# X�� 2%
�#!	
)NHG]�(  2"    ����	
 (�+�, �� 3
�+�	
 4-���	
 :  ���
��

    
 %
��!	
 ���
�01 �� �	�,*�+,	"        2����!��	
 ����
�01	
 ��!�1	
 2���
�01 ���
�� 2
 ��!	
 2��!� V �	
 �!��1NE � � 2GgNGb. 

c.      2��,� *��Q	
 �#B 2���-,$	
)GccE�(  2"       ������	
 3��,;
 45
�, ������� ���B ���$�
      ��0'�	
� ����	
 ��� �B 9�, %� ����	
 �$-��#"       ��!��1 2(��'�� ��W ����1�� �	��� 2

� V �	
����	
 2��. 
GH .     2������ 2���Y
 ��#)NHG]�(  2"       ��,����	
 �Q����/� �5�, ����� �� ���)���	
� 45
�,	
" 2

 > 2-�'�
�� �!��1 2��B���16
� �������	
 ���
��	
 � 1�e � � 2GLegGbc. 



                     )
*�+�� )
,��-.� )�/�                               ��/�)12(��+��  )45 ( '
6'78988 

��,!� 

GG .     2��h ��,/ 2�� �)NHGH�(  2"         ��� 3
��+�	
 ��,���� 	 ��-�-��	
� ���
�01	
 ����!�	


 ��+,	
 )�
��	
� :    ��-��	
 ��6� ? B ��$�#-� ��
��"        �/ ��!��1 2A
�^
 ��� � � 1� 2

 > 2%����L � � 2GHLgGLE. 

GN .      2��,� \# <�7 2�,#�#)NHGL�(  2"   �5�, ����� �� 45
�, 	 ��
�01	
 ��)��	
" � 1� 2

 ��!	
 2���
��	
� 9�,#S	 �,��7�	
 .�$	
 �!��1LH � 2G � � 2LcLgbNH. 

GL .    �,� ��-�� 2��	
 �#B   2��,/ �)NHHb�(  2"      ()�1	
 ����� �� ��,����	
 �����	
–  ��
�� 

 � � 2%
� , 2A
�^
 �� � � 1� 2��$�#-�	
 ���
�01	
 ��GN]LgGLcH. 

Gb .       2� B ��,/ :�'/ 2����	
 �#B)NHNH�(  2"      -�-��	
 �� ���
�01	
 ���� !�	
 �"� ��$�#-�

*�+,	
" � 2Z���	
 2?	�;
 �!#-	
 2%���#!	
 �'� �
� 2 �GgLke. 

GE.       2� B ��,/ :�'/ 2����	
 �#B)NHGb�(  2"        ����!	
 ������	
 ���)��	 �����	
 �� ,�	


        %-�#	
 �7, ����� ? B �� �7� ��
�� ��-�-��	
 ��1���,6
 ���,��g   ���#�!	
 �� ��	


    ���
�01	
 ���� !�	
 �"� �
�����# ����!�	
GIS"    ����� !�	
 �"��	 ���#�!	
 � 1�	
 2

 �1	
 2���
�01	
          2�#���	
 � 1�	
 2Z���	
 2��!� V �	
 �!��1 2����!�	
 ���
�01	
 ��!

 ��!	
N � � 2Gg]b. 

G] .       2� B ��,/ :�'/ 2����	
 �#B)NHGb�(  2"        ������ �� ���!	
 �����	
 ?	� ���	
 �����

    ���
�01	
 ���� !�	
 �"� 4�#-�# %
��/"         ����
�01	
 ���!�1	
 2����
�01 9�,# � � � 2

2(���$	
 2����	
 � � 2%�!#�	
� 9	�=	
 ��!	
 GgeE. 

Gk .     2��,� %��, 2)�)B)NHHk�( 2"  �� ,	
 ����� �� 3
�+�	
 4-��� 	 �����	
 ��)��	
 (3�7�

X�#�	
 :   %��	
 ���
�01 �� ��
��"         > 2�������Y
 �� !	
 2�#�# �!��1 � 1� 2GN   � � 2

G]egGe]. 

Ge .      2:�- 	
 �#B �$��� 2ACW)NHNG�(  2"  
�, 	 �����	
 �� ,�	
      ��� �Q�C��'�� ���!	
 45

    ����!�	
 ��#�!	
 �� ��	�# :�7Q	
 �����"        � 1�	
 2���7	
 �!��1 2A
�^
 �� � � 1� 2GL  > 2

G � � 2GLENgGbNN. 

Gc .         2��
� �
�� 2*�
)!	
� 24)
�	
 �#B ���, 2�����)NHHc�(  2"      ?� B ���
��!	
 :�,)	


      �
�0# ���� ? B ��5�#	
 ����=h� 3
�+�	
 4-���	
"  
 � 1� 2     2�
��0# �!��1 2�����	
� --��	

 ��!	
NG � � 2GgLb. 

NH .      ���
�#� ���' ��,� 2���)Gcee�(  2"    (�����	
 �����	
 �� ���!	
 45
�,	
 ��)��"  �� 1� 2

 . 2Z���	
 2(�
�	
Gb ��!	
 2G � � 2GcNgNHk. 



�� ����� 	
���� ������ ����� � ������ �����                                           �.����� � ! "�#$  

��,,� 

 �U�3�4> ����=
� ��G O&���
�: 
 

1. Abd El Karim, A.; Awawdeh, M.M. (2020), "Integrating GIS Accessibility and 
Location-Allocation Models with Multicriteria Decision Analysis for Evaluating 
Quality of Life in Buraidah City, KSA", Sustainability, MDPI, Vol. 12, 1412. 
https://doi.org/10.3390 /su12041412 

2. Breuste, J.; Artmann, M. (2015), “Allotment Gardens Contribute to Urban 
Ecosystem Service: Case Study Salzburg, Austria”, J. Urban Plann. Dev., Vol. 
141, Issue 3, pp. 1-11. 
https://doi.org/10.1061/(ASCE)UP.1943-5444.0000264. 

3. Castella, J.S.; Manh, P.H.; Kam, S.P.; Villano, L.; Tronche, N.R. (2005), 
“Analysis Of Village Accessibility And Its Impact On Land Use Dynamics In A 
Mountainous Province Of Northern Vietnam, Applied Geography, Vol. 25, pp. 
308–326, https://doi.org/10.1016/j.apgeog.2005.07.003.  

4. Cho, C. (1998), “An equity-efficiency trade-off model for the optimum location 
of medical care facilities”, Socio-Econ. Plan. Sci., Vol. 32, pp. 99–112. 
https://doi. org/10.1016/S0038-0121(97)00007-4. 

5. Comber, A.; Brunsdon, C.; Green, E, (2008), "Using a GIS-based network 
analysis to determine urban greenspace accessibility for different ethnic and 
religious groups", Landscape and urban planning, Vol. 86, Issue 1, pp. 103-
114. https://doi.org/10.1016/j.landurbplan.2008.01.002. 

6. Drezner, T.; Drezner, Z. (2007), “The gravity p-median model, Eur. J. Oper. Res, 
Vol. 179, Issue 3, pp. 1239-1251. https://doi.org/10.1016/j.ejor.2005.04.054. 

7. ESRI, Arc GIS, version 10X help, http://desktop.arcgis.com/en/arcmap/latest/ 
extensions/network-analyst/location allocation.htm. 

8. Fisher, H.B.; Rushton, G. (1979), “Spatial efficiency of service locations and the 
regional development process papers”, Regional Science Association, Vol. 42, 
pp. 83-97, https://doi.org/10.1111/j.1435-5597.1979.tb01066.x 

9. Gu, X.; Tao, S.; Dai, B. (2017), " Spatial accessibility of country parks in 
Shanghai, China", Urban Forestry & Urban Greening, Vol. 27, pp. 373-382, 
https://doi. org/10.1016/j.ufug.2017.08.006. 

10. Gupta, K.; Roy, A.; Luthra, K.; Maithani, S. (2016), " GIS based analysis for 
assessing the accessibility at hierarchical levels of urban green spaces", Urban 
Forestry & Urban Greening, Vol. 18, pp. 198-211, https://doi.org/10.1016/j. 
ufug.2016.06.005. 

11. Hakimi S, (1964), “Optimum locations of switching centers and the absolute 
centers and medians of a graph”, Oper. Res., Vol. 12, pp. 450–459. 
https://www.jstor.org/ stable/168125. 

12. Hand, K.; Freeman, C.; Seddon, P.; Stein, A.; Van Heezik, Y. (2016), “A novel 
method for fine-scale biodiversity assessment and prediction across diverse urban 
landscapes reveals social deprivation-related inequalities in private, not public 
spaces”, Landscape and Urban Planning, Vol. 151, pp. 33-44. 
https://doi.org/10. 1016/j.landurbplan.2016.03.002. 

13. Higgs, G.; Fry, R.; Langford, M. (2012), "Investigating the Implications of 
Using Alternative GIS-Based Techniques to Measure Accessibility to Green 
Space", Environment and Planning B: Urban Analytics and City Science, Vol. 
39, Issue 2, https://doi.org/10.1068%2Fb37130. 



                     )
*�+�� )
,��-.� )�/�                               ��/�)12(��+��  )45 ( '
6'78988 

�B66� 

14. Hodson, C.; Sander, H. (2017), “Green urban landscapes and school-level 
academic performance”, Landscape and Urban Planning, Vol. 160, pp. 16-77, 
https://doi.org/10.1016/j.landurbplan.2016.11.011. 

15. Kuta, A.A.; Odumosu, J.O.; Ajayi, O.G.; Zitta, N.; Samail-Ija, H.; Adesina, 
E.A. (2014), "Using a GIS-Based Network Analysis to Determine Urban 
Greenspace Accessibility for Different Socio-Economic Groups، Specifically 
Related to Deprivation in Leicester, UK", Civil and Environmental Research, 
Vol. 6, No. 9, pp. 12-20. 

16. Laijun Zhao, Huiyong Li, Yan Sun, Rongbing Huang, Qingmi Hu, Jiajia Wang, 
Fei Gao, (2017), “Planning Emergency Shelters for Urban Disaster Resilience: 
An Integrated Location-Allocation Modeling Approach”, MDPI, Sustainability, 
Vol. 9, pp. 1-20, https://doi.org/10.3390/su9112098. 

17. Ma, L.; Xie, Q.; Shi, S.; Ye, X.; Zhao, A. (2017), “Regional maldistribution of 
China’s hospitals based on their structural system, Sustainability, Vol. 9, pp. 1-18, 
https://doi.org/10.3390/su9061046. 

18. Murad, A. (2018), “Using GIS for Defining Public Services Catchment Area at 
Jeddah City”, European Journal of Scientific Research, Vol. 149, No. 3, pp. 279-
288. 

19. Murad, A. (2018), “Using GIS for Determining Variations in Health Access in 
Jeddah City, Saudi Arabia", MDPI, ISPRS Int. J. Geo-Inf, Vol. 7, pp. 1-12, 
https://doi.org/10.3390/ijgi7070254. 

20. Ohta, K.; Takano, S.; Kagaya, S.; Yamada, H.; Minakami, H.; Yamamura, E. 
(2007), “Analysis Of The Geographical Accessibility Of Neurosurgical 
Emergency Hospitals In Sapporo City Using GIS And AHP”, International 

Journal of Geographical Information Science, Vol. 21, pp. 687–698. 
https://doi.org/10.1080/13658810601135692. 

21. Rahman, S.; Smith, D. (2000), “Use of location-allocation models in health 
services development planning in developing nations”, European Journal of 
Operational Research, Vol. 123, Issue 3, pp. 437-452. 
https://doi.org/10.1016/S0377-2217(99)00289-1.  

22. Rais, A.; Viana A. (2010), “Operations research in healthcare: A survey”,  Int. 
Trans. Oper. Res., Vol. 18, pp. 1–31. 
https://doi.org/10.1111/j.1475-3995. 2010.00767.x. 

23. Reyes, M.; Páez, A.; Morency, C. (2014), “Walking accessibility to urban parks 
by children: A case study of Montreal”, Landscape and Urban Planning, Vol. 
125, pp. 38-47, https://doi.org/10.1016/j.landurbplan.2014.02.002. 

24. Rojas, C.; Páez, A.; Barbosa, O.; Carrasco, J. (2016), " Accessibility to urban green 
spaces in Chilean cities using adaptive thresholds", Journal of Transport 
Geography, Vol. 57, pp. 227-240, https://doi.org/10.1016/j.jtrangeo.2016. 10.012. 

25. Root, E,D.; Silbernagel, K.; Litt, J. (2017), “Unpacking healthy landscapes: 
Empirical assessment of neighborhood aesthetic ratings in an urban setting”, 
Landscape and Urban Planning, Vol. 168, pp. 38-47, https://doi.org/10.1016 
/j.landurbplan.2017.09.028. 

26. Schamel, J.; Job, H. (2017), “National Parks and demographic change – 
Modelling the effects of ageing hikers on mountain landscape intra-area 
accessibility”, Landscape and Urban Planning, Vol. 163, pp. 32-43. 
https://doi.org/10.1016/j. landurbplan.2017.03.001. 



�� ����� 	
���� ������ ����� � ������ �����                                           �.����� � ! "�#$  

�B69� 

27. Siefu, S.; Stellmacher, T. (2021), "Accessibility of public recreational parks in 
Addis Ababa, Ethiopia: A GIS based analysis at sub-city level", Urban Forestry 
& Urban Greening, Vol. 57, https://doi.org/10.1016/j.ufug.2020.126916. 

28. Šiljeg, S.; Milošević, R, Vilić E. (2020), " Multiscale GIS based Analysis of 
Urban Green Spaces (UGS) Accessibility: Case Study of Sisak (Croatia)", In 
Proceedings of the 6th International Conference on Geographical Information 
Systems Theory, Applications and Management (GISTAM 2020), pp. 240-245. 
DOI: 10.5220/0009470802400245. 

29. Unal, M.; Uslu, C.; Cilek, A. (2016), “GIS-Based Accessibility Analysis for 
Neighbourhood Parks: The Case of Cukurova District”, Journal of Digital 
Landscape Architecture, pp 46-56, 10.5194/isprs-archives-xlii-2-w1-95-2016. 

30. Wu, H.; Liu, L.; Yu, Y.; Peng, Z. (2018), “Evaluation and planning of urban 
green space distribution based on mobile phone data and two-step floating 
catchment area method, Sustainability, Vol. 10, pp. 1-11. 
https://doi.org/10.3390 /su10010214. 

31. Žlender, V.; Thompson, C.W. (2017), " Accessibility and use of peri-urban 
green space for inner-city dwellers: A comparative study", Landscape and 
urban planning, Vol. 165, pp. 193-205. 
https://doi.org/10.1016/j.landurbplan.2016. 06.011. 

 
 
 
 



                     )
*�+�� )
,��-.� )�/�                               ��/�)12(��+��  )45 ( '
6'78988 

�B6�� 

Urban Planning of the Green Zones in Al-Dammam Metropolitan 

Area, KSA, Using Integrated GIS location-allocation and 

Accessibility Models 

 
ABSTRACT 

 
In the present study, the location-allocation and the accessibility models of GIS 

were integrated together with the urban planning standards of the Ministry of 
Municipal and Rural affairs of Kingdom Saudi Arabia (KSA) in order to enhance the 
spatial planning and the environmental sustainability of the green zones in Al-
Dammam Metropolitan area, KSA. The integration of these models provides a 
framework for investigating the efficiency of the spatial distribution of the green 
zones and generating alternatives either by suggesting new effective service or 
improving an existing one. To achieve these purposes, the accessibility within (5, 10 
and 15) minutes to the service areas in the green zones that is classified into nine 
types (“Neighborhood gardens”, “specialized parks”, “Cities gardens”, “Children’s 
gardens”, “District gardens”, “Streets and Squares gardens”, “sports city”, “Sports 
clubs” and “Playgrounds”) was analyzed through analyzing the network structure of 
the green zones in Al-Dammam Metropolitan area. The location-allocation model 
was used based on the maximum coverage within response time of no more than 10 
minutes. The study revealed the poor distribution of the green zones, the low per 
capita green zones rates with only (3.52 m2/person) and there are no green zones in 
45 districts representing 33.3% of the total districts in the investigated area. 
Consequently, Al-Dammam Metropolitan area suffers weakness of the structure of 
the green zones and shortage in fulfilling the needs of population. The current needs 
were determined as nine services by two “sports cities”, two “Sports clubs”, two 
“Streets and Squares gardens”, one “District garden”, one “Children’s garden” and 
one “specialized park”. It is recommended that the results of this study be taken into 
consideration by the decision makers while developing the urban planning strategies 
for improving the infrastructure efficiency as the KSA vision 2030. 
 
Key Words: Urban planning, environmental sustainability, green zones, accessibility, 
location, allocation models, fair and efficient spatial distribution, KSA vision 2030. 


