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Abstract

Increasing water demands and insufficient water resources has
became the main reasons of raising water conflicts among
stakeholders in Sefidroud basin, Iran. Sustainable allocation of
water resources with viewpoint of economic efficiency and
social equity is necessary to reduce these conflicts which is
assessed in this study. Setting the sustainability of water
allocation as the model constraint guarantees the minimum
environmental requirements in water resource planning. In this
study, a multi-objective programming model was developed to
supply the requirements of the environmental, industrial and
agricultural sectors in Sefidroud basin. The objectives of the
model were to maximize the economic benefit efficiency for
the development of improved water allocation strategies as
well to maximize the water allocation equity (measured by
using of the Gini coefficient). NSGA-I1 algorithm was used to
solve the developed multi-objective programming model. The
best solution among pareto front was selected according to
equilibrium viewpoint due to considering economic efficiency
and social equity among stakeholders simultaneously.
Additionally, two scenarios were defined in terms of the rate
of water loss and available water to assess the developed multi-
objective programming model. The results showed that river
basin authorities should decrease the rate of water loss and
increase the available water to improve water allocation
efficiency and equity. Additionally, the decrease in available
water had highest impact on water allocation equity, but it had
least impact on economic benefit efficiency. Furthermore, it
should be considered for implementing water-saving policies
according to critical conditions of water resources.
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Table 1- Water use for the different sectors of stockholder provinces in Sefidrud River basin (unit:x10 m®)
(o pho (ygalae o> 1) 39y 52l dudgn 2ilsd aliw] 4> Bl (51 st byl pidlie ) Jgo

Province Domestic Industrial Agricultural Environmental  Total
GW SW GW SW GW SW
Guilan 20.4 3.1 2.8 15 59.6 777.5 555.5 1420.4
East Azarbaijan 215 1.0 0.1 0 1114 257.0 330.4 721.4
Ardabil 8.7 0 0.1 0 47.1 81.3 164.2 301.4
Zanjan 57.1 1.2 11.2 0 634.0 314.2 487.3 1505.0
Kordestan 21.6 0 0.6 0 443.8 144.4 186.7 797.1
Hamedan 2.5 0.02 0.2 0 52.7 6.4 39.9 101.7
Qazvin 2.6 0.3 0.8 0 158.6 119.1 367.4 648.8
Tehran 1.7 0 0.3 0 47.6 31.2 34.3 115.1
Total 136.1 5.6 15.4 1.5 1554.9 17312 2165.7 5610.4

Table 2- Average economic benefit per unit of water consumption in the industry and agriculture sectors
(unit: Rials/m?®)
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Province Industrial Agricultural
Guilan 8363 1559
East Azarbaijan 17302 1423
Avrdabil 17302 1328
Zanjan 12535 1336
Kordestan 66705 1343
Hamedan 13694 1481
Qazvin 69698 3194
Tehran 26158 2829
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Table 3- Minimum and maximum water demand for the basin stakeholder (unit:x108 m®)
(eeSo pio galuo cauns 1) adgn yladiyd O LS LS 9 S8l Y Joo>

. Allocation Agricultural Industrial ]
Province qmax am max min max min Environmental
Guilan 1207.3 778.9 1201 7775 6.3 15 555.5
East Azarbaijan 1083.4  256.9 1083 256.9 0.4 0 330.4
Ardabil 265.4 81.3 265 81.3 0.4 0 164.2
Zanjan 2110.3 314.2 2085 314.2 25.3 0 487.3
Kordestan 1368.5 144.4 1367 144.4 1.5 0 186.7
Hamedan 124.6 6.4 124 6.4 0.6 0 39.9
Qazvin 574.3  119.1 574 119.1 0.3 0 367.4
Tehran 159.8 31.2 159 31.2 0.8 0 34.3
Total 6893.5 1732.2 6858 1735 355 1.5 2165.7

Note: d™, d™" are maximum and minimum demands of the water use
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Fig. 4- The pareto front of NSGA-I11 algorithm
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Table 4- The values of decision variables in option 1

(unit: Mm?®)
) 4935 00 ponad S paitio p3lio —F Jouo
province Surface Q Q
allocation agricultural industrial

Guilan 1099.1 799.7 45
East

Azarbaijan 486.6 359.6 0.3
Ardabil 136.7 147.7 0.3
Zanjan 456.4 863.1 13.2
Kordestan 448.8 645.9 0.9
Hamedan 331 85.2 0.6
Qazvin 402.3 275.3 0.2
Tehran 92.2 65.5 0.8
Total 3155.2 3242.0 20.8
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Table 5- Economic evaluation of option 1
V 38 53 ol Coway gl (g3l b0 -0 Jgsr

. cultivated sum of economic benefit agricultural benefit industrial benefit
province Value L — AT S
area (ha) (million rials) million rials million rials/ha (million rials)
current 1340646.4 1304953.2 15.7 35693.3
Guilan 83230 -
optimum 1284267.7 1246793.1 15.0 37474.6
East 46039 current 526754.8 524246.0 11.4 2508.8
Azarbaijan optimum 517244.8 511690.9 111 5553.9
. current 172118.36 170180.5 12.1 1937.8
Ardabil 14093 = timum 2021294 1961775 13.9 5951.9
. current 1405143.1 1266801.9 133 138341.3
Zanjan 95402 optimum 1318804.4 1153104.3 121 165700.2
current 830477.5 789987.5 132 40489.9
Kordestan 60055 optimum 928060.6 867550.2 144 60501.4
Hamedan 5500 current 89378.9 87023.6 15.6 2355.4
optimum 134050.1 126258.2 22.6 7791.9
. current 890892.5 885386.4 36.8 5506.1
Qazvin 24028 optimum 896250.6 8792443 36.6 17006.3
current 231332.6 223066.7 33.4 8265.9
Tehran 6685 optimum 205002.8 185279.7 277 197231
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Table 6- the values of decision variables and economic benefit in option 2
Y 4u35 45 (63LaiBl dgw g paonad S ko pdlie —F Jouo

) Unit: Mm3 Unit: Million Rials
province
Surface allocation | Q agricultural | Q industrial | EB agri EB indus
Guilan 1098.6 799.2 3.8 1245887.3 31879.8
East Azarbaijan 487.1 359.7 0.3 511814.7 5848.1
Ardabil 137.4 147.6 0.3 196020.8 5813.5
Zanjan 435.8 863.4 135 1153526.4 168884.1
Kordestan 450.7 647.4 0.9 869407.2 59834.4
Hamedan 33.0 85.2 0.6 126179.7 7819.3
Qazvin 360.6 275.8 0.2 880930.8 16518.4
Tehran 84.4 65.9 0.8 186397.2 19749.3
Total 3087.6 3244.1 20.4 5170164.0 316346.7
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Table 7- The values of decision variables and economic benefit in option 3
Y a5 30 6oLaiBl dguw g paowad (S iio p3lio -V Jou>

. Unit: Mm? Unit: Million Rials
province - - - - - - -
Surface allocation | Q agricultural | Q industrial | EB agricultural EB industrial

Guilan 1099.5 800.5 4.6 1248004.4 38419.6
East Azarbaijan 486.2 358.4 0.3 509960.5 5553.9
Ardabil 136.6 146.6 0.3 194679.5 5727.0
Zanjan 494.2 862.4 11.6 1152119.6 145932.5
Kordestan 438.3 642.4 1.2 862727.1 79645.8
Hamedan 41.5 84.7 0.6 125399.2 7791.9
Qazvin 405.3 276.6 0.2 883402.9 17285.1
Tehran 93.6 64.9 0.6 183684.1 16244.1
Total 3195.2 3236.4 19.5 5159977.4 316599.9
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Table 8- The values of objective functions in Defined scenarios
D By 23 gy Uuw > Bud &l p3lie —A Jgan

Obijective Function  baseline 1.15AW 0.85AW 10%Loss Rate 40% Loss Rate
G 0.208  0.202 0.281 0.209 0.272
EBE 0.185  0.220 0.184 0.281 0.170
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Fig. 8- The values of water allocation in scenarios of available water
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Fig. 9- The values water allocation in scenarios of water diversion loss rates
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Table 9- Comparison of economic evaluation in defined scenarios
b By pi gWgy \Lw (e0LaB] b, o lio - Jgus

optimal economic benefit (x 10Milion rials)

province
baseline 1.15AW  0.85AW 10%Loss Rate 40%Loss Rate
Guilan 13 1.3 1.2 1.4 1.2
East Azarbaijan 0.5 0.5 0.4 0.5 0.5
Ardabil 0.2 0.2 0.1 0.2 0.2
Zanjan 1.3 1.5 11 1.2 1.2
Kordestan 0.9 0.7 0.6 0.8 0.8
Hamedan 0.1 0.1 0.1 0.1 0.1
Qazvin 0.9 1.0 0.6 0.8 0.7
Tehran 0.1 0.3 0.2 0.2 0.2
Total 5.4 5.7 4.4 5.2 4.9
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