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Abstract

Population growth causes an increase in the use of water in
different sectors. This increase demands for new strategies for
optimal water resources management. In this research, a tri-
objective model was developed to maximize the economic
benefit, maximize the reliable water supply, and minimize the
water withdraw from aquifers. In the proposed model, four
aquifers and Zarinehroud dam reservoir were considered as
elements of the water resources system. Based on the
allocated water, water requirements, and maximum vyield of
each product the production function were defined and the
economic benefits of the regions in the study area were
determined. Using NSGA-II algorithm, Pareto trade-off
curves for objective were derived presenting various
scenarios of cropping and economic benefit functions in
Zarinehroud basin. Since the points on trade-off curve cannot
simultaneously satisfy the three objectives, optimal point was
selected using Borda aggregation method and integration of
five multicriteria decision models’ results. Comparing the
current and optimal allocation results demonstrated that we
gained 42.5% water save by applying proposed model. In
addition, comparison of current and optimal economic benefit
showed that the benefit was increased from 1,137,730 billion
IRR to 1,285,971 billion IRR (13% increase). The result of
this research can be used in other basins to decrease the
agricultural water use while increasing farmers’ income by
optimal cropping pattern.

Keywords: Optimal cropping pattern, multi-objective model,
economic benefit, optimal allocation, Zarinehroud.
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Table 1. Ranking of points on optimal trade-off curve using MCDM methods
MCDM jl a3l b dhger J3L3 (Fodio (595 sDNga sauad; =) Jgoa

Method
) ) CP=1 CP=; CPow TOPSIS M — TOPSIS COPRAS WASPAS
Alternative (Solution)
1 128 124 107 127 20 132 130
2 12 3 5 4 135 10 35
47 11 6 10 6 137 9 37
48 15 29 41 23 126 14 41
135 1 1 9 1 144 1 13
136 135 137 144 133 8 117 55
144 116 130 111 115 21 114 91
30
= Total demand - - Groundwater —— Surfacewater
25
5
< 2
§
T 15
2
% 10
=
5
0
Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar.
Month

Fig. 3. Monthly optimal allocated surface and groundwater resources to Saghez area
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Fig. 4. Percentage of optimal cropping area in four regions studied
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Table 2. Comparison between the percentage of selected crops for optimal and current conditions in the

study area
Wy D990 0390 S 13 39390 Judg g Akt tasl i Cud Lo oY guato CuiS 1§ o )d (o du o - oo
Crop Wheat Alfalfa  Apple  Grape Onion Walnut  Tomato  Watermelon Apricot
Existing 35.4 30.87 10.55 6.11 3.35 2.28 1.64 1.58 1.32
Optimal 6.34 1.2 2.25 4.49 1.4 4.8 3.9 45 3.65
Crop Fedd . .
Mai Potato Almonds Pea  Cucumbers Peach Sunflower Grain maize Cherry
aize
Existing 1.26 11 1.05 0.87 0.83 0.81 0.37 0.36 0.29
Optimal 4.8 2.19 5.24 4.84 3.58 39.84 1.05 2.77 3.14
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Table 3. Comparison between the optimal and current water to demands (MCM)
(MCM) 392 90 Lo pud 9 it &1 (amads om0 oy dan e - Jou

Allocated surfacewater

Allocated groundwater

Zone No. of zone
(Current)  (Optimal)  (Current)  (Optima)
Saghez 1 7.2 30.7 74.23 36
Takab 2 59.97 18 2.22 40.5
Saeinghaleh 3 41.48 18.37 0.03 16.92
Myandoab-1 4 159.15 21.22 111.7 85.8
Myandoab-2 5 311 246.38 125.72 0
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