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Table 1. Flood risk factors and the percentage share of each
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Fig 1. Hendijan-Jarahi and realted third and 4th 
ordered subbasins geographic location (No. 241 is 

Jarahi and No. 242 is hendijan )
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Table 2. Ranges of variation of Flood risk factor classes

M/�5
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F�%���3�4�/Z

X��#��


���#Z���%
�;��4!
X��#��3�4�/���

���(/������(:G
X��#�����������#Z�M��

�L#3�W/��1��/�H1��!
���������1��/����(!Z

X.
�/���/34�1
�M���g3U
����(!

X>(U�
Z

Factors

 <������
 damages (10^6

 IR Rials per
person)

 <������
 losses

 (person
 per 10^6

population)

 Population
 ������#	��	���#

 risk (person
 per Thousand

population)

Density residential
 Centers (no of

 centers per square
kilometers)

?�	��	���#
events

Normal k��50.07550.009140.0025910

Relatively mild�$������,W#0.2150.0710.00520

Mild�$���0.35300.1320.00830

Medium�?�3�/0.5450.1940.01140

Realtively Severe��%�&���,W#0.65600.2550.01350

Severe��%�&0.8750.31670.0161860

Highly Severe��%�&�L4��>0.8>75> 0.3167> 0.0162>60

B���	e'�B���!�j/(��"���;��#�*���a�#*��C#���	
�B���	e'�6%�(�h�4
��67 ,�F'#N��UR���%
Table 3. ���������	�
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��	��������	��
�������	����
���


��������ents

�%�&�L4�� �%�& �%�&�}��,W# ?�3�/ $��� $����}��,W# k��5 M/�5
Highly
 Sever

Sever
Relatively

 sever
Medium Mild

 Relatively
Mild

Normal Factors

25 21.25 17.5 13.75 10 6.25 2.5 X��#��
�F�%���3�4�/Z���%
�;��W�
<�����	��=���&W
��	|����	���	������*

40 34 28 22 16 10 4 X��#��3�4�/������#Z���%
�;��4!
<�����	�����	&"�����	���	W
��	������*

15 12.75 10.5 8.25 6 3.75 1.5
X��#�����������#Z�M�����(/������(:G

 /�����	���{����#	��	���#	&������	���	W
�Q
person)

10 8.5 7 5.5 4 2.5 1
X.
�/���/34�1�����������(!Z�L#3�W/���1��/�H1��!
 Residental centers density (No. per 1000

Km^2)

10 8.5 7 5.5 4 2.5 1 X>(U�
Z�M���g3U
����(!
Flood event No. (Event)

100 85 70 55 40 25 10 Score�0���/�

;��#�*���64��(�C#���	
�B���	e'�;#7 ,�Uq���%
Table 4.��


����� classes based on score ranges

M����Q��>=,-k��5$������,W#$���?�3�/�%�&���,W#�%�&�%�&�L4��
Flood risk classnormalRelatively MildMildMediumRelatively SeverSeverHighly Sever

Score range�;�0���/��>)/��<1010-2525-4040-5555-7070-85>85
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��������������	�hments

>�3�>R��
��/��
�������0L���G�j�%����A%�)��j�%��
BasinAlahMaroonKhairabadZohrehJarahi Down StreamHendijan Down Stream

Basin code�>�3���1241224132423242424112421

X.
�/���/34�1Z�M���>) �
Flood area (Km^2)

273.7387.1363.4425185358

QRSV�6/(�����#��QRRV�6/(���������#��kV�j,�j�	%U"#���4/�6J���B���b�#O��(��)��Ut���%
Table 6. Flooding event numbers in Hendijan-Jarahi basin during last 50 years from early 1951decade to early 2000 

decade

>�3�>�3���1
;���W��
�;��4!��k�����.%�U
;���W��
�;��4!��U�B�.%�U


���(!XuZM1�0����*�����(!XuZM1�0����*��

Basin NameBasin identity

 Events having damages and
losses

 Events with out damages and
losses

No. PercentNo. Percent

Alah�>R�241253.8500

Maroon��
��/23141512.3121.54

Khairabad���
����242375.3832.31

Zohreh����024243224.623426.15

Jarahi Down Stream�L���G�j�%��24111511.5496.92

Hendijan Down Stream���A%�)��j�%��242153.8521.54

Hendijan-Jarahi Total 24�L���G�S��A%�)��>�3��M18061.545038.46

P1�	O����W	�A�B���h#/�64.Z�I�)O���U\�B?N
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X�����Z���
�L%���
��>#��
Xj�
Z

��5��0
X�����Z

���/
X>(QUZX^��Z��)��3+X��#Z���&X^��Z�
�+X^��Z��


���/Z�L/�����"%�G
X.
�/

 Orchard
 (Hectare)

 Cottage
(No.)

 Farm
(Hectare)

 Chicken
(No.)

Sheep (No.)Camel (No.)Cow (No.)Goat (No.)Stable(M^2)

�F�#�1
X��/34�1Z

�k������	
���)

X�)
ZX>=4�Z���\X>)��Z�M���%0�;�W��_!

X��3/Z�L%�)
X>�&�Z�;�)U�LB��T#���)

X��/Z

���/Z�I�\�>���
Xv(�/X��3/Z�k���x�/

 Canal
(Km)

 Small Dam
(No.)

Well (No.)
 Bridge

(No.)
 Infrastructure

(No.)
Qanat (No.)

 Divert Dam
(M)

 Check dam
(Cubic Meter)

 Aviculture
(No.)

�>�3&����
X��/34�1Z

�>�R��������
X��/34�1Z

�>�3&����
X��/34�1Z

h:���3!3/
X�"���Z

��:���
���*�I�#�
X���
Z

k��d+�j3��
X��/34�1Z

.!�/
X�����Z

.!�/�
�M")G
X�����Z

�L%���
�����
X��/34�1Z

 Dirt Road
(Km)

 Asphalt
Road (Km)

 Dirt Road
(Km)

Pump (No.)
 Radio and

 TV Antenna
(No.)

 Sedimentation
(Km)

 Rangeland
(Hectare)

 Forest and
 Rangeland

(Hectare)

 Rural Road
(Km)

j��	%U"#���4/�q�6 ���h#/�6J����(�B���;�#�'�"�1���US����%
Table 8. Flood damage in 4th ordered catchments in Hendijan-Jarahi

>�3�>R��
��/��
�������0L���G�j�%����A%�)��j�%��
BasinAlahMaroonKhairabadZohreh

 Jarahi Down
Stream

 Hendijan
Down Stream

XF�%���3�4�/�����Z�;��W������/
Damage (10^9  Rials)23.63114.9245.87511.55279.5815.59

j��	%�U"#���4/��#.��6 ���h#/�6J����(�&Y���;��#�'���I�)
%�"�1���UT����%
'�����+#�/
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��7������
����������	��
�
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���	�����	��������
�����������

>�3�>R��
��/��
��������0L���G�j�%����A%�)��j�%��L���GS��A%�)��M1

BasinAlahMaroonKhairabadZohreh
 Jarahi Down

Stream
 Hendijan Down

Stream
Total Hendijan-

Jarahi
No. of  villages�� %��
�����(!533151859711389261524864
No. of cities ���� &����(!13337219

�X��#Z���(:G
population (person)

116320287724182180231473465495698981353090

X��#��
�F�%���3�4�/Z��%
�;���W�
 <������	#�=���	&W
��		|����

per person)
0.2030.3990.2510.2250.5580.2230.378
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 in 4th ordered catchments in Hendijan-Jarahi

>�3�
����W/

X.
�/���/34�1Z
����k� %��
����(!

M�����(/
����k��� &����(!

M�����(/
�M�����(/����L#3�W/��1��/�H1��!
�X�.
�/���/34�1����������1��/����(!Z

BasinArea (km2)Villages Exposed to 
���#���

 Cities Exposed to
���#���

 Residential centers Exposed to
���#���	&�������	���	W


	K=2)

Alah�>R�310448015

Maroon��
��/73062704

Khairabad���
�����4429401

Zohreh����076972003

�L���G�j�%��
Jarahi Down Stream

147865604

��A%�)��j�%��
Hendijan Down Stream

333543113

L���GS��A%�)��>�3��M1
Total Hendijan-Jarahi4065819815

���	%�U"#���4/�q�6 ����#/�6J����(�B���;#[���"�1���UQV����%
Table 10. Population victim in 4th ordered catchments in Hendijan-Jarahi  

>�3�>R��
��/��
�������0L���G�j�%����A%�)��j�%��L���GS��A%�)���03�

BasinAlahMaroonKhairabadZohreh
Down Jarahi

Stream 

 Hendijan
Down

Stream 

Total
Jarahi-Hendijan 

X��#Z�;��4!
(person) Losses

11614118959

���%
�;��4!
X��#��3�4�/�0�Z
loss <������

(million per ) 

9567743912944
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�D�
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 in 4th ordered catchments in Hendijan-Jarahi

>�3�X��#Z���(:GX.
�/���/34�1Z�M���>) �M�����(/������(:GX��#�����������#Z�M�����(/������%
���(:G

Basin PopulationFlooding Area (Km2)
 Population Exposed

��	���#
 <������	����������	������#	��	���#

(person per 1000 person)

Alah�>R�116320273.7662157

Maroon��
��/
287724387.1305711

Khairabad���
�����
182180363.34913

Zohreh����0
231473425.0349215

�L���G�j�%��
 Jarahi Down

Stream
465495185.0874319

���A%�)��j�%��
 Hendijan Down

Stream
69898358.028565409

S��A%�)��>�3��M1
 Total�L���G

Hendijan-Jarahi
1353090729.95096938
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Table 13.���������	�
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���


����� in 4th ordered catchments in Hendijan-Jarahi

>�3�
;��4!�0���/�
������#Z���%

X��#��3�4�/

;���W��0���/�
�F�%���3�4�/Z���%


X��#��


���(:G�0���/�
�����������#Z���%


X��#

��1��/�H1��!�0���/�
���(/����L��(:G
�1�/����(!Z�M��

X.
�/��/34�1��������

����(!�0���/�
�g3U

X>(U�
Z

�.:G
0���/�

�>=,-
M����Q�

Basin

<������	����	
score (person 

per 106 
person)

<������	����	
score (106 

IR Rials per 
person)

<������	����	
score person 

per 1000 
person)

<������	����	�����	
(centers number 
per 1000 Km2)

<������	
loss score 

(event)

Sum 
of 

scores

Class of 
���#	���K

Alah�>R�10103.758.5133.25�$���
Mild

���
��/
Maroon

2813.753.752.52.550.5?�3�/
Medium

���
�����
Khairabad

40101.51153.5?�3�/
Medium

Zohreh����04103.752.55.525.75$���
Mild

�L���G�j�%��
 Jarahi Down

Stream

2217.53.752.52.548.25?�3�/
Medium

��A%�)��j�%��
 Hendijan�

 Down
Stream

4010157173�%�&
Sever

�&��(�#
�h��6�K����6������	wE����Pb
	�	*����E��(�6��#o��(�+)?�	*�W��Y���j
(���P6��#o��(�+)?�	*�W�j
(�	�(#7��UQq���%
j��	%U"#���4/�q�~ ���h#/�6J����(�6�#��kV��I�A�#


 Table 14. Maximum instantaneous and daily Discharge (m3=���%���
��7������
���������$�3/sec per Km2%�����	��?@
years return period in 4th ordered catchments of Hendijan-Jarahi

L���G ��A%�)� >R� �
��/ ��
���� ���0 >�3�
Jarahi Hendijan Alah Maroon Khairabad Zohreh Basin

3 3 4 4 4 4 Basin order�>�3���,!�
26232 14479 3158 7306 4429 7697 Area (Km^2)�X.
�/���/34�1Z����W/
257 282 654 625 674 738 Precipitation(mm)�X��/��L4�/Z�L+�#��

92 93 36 61 43 63 30 year mean discharge�>R���8r�?�3�/�L
�

4131 4081 1113 2848 1644 2669 Maximum daily discharge�>#�0
���Y1����L
�
5995 5932 1929 4345 2702 4108 Maximum instantanouse  discharge����>OTR��Y1����L
�
0.16 0.28 0.35 0.39 0.37 0.35 ;���=�=	#����	�������	#���������>#�0
���Y1������%
�L
�

0.23 0.41 0.61 0.59 0.61 0.53  ;���=�=	�������������	�����������>OTR��Y1������%
�L
�
discharge
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Fig 4. Flooding intensity classes map of Hendijan-Jarahi
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$���#	��	�	��#�������	�������	�����	#�=�������	������	��#��	#��������	�������	��#	���������	���#������	
as well as climatic conditions. Flood can become a natural disaster and would cause damages and casualties, 
if this phenomenon is not well recognized, or if it is not controlled or prevented. Appropriate planning can 
��	��K��	����	�������	��	��#���	��������	#�=����	��#	��������	�����������	��	����	��������+	�	=����#	���	
��������#	 ��	#����=���	���#	�����#�+	����#	��	=���	 �������	 ���������	�����#+	 ��#	 ����	 ��	 ��	 ������#	 ��	
!��#�{��V>������	�����	��	���	���������	��	�����	<����	�������+	�����#���	���������	���������	��	���#+	���#	
��� �����+	���#	#�=���+	���#	����������+	���	����������	������#	��	���	���#+	����#������	������	��#	���#�	
������#	 ��	 ���	 ���#+	 ����	 ���������#	 ��	 ���	 =���	 ����=�����	 ��	 �������	 ���#	 �����#�	X�������#�+	 ���	
=�����	��	�����#	�������	����	�#������#	��	���������	��	����	��	���=	��#	�����	#�=����	����	#����=���#	
����#	��	#���	��	���#�	#�����	���	����	\
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};�	�

��	��	�##�����+	 ���	���������	��	���������	���#	�����	�����	����	����=���#	����	#��������	������	
periods applying the data of hydrometery stations and using regional analysis of daily and instantaneous 
���K�	���	�����	��	���#	�����#	���	�������#	����#	��	\	�������	�����#���	���#	��� �����+	���#	#�=���+	
��������	����������+	���	����������	��#	����#������	�����	������#	��	���#����	}���+	���	���#	�����#	������	
���	���������#	��	����������	���	�����	��	���#	�����#	����	���	������	��	���#	�����	�����	��#	���#���	
intensity. By applying the model in Hendijan-Jarrahi basin, it was inferred that in this basin the maximum 
���#���	���K	�����	��	�	������	��#��	��������#	�����+	���������	��	������	�����	��	!��#�{��+	���������+	
#��������=	 !��#�{��	 �����	 ��#	 ���	 ��#��	 ��	 �����	 ���#	 �����#�	 ;�������+	X����	 �����	 ������#	 ��	 ���	
�������=	��	>������	��#	���	=���=�=	�������	���#	#��������	���	���	���#	�����#	��	����	�����	���	���	
���K�	X���+	���	���#	�����#	��	��	���	=���	�����	��	���K	��	;�����	��#	#��������=	��	>�������	}��������+	
���#	���������	��#	���#	�����#	#�	���	=���	��	���	����+	��	��	�����#	��	����	�������	���	������	�����	���	
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Keywords: Flooding area, Flood hazard index, Flood intensity, Hendijan-Jarrahi, satellite images.

1.   Associate Prof. of Soil Conservation and Watershed Management Research Institute (SCWMRI). Corresponding Author, Email:  porhemmat@
scwmri.ac.ir , jahanpor@yahoo.com.


	همت.pdf
	por hemat

