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2 - Shaying 
3 - Range of Variability Approach 
4 - Sojka 
5 - Graf 
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 ��

 �43  ���:! � (OY*+ ��50 + �� �	�
 >� .9�� ��- e���� �>��	G+ �	
� d�*! J�� OY*24  3�_*� )

 ��
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��� �Y	&��24  � =��8+ 3�_*� )

 ��

,
 ���
 .����/	���,�+ �	&�� ���� �8
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) 3,�	&1396Q��?' %&� %&���	8� .( ���	�  ,����U$!�� ��	- �� �� e���� �	
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 ���� 52000 +�@��
��
*F3 ,1& >� Q- �_*� J&��# 
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1 - Catalano 
2 - Slawski 
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 9;U�*2T
��  z8'�&�	[�� ����
���� U$! 9B!�� ��� � G
 ��&�. �	[��&� �� P*��
 (	Dq<� ���
����� �	�

 9B!U$!�� ) =��� �� ��
��� �Y	&�� �� ��1 (�W�����- .9��  

  

 @�<N1: ��2"�+� 3� �>�� 
� n?��� ��Go�� ��# 1�"���<
A 1�AZ[#
� 

���� 
 �+�� �� <L  

I+��  ��2"�+�  �+�
*��PN @?�  �+�
*��PN p�G  q�8#��  <L ���  
 @�L

����1�����  

��>��� ���  

1  k�r# �Y ��	-  03-47  29-36  1350  �2���	�# 1391  j��	��	Y  

2  CA�r# 9��� ��	-  02-47  24-36  1700  ,Y���*� 1388  j��	��	Y  

3  ��	�	Hv  42-46  35-36  1700  ,Y���*� 1388  j��	��	Y  

4  �8&�> "#���	�
���  02-46  54-36  1380  */>��*�  1346  �8&�>���  

5  ��	�Q�
	I  29-46  29-36  1434  ,2�	+ ��
-  1350  �8&�>���  

��  3�:� �F��
 ��>*���	- ��Z*/���&O ��&�	 c�� �� ��JL�Excel m	�� �� ����	�� ��, �	&�� ���� �	
Y �� �	�

|��1�	&�� 3CI��� �	�2�	&�� c���! 33 �	&�� ��&S'���N! �4 �;�	B
��*
  9L�� ���I� N!����	� ��	- �	�

 O&Z*/����� ��&�	 �� �*I� �U� �� ���� ���� e���� >� �:� � C;I �	� Fv� ����� �J� �+,  AB!�k 39�� 

 � G
-.� ) =���2�	G� (,
 �	&�� O&Z*/����� ��	- ��>*� (	� G
 � �*� 3���:! ��8��.�-	�  

 @�<N2 :W>�� 
� n?��� ��j	K� Y+X?(��<
A 1�A���8"L��<� ��2"�+� 3� �>�� �� 
 �+�� 
Q?R 1�A

����  

�����  
 �
9?j>

!�+�N  
W>��  

  ��oG

1��j">� 
<R�� ���
Q?#  

1  Peak flows  �p+��� ,��&O�>�� M×1d 2/km3m ,�� �p+��� d�*�
���� =*< �� ���>�� �	� 

2 Average ���>�� d�*�
 ,�� Avg [days] ,�� d�*�
���� =*< �� ���>�� �	� 

3 Minimum  CI��� ,��&O�>�� Min [days] ,�� CI������� =*< �� ���>�� �	� 

4 Low flows  CI��� ,��9H��>�� Mn7d 2/km3m ,�� CI��� d�*�
 �	�9H��>�� ���� =*< �� 

5 Low flows �Hv �	�>�� ���:! ZeroD [days] �Hv ,�� 	� �	&�� �	�>�� ���:! d�*�
 

6 Flow duration  
 ,��10  �v��m	�� �� 

�	&�� c���! ,8B8
 
Q10  /s3m 

,�� Q�� 	& ����� �� �+ ����A
 >� �!10  c	&� �v��

���� �	&�� =	� 

7  Flow duration 
 ,��50  �v��m	�� �� 

�	&�� c���! ,8B8
 
Q50  /s3m 

Q�� 	& ����� ,�� �� �+ ����A
 >� �!50  c	&� �v��

���� �	&�� =	� 

8  Flow duration  
 ,��75  �v��m	�� �� 

�	&�� c���! ,8B8
 
Q75  /s3m 

Q�� 	& ����� ,�� �� �+ ����A
 >� �!75  c	&� �v��

���� �	&�� =	� 

9  Flow duration  
 ,��95  �v��m	�� �� 

�	&�� c���! ,8B8
 
Q95  /s3m 

Q�� 	& ����� ,�� �� �+ ����A
 >� �!95  c	&� �v��

���� �	&�� =	� 

 
1 - Peak flows 
2 - Low flows 
3 - Flow duration 
4 - Flow variability 
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10  Flow variability 
 (����N! R&�_ d�*�


��r	� 
CV_Day  ]–[ 

 �	&�� �&�	A
 �� ���N! >� ��r	� R&�_ d�*�


 �����	��� ���B�� ���>���A!�)�� %�[�	�
 

11  Flow variability  �	�:
 ���B�� STDEV  STDEV ,�� �	�:
 ���B�����>�� �	�  

12  Flow variability ,[/*Y Skew  ]–[  �	�:
���� @&>*! �� ��	A! ��	
#���>�� �	&�� �	�  

13  Flow variability ,���G+ Kurt  ]–[ 9�� )2&J+	
 ��A� �� ,8B8
 �J�! >� ��	�:
  

14  Flow variability |�� (�-���� Rate of rising  /s3m  %�[�	�
(�	H!	�� ,/�*�
 ���>�� ,�� %�� 9;p
 

15  Flow variability Q+��L (�- Rate of falling  /s3m (�	H! %�[�	�
,/�*�
 ���>�� ,�� %�� ,H8
 �	� 

16  Flow variability  |�� ���:!���� Rising Days  Day ��*:v ,�� 	� ,&	�>�� ���:!  

17  Flow variability  Q+��L ���:! Rising Days  Day ,/�J� ,�� 	� ,&	�>�� ���:!  

18  Flow variability  ��	-s1DC2:/� Flash  ]–[ 

s1D ��	-�	G� �+ C2:/� ���>�� (����N! ��8��

�� ��	���� �� d�*�
 �*<�A!�)��  �	&�� d�*�


��	
# ���� =*< �� ��	���� 

19  Flow variability 

Q�� �	
> d�*�
 ��*� �!

 d�*�
 >� ��	���� �	&��

(�
>��� 

TQmean  ]–[ 
 ,�����L @&>*! ��	A! c�D 9��	�� 	� 	
� ��	����

)+���B�� R&�_ >� �! 

9
� >��&�	, 
���J !$U�� �� �� ��� ��	- ���N!O&Z*/����� �	� ��&�	 �*
># >� T CA��
1 �� c�� ��JL� SPSS

Statistics 15   ��	H���.�&���  

  

  !?�3ST F)"��  

��J�
 ,�	&>�� ���� ��*2� %�[�	�
 ��*;� � ��*� �	�1& 	� ���� ,�/	� �� �:
	� %�[�	�
,
 �	+ �	�:
 ���B�� �+ ���

�-	� =*
T
 �:
	�3 @&>*! �*Y t  �����)1 �� (��*2� ��*
,
 C&�:! ���># (	��� >� ��	H��� 	� OY*+ �	� 3�*-

,
��*2� ���� �*
># %&� >� ��*!)� .�*2� ��	H��� OY*+ �	��� �	���	��� �	�� �+ ,:I�*
 �*
># %&� %�8Y ���

�� ���� .���� ����	+ 3�-	� c*F:
 ��*2� �����	��� �	�� � c*F:
	� �:
	� ��N�
 3�*
># %&� �����	+�:/	�
��*
  �&	�

�Fv	L m	�A
 ���-	� =	
�� �# @&>*! C1- � ��.  �*
># c	T�� ����t ��N�
 3�:/	�
��*
 �Fv	L m	�A
 �� �&	��� 

 �*
># z&	�� �&�G! .�-	�T  �� CA��
�&% (�*v  ���A
 ��� �+ 9��Sig 2+ (����	8:
 ���) ��	�
 	& ��05/0 

�-	�b  ���� �� %�� ����	8:
 �q��� �+ 9�� ,8:
 %&���:/	�
��*
  ��� �+ 9�� ,/	� �� %&� .���� �*��Sig 

G�� (����	8:
 ���) >� ��05/0 � ����	8:
 �q��� ,8:& �-	� ���� �� %��:/	�
��*
  � ,L) ����� �*��

�	h���'2 32010O&�� b3  3���	12� �2017.(  

  

 
1 - Independent Sample T-Test 
2 - Fay and Proschan 
3 - Derrick 
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) �����1(  � =
�̅ − �

�/√
 − 1
 

 3�# �� �+s  ��*2� @&>*! �����	��� �	�� 3���̅ ��*2� ��- ���#�� %�[�	�
 3��μ �:
	� %�[�	�
  �n  ��*2� ���:!

,
k�AB! %&� �� .�-	���	- 3 d;!�
 O&Z*/����� �	�	� ��	���� �	&�� �� ��c��+�� �	[��&� >� 3���
����� �	�

m	�� �� ��
� =	����� �� 3	��� ������ �*
># >� ��	H��� 	� �� e���� >� �:� � C;I �	���-�	&  �� � �- ,�	&>��

.9L�� ���I ���H! ��*
 z&	�� �
���  

  

s�� � e+�"�  

 >� ��	H��� 	�*
># �T CA��
3 ��	- ���N! ��J�
9B! �	&�� O&Z*/����� �	� U$!�� e���� �� �� ,��� >� 

��	�����	� �Y	&�� ��
��� �	&�� ���� �	
Y ���	&�� 3|�� �	��	&�� ��&S'���N! � �	&�� c���! 3CI��� �	�  ��

���� �� e���� >� �:� � C;I �	�������*
,  .9L�� ���I��F+�*<, 19  ���� �	
Y �� �+ O&Z*/����� ��	-

��-�	& ��	- C
	- ����� ���I �	�Max 3Mean 3Min 3Min7Q 3Zero Days 3Q10 3Q50 3Q70 3Q95 3CV3 

Stdev 3Skew 3Kurtosis 3Rate of Rising 3Rate of Falling 3Number of Rising 3Number of Falling  3

Flashinnes  �TQMean c�� �� ��JL�EXCEL �;�	B
��*
  �*
># >� ��	H��� 	� st� � �8�L�� ���IT CA��
3 

��	- (����N! �	���-�	& ���� ��9L�� ���I ,�	&>�� ��*
 �� e���� >� �:� � C;I �	�b  >� O& �� z&	�� �+

��	-) =���� �� 	�3) 	! (7 (�W�����- .9��  

 @�<N3: !�+�N ���J �� ��+VC�� W>�� 
� n?��� e+�"���2"�+� �� a�� 1�A 1�"���<
A 1�A
�(�H���?�  

 ��2"�+�  

 W>��  
 tS�<��
�   
��>�89  F)LhS  (�L��)  F)LhS  (u )  1��L U
��_  

t Sig  t  Sig  t Sig  t Sig  t Sig  

Max -1.04  0.31 0.596  0.58 -0.101 0.92 1.067 0.36 1.43  0.157 

* ,8:
 ,[��;2� ��� �� ���5  3�v�� ** ,8:
 ,[��;2� ��� �� ���1 �v��  

 @�<N4: ��2"�+� �� O
2��
� W>�� 
� n?��� e+�"� 1�"���<
A 1�A
�(�H���?�  

 ��2"�+�  

 W>��  
 tS�<��
�   
��>�89  F)LhS  (�L��)  F)LhS  (u )  1��L U
��_  

t  Sig  t  Sig  t Sig  t Sig  t Sig  

Mean 0.48  0.63  1.354 0.24 0.167 0.847 3.671 0.00** 0.221 0.826 

* ,8:
 ,[��;2� ��� �� ���5  3�v�� ** ,8:
 ,[��;2� ��� �� ���1 �v��  

 @�<N5: W>�� 
� n?��� e+�"�!�+�N ���J Y+X?(��<
A 1�AF_�<R 1�A ��2"�+� ��
�(�H� ��?� 1�"���<
A 1�A  

 ��2"�+�  

 W>��  
 tS�<��
�   
��>�89  F)LhS  (�L��)  F)LhS  (u )  1��L U
��_  

t Sig  t  Sig  t Sig  t Sig  t Sig  

Min -4.3  0.00** 1.112 0.00** 0.984 0.336 0.676 0.52 -2.54 0.00** 

Min7Q -0.4  0.66 1.884 0.12  0.163 0.877 0.888 0.39 0.111 0.912 

Zero Days  0 0 -1.84  0.08  -0.02  0.981 4.149 0.00** -1.18 0.241 
* ,8:
 ,[��;2� ��� �� ���5  3�v�� ** ,8:
 ,[��;2� ��� �� ���1 �v��  
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 @�<N6: W>�� 
� n?��� e+�"�!�+�N ���<# ���J Y+X?(��<
A 1�A ��2"�+� �� 1�"���<
A 1�A
�(�H���?�  

 ��2"�+�  

 W>��  
 tS�<��
�   
��>�89  F)LhS  (�L��)  F)LhS  (u )  1��L U
��_  

t Sig  t  Sig  t Sig  t Sig  t Sig  

Q10 -0.29 0.77  0.55  0.59 1.413 0.173 2.27 0.05* 1.574 0.12 

Q50 0.058 0.07 0.536 0.6 1.754 0.138 0.758 0.47 -3.39  0.00** 

Q75 -6.11 0.00** 3.566 0.01** 2.779 0.11 0.525 0.63 -3.64 0.00** 

Q95 -6.16 0.00** 3.128 0.00** 2.97 0.07 -0.91 0.46 -3.05 0.00** 
* ,8:
 ,[��;2� ��� �� ���5  3�v�� ** ,8:
 ,[��;2� ��� �� ���1 �v��  

 @�<N7: W>�� 
� n?��� e+�"��+�N 1�+56�

P# ���J Y+X?(��<
A 1�A��2"�+� �� !��?� 1�"���<
A 1�A
�(�H�  

 ��2"�+�  

 W>��  
 tS�<��
�   
��>�89  F)LhS  (�L��)  F)LhS  (u )  1��L U
��_  

t Sig  t  Sig  t Sig  t Sig  t Sig  

CV 0.693 0.5  -0.84  0.4 -1.53  0.247 1.475 0.2 3.593 0.00** 

Stdev -0.26 0.8 0.333 0.74 -0.48 0.636 -0.70  0.55 1.533 -  0.13 

Skew  -2.93  0.01** -2.43  0.02* -0.33  0.744 -0.73  0.53 -1.147 0.26 

Kurtosis -1.16  0.26 -0.39  0.97 0.259 0.798 -0.41 0.72 -1.981 0.54 

Rate of rising -0.86 0.4 0.203  0.84 -0.63  0.583 -1.48 0.15 1.465 0.15 

Rate of Falling -0.16  0.87 -1.11  0.33 0.067 0.947 0.726 0.54 -2.873  0.00** 

Number of rising 0.299 0.77 0.518 0.65 0.758 0.517 -0.72  0.54 -1.425 0.16 

Number of 
Falling 

0.299 0.77 0.518 0.65 -0.75  0.517 -0.13  0.91 1.94 0.00** 

Flashinnes  1.566 0.13 -0.09  0.93 -1.91  0.176 -0.13  0.91 5.333 0.00** 

TQMean 0.299 0.77 -0.51  0.65 0.758 0.517 -0.72  0.54 -1.425 0.16 

* ,8:
 ,[��;2� ��� �� ���5  3�v�� ** ,8:
 ,[��;2� ��� �� ���1 �v��  

  

=��� ���	� )3) 	! (7 3(���� z8' �&�	[�� U$! 9B!�� ��3 8:
 ���,���� ��	-	�3 ��&%(�*v �+ 9�� ��� 

Sig  (����	8:
)��	- >� ��2+ 	�05/0  	� �-	�&O  >� ��2+ ��� � ��	��01/0  	� �-	���	���� r	� ���  ��� � �#

��G��  >�05/0 � ���� �-	��� v	� 9
qD, G
�  ���&�� .9��  z&	�� �� ��*! 	���9����
#  �&�	A
 >�Sig 

,
�+ 9H� ��*!  ��� ��1 ��	- �&�	A
 3�� e���� >� �:� ���� �� �v�� CI��� ,�� �	�1  d�*�
 ,�� 3�>��

 3���>����, 50 375  �95  �v��m	�� �� 	&�� 	� �	�>�� ���:! 3�	&�� c���! ,8B8
 R&�_ d�*�
 3,[/*Y 3�Hv �

�	����N! s1D ��	- � Q+��L ���:! 3Q+��L (�- 3��r	����	8:
 (�	H! 3C2:/� e���� >� C;I ���� �� 9;�� �

 ��� �� �+ 9�� ,/	� �� %&� .9�� ��-�� ��5 ���� �� 3�v�� �&�	A
 %�� �� e���� >� �:� � C;I �	�

��	- ,�� �	�10  �v��m	�� �� )� .���� �*�� ���	8:
 (�	H! ,[/*Y � �	&�� c���! ,8B8
 ,���� �� %�8Y

 ��J�
U$!�� 	[��&� z8' %�� �� �� e���� ��:/	�
��*
�	[��&� 3  CA�r# 9��� ��	- ���
�����2+�&� � %&���	[� 

��	� ���
������G�� Q�
	I %&�U$!�� ,
 �	G� ��.�8��  
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Abstract  
Rivers are the naturally dynamic features of the landscape that exhibit different characteristics at specific times 
and in different places as the response of different environmental factors. Dams are among the most important 
man-made structures along the rivers that can make major changes in the river regime and ultimately in the 
entire drainage basin. Therefore, the purpose of this study was to investigate the change of hydrological flow 
indexes under the dam effect (pre and post-dam periods) using an Independent T-test in southern rivers of Lake 
Urmia. For this attempt, at first, nineteen hydrological indicators of the flow discharge were calculated in four 
main groups including Peak flows, Flow variability, Low flows, and Flow duration. Then, the effect of dam 
construction on pre-and post-dam periods before and after the construction of the dam on the hydrological 
parameters of the flow was analyzed using an independent T-test. According to the results, the values of 1-day 
minimum discharge, average daily flow in the period after the construction of the dam were significantly 
different in the period after the construction of the dams. Also, the amount of flow at 10, 50, 75, and 95% 
exceedance levels were different based on Flow Duration Curves constructed for pre and post dam periods. 
Meanwhile, the number of days zero flow, skewness, average annual coefficient of variation, Falling rate, 
Falling days, Flashinnes index, had a significant difference compared to the period before the construction of the 
dams. Also, the effect of dam construction on the five studied stations, the lowest effects of dam construction 
was related to Alasagle-Rast hydrometric station and the Sariqamish hydrometric station had the most effect 
under the dam construction. Construction of the dams has the effect of changing the hydrological parameters of 
the river region, which can harm plant and animal species. Therefore, the effects of human activities (such as 
dam construction) provide the possibility of making logical management decisions that can play an important 
role in optimizing the exploitation of rivers.  
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