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Abstract  
Water quantity-quality equitable allocation model in river-reservoir systems provides 
the possibility of decision making on the amount of allocated water by considering the 
hydrological, economical, and environmental effects. Water allocation is done according 
to three criteria, namely equity, efficiency, and sustainability by considering uncertainties 
in hydrological parameters. In this method, at first a water quantity-quality allocation 
model was developed in GAMS optimization model based on the mentioned three 
criteria. Scenarios were built based on scenario optimization technique by identifying the 
uncertainties in the model inputs. Water was allocated using the initial model for each 
sub-scenario. Afterward, water allocation in each scenario was obtained by the tracking 
model. To assess the applicability of the proposed method, it was applied to Roodbal 
river basin in south-east of Fars province, south of Iran. After analyzing basic data, 
upstream inflow and TDS concentration were identified as the uncertain input and the 
most critical quality parameter respectively. Due to the existing uncertainty, three 
scenarios of wet, normal and dry year were built. The results of using the proposed model 
showed that 100 percent of the users’ demands are supplied in wet and normal years and 
61 percent in dry years. The volume of reservoir was always more than minimum volume 
(35 MCM) and TDS concentration was lower than 1000 mg/L (TDS water quality 
standard). The value of these three criteria were also at their highest possible. Based on 
the results of the model, the Roodbad River-Reservoir system faces no problem in 
supplying agricultural water demands in wet and normal years. Therefor, water can be 
stored in wet and normal years to be used during dry years. In dry years, water is  
allocated to the users in a way that the mentioned criteria have the maximum values and 
the reservoir storage doesn’t reach the minimum value except for the last month of the 
optimization period. 
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Fig. 1. Flowchart of the proposed method to develop scenario optimization model for water quantity-quality equitable 
allocation in river-reservoir systems 
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' SPI )Karamouz & 

Araghinezhad 2010(
Table 1. Drought condition according to SPI 

(Karamouz & Araghinezhad 2010) 
Situation of climatic drought SPI

Too intense drought -3
Intense drought -2.5
Average drought -2
Poor drought -1.5
Close to normal -1
Normal -0.5 to +0.5
Close to normal 1
Poor wet year 1.5
Average wet year 2
Intense wet year 2.5
Too intense wet year 3
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Fig. 2. TDS variations in Khordad at three QC points 
(2005-2007) 
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Fig. 3. Schematic of agricultural water users in the studied area 
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' ����+SPI ) �N�
�+ $��+ ��� + �$ryq| jrypp(
Tabel 3. SPI in study area (1975-2009) 

Year SPI Situation of climatic 
drought 

1 -2.31 Intense drought
2 -0.38 Normal
3 0.39 Normal
4 1.53 Average drought
5 0.15 Normal
6 -0.27 Normal
7 0.1 Normal
8 0.9 Close to normal
9 -0.34 Normal

10 0.71 Close to normal
11 0.33 Normal
12 -0.69 Close to normal
13 -1.14 Poor drough
14 -0.57 Close to normal
15 0.71 Close to normal
16 -0.16 Normal
17 -0.76 Close to normal
18 -0.72 Close to normal
19 0.29 Normal
20 0.29 Normal
21 2.56 Too intense wet year
22 -0.4 Normal
23 0.37 Normal
24 2.26 Average wet year
25 0.03 Normal
26 0.3 Normal
27 0.26 Normal
28 -2.31 Average drought
29 -1.12 Poor drough
30 -0.38 Normal
31 0.41 Normal
32 0.1 Normal
33 0.78 Close to normal
34 -1.31 Poor drough
35 0.37 Normal

DJ� ���� ���
. � � $��(&� �-���! � 0�+
T ;�L���$ 0�G �$
 �@£"+ .�'
�0Q' �$ 
#%|ja�|jbE
��$�� ��� �?J+ $�Q@9T 


.� L�
G �$ �$�� �
�%��� ��'%�
 �-�%�
����;�3� ��
���
.L�� ��' �>��� 

���� 
��+ 
#��$�9���$ ����-L�
�?�� 
�-����+ 
�?J+ �� $��� M
+�� �7�$ � ��' 
#� 5��� 4��?�� �
-+ M�-.��
 

E
� �$ 
#%�� 
E
+�� � �� � W
���� 
��' E
9T� L�
��� C!"
���) �%+ 09T��$ .����� $��� ������G C�OG �� �?J+ COG 
� � �
E
� 
#%� ;3��+��� �����+ ���
�$�� $��� M#
�� 
�� ?�� 4��� �


 �?��J+ C��OG���� M#
��� ?-
��O�� �� ���!��� .L���� ���!�
�-���+
��� ����
�� ���$ � g 	��7 �%�+ 0�9T�.� �����+ 
�� ����� �� ���' 
�#� �� 

���) �%+ 5
J!���E
�� �$ ��� �� � 
�#%��N�%���� ?��
�g$ C!�"

�!9�-# .$�' 0Q3+ 4��
&H %���+���� 4�
#�

�� �?J+ COG ����+
9� 01��G��
+ �$ �&+ ��� 
#%
6-�
�0Q' �$ .k�� l�� 
�#%qja


�qjd��+�� ����+ ?�� 4������� �
-��>��� �
�.g 
�� ;�'.L��� ��
0Q' � 
#��) ?-
%�-+ � � !"# �+� 4�$ ����-� ��� ��+��� 
C!�"�4

�����
3� MJ� ������ �
%���� 
� ��-���� L-�� �Q��') ;���
%
(
��� �� �$ � �� 
�
.g�+ K
O�� f�.�#$ 

0Q'v����+TDS ���! � ����� �� �$��
 �� �$-�� ;�3� �
�+ �
3� �#$�
9# . �+ �
�a!�� �� ���)������+ 
L���TDS E��! � 


�
O+ ����+ �� �!9� � ��' L��� �@*+ �$ K��� ����� .���!��) ����1
�� K
9� �� L�� !3)�
� 5��+ ��
�$�� $������ ��� �/�� 
� � $�' 

����+ ��TDS )$���� �
�� L�a@_ ��� �!"��� 
5� �$ $�/�+�$���
 ��'
L�� �-�
"G �� ���� 4���:
� L%L�a@_ � L��� ��$�����

TDS � �$-
� �� L�"� ���� 4-
�� �$ .L��� ��:
� R
�� �-R
��� �
�
+ �$ 
�#�-$����� �� �
+-4�����+ ���TDS �� �$ !�3)�
� 5���

� L�$:
��� C!"�L�� �!3
����+TDS �*����.L�� 
�� ��a + ������N�1 K��T ������ �$ E��+ $��Q@9T �� ��a� �$ L

��' �!��)
\�# 8�
� ����+ZN�1 E�+ �$�$� E��+ ��-$���+ 5

�������� .L��) ���1%� E
�+-�
 � �$ ����+ 4-�� ~�6 ;�3� �
DJ���� ����$� E�+ �@-
�� ����� 5
tpr/yyL��� 
�O�� �� .�-

N�1 K�T ������
�$�� $��� 
�� ,����+ ���' �!��) �a� �$ LL��� 

�H�
 g�$�$ $��� %
#+ K���+ X�� 
��&�
�4)��%kF�7� $��' �

N�1 E�+ ���%��� DJ��$�' �$
=!�� �

�� ������ \�# 8�
� ����+
pzv/yv��+ L�$��-�.)� ���6 �� �/�� 
���$�$ 
#%$���
����+

�� _ E�+ �$ ��+� L�$�N�1����� �� L�� �� �&�
-$��Q@9T E�+ 4
�!.�%%��� � M'�6��$�$ �$�!") ^
#$��$ �+ E��+ ����V� ������

N�1 K�T��$�$ �$ L&� �a� �$ �!.� �� 
#�.$� 

!� �+�$� �$-�� R���+ [DJ�����+��DJ� E�+ �$ 
#��9� ��

� ��=��� .L�� ��' �>��� DJ� ����+ 
���9� ��� T���� ���' �$�$ �
�#-;�
 � �$ 
������ ��-� ;3� ��E���/ �$ K�� � E�� E
�
q$
�+ �-
6 ��
' �-���%��.� ���%��� L���T �%�$ E�� E
��

 E��/v
!� .L�� ��' �>���-6 E��+ $���
� �� 07
G [�$
. �3%�$
��� �o�G-E
�$�� ��
�$�� ?
+ �
3��6 E��+ �#$�$
. �3%49�o

 ?����� � 5����@�+ ����G �$ 5� L����=�� ����=G 4!�����) ����a� �$
K�T L�N�1 C!"�� �$ $�/�+ C.+ %
# 

������-�DJ���
�+?9# �
�9n� �� �=�� � ����
�$�� C!"j�?J+.$��$ �� 

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

q�E ��� �W r�kP� 4�� c#	��	 ;..dx.doi.org/10.22093/wwj.2017.34336.1991 
80

	
������� � �� Journal of Water and Wastewater 

�����
���� ����� ����� Vol.29, No. 2, 2018 

��#Ns)��
' ���e� ����+ ��.� � %���-
6 
L���T %
# E�� E
� �$ \�# 8���� ��� ���e� �� �'
� %�� 
Table 4. Changes in equity, efficiency and sustainability due to different weights of objective 

functions in first year 

Year 
Month 

(Persian 
Calendar) 

If, W1=0.5, W2=0.32, W3=0.05 and W4=0.13
Equityindex 

(User 3, FP) Efficiency index (EP) Sustainability index 
(SP) 

1
Farvardin 0.302 1 

0.397 Ordibehsht 0.339 1
Khordad 0.283 1

Year Month 
If W1=0.7, W2=0.12, W3 = 0.05 and W4=0.13

Equityindex 
(User 3, FP) Efficiency index (EP) Sustainability index 

(SP) 

2
Farvardin 0.302 1 

0.356 Ordibehsht 0.283 1
Khordad 0.283 1

Year Month 
*If W1=0.3, W2=0.52, W3 = 0.05 and W4=0.13

Equityindex 
(User 3, FP) Efficiency index (EP) Sustainability index 

(SP) 

3
Farvardin 0.377 0.7 

0.417 Ordibehsht 0.377 1
Khordad 0.377 0.9 

* The coefficients are considered in intial quantity- quality allocation model 

Month (Persian Calendar) 
A: Wet scenario 

Month (Persian Calendar) 
B: Dry scenario 

Fig.4. Performance of reservoir a) Wet scenario and b) Dry scenario 
_e�b)�-�
 � �$ �$ �?J+ $�Q@9Ta� ��
��� (b;3� ( ��
� 
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A: User 1                                                                                                                        B: User 2 

D: User 4 C: User 3 
Fig.5. Ratio of allocated water to water demand for each user (users 1 to 4) 

_e�j)K�
.g 
� E�� ������ �$ ��� �
�� �� ��' �$�$ ��DJ� 5� ����+ L�"� 

Fig. 6. TDS variations at different QC points in dry scenario 
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��#Nj)������ �� ��' �$�$ ��DJ� 5� ����+r
�|) ;3� �-�
 � �$ 5� ��:$
T ��DJ� %
 �+��MCM(
Tabel 5. Water allocated to each user based on equity allocation in dry scenario (MCM)

Year 
Month

(Persian 
Calendar)

User 1 User 2 User 3 User 4 Year User 1 User 2 User 3 User 4

1

Mehr 0.313 0.161 0.238 0.867

3

0.311 0.161 0.237 0.836
Aban 0.234 0.119 0.047 0.548 0.232 0.119 0.047 0.54
Azar 0 0 0 0 0 0 0 0
Dey 0 0 0 0 0 0 0 0
Bahman 0.74 0.857 0.542 0.798 0.721 0.825 0.534 0.774
Esfand 0.868 0.142 0.595 0.851 0.834 0.142 0.585 0.819
Farvardin 0.661 0.472 0.941 0.606 0.586 0.466 0.882 0.606
Ordibehsht 0.944 0.485 0.923 0.739 0.869 0.478 0.871 0.582
Khordad 0.507 0.273 0.229 0.566 0.499 0.271 0.228 0.556
Tir 0.501 0.27 0.371 0.805 0.492 0.268 0.367 0.773
Mordad 0.466 0.249 0.538 0.935 0.459 0.247 0.528 0.845
Shahrivar 0.4 0.211 0.485 0.93 0.395 0.209 0.476 0.844

��#Nl)��
' ����+ ��.� � %���-
6 
L���T %
# (;3� �-�
 �) E�� E
� �$ %�� 
Tabel 6. Equity, efficiency and sustainability indices in the first year (dry scenario) 

Year
Month

(Persian 
Calendar)

Equity index 
(User 1, FP)

Equity index 
(User 2, FP) 

Equity index 
(User 3, FP) 

Equity index 
(User 4, FP) 

Efficiency 
index (EP) Sustainability 

index (SP) 

1

Mehr 0.4 0.26 0.35 0.47 0.6 

0.19 

Aban 0.41 0.26 0.37 0.6 0.6 
Azar 0 0 0 0 1
Dey 0 0 0 0 1

Bahman 0.32 0.18 0.31 0.51 0.6 
Esfand 0.28 0.26 0.3 0.48 0.6 

Farvardin 0.1 0.23 0.2 0.14 0.6 
Ordibehsht 0.21 0.23 0.22 0.19 0.6 
Khordad 0.37 0.25 0.35 0.59 0.6 

Tir 0.37 0.25 0.34 0.5 0.6 
Mordad 0.37 0.25 0.31 0.36 0.6 

Shahrivar 0.38 0.26 0.32 0.38 0.6 
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