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Figure 1-The Schematic locations of different parts of study area
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Figure 2-The annual water demand of different water users in the study area
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Table 1-The crop patterns related to water users of agricultural subsectors

o Crop ol
- . 5 . laaild .

Water  ea8  Glge 0 Sbd aduiie ady oM Gy lSe 3 SBLS e

User &9,

Wheat Grain Corn Sugarcane  Sugar beet  Alfalfa Cereal  Union Citrus Oilseed Other crops

Al 0.433 0.097 0.017 0.228 0.000 0.007 0.042 0.098 0.004 0.003 0.071

A2 0.444 0.114 0.012 0.085 0.038 0.018 0.042 0.139 0.035 0.013 0.062

A3 0.432 0.125 0.017 0.000 0.000 0.03 0.08 0.161 0.018 0.008 0.128
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1- Nash Equilibrium
2- Zimmermann’s minimum operator
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Table 2-The amount of pollutant discharge permit of water users in month i (ton per month)

olo Index of Water User pol 4l
Month Al A2 A3 11 12 13 14 15 16 17 I8

1 531 664 531 1672 4775 4532 531 319 1040 1337 798
2 753 980 786 2303 6613 3591 777 402 1043 879 983
3 561 676 596 1728 5023 2848 623 359 728 856 794
4 478 718 438 1515 4836 2999 558 283 589 845 681
5 630 630 378 1900 2378 1521 484 334 255 459 618
6 867 554 181 2297 2327 1401 443 306 176 331 551
7 943 659 142 2838 2078 1204 375 103 285 480 327
8 537 616 622 1145 2143 1603 568 352 521 698 702
9 625 563 422 527 2835 2452 502 277 578 733 628
10 497 673 520 1391 3889 4071 497 317 862 1237 825
11 541 574 510 1391 3598 3410 512 179 866 1138 442
12 460 540 458 1279 3836 3193 460 367 954 1111 957
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Figure 3-The flowchart of the procedure used in this study
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Table 4- Strategy of players in the game for the case study
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Table 5- The results of bargaining procedure for the case study
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Figure 4-Results of bargaining procedure to achieve Nash Equilibrium
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Table 6-Objectives, constraints, solutions and allocated water to sub-sectors at bargaining process
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Figure 5-Annual allocated water to different water users of study area at Nash equilibrium
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Figure 6-Annual allocated water to different water users using fuzzy programming approach
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Introduction: Due to the rapid rate of population growth, water resource topics wasmainly affected by the
economic and social components, however, the importance of environmental issues in such projects has gained
more attention. As pollution loads are increasing, it has become more essential to incorporate water quality in
water resource management issues. Under this condition, optimal water allocation by considering multiple
objectives of water quality and quantity issues can lead to sustainable and optimal benefit of stakeholders. This
study was done in order to balance environmental and economic concerns in water resource allocation.

Materials and Methods: Based on game theory concepts and fuzzy programming procedure, two new
methodologies were developed for sustainable water resource allocation in river systems. The proposed methods
which include a multi-objective bargaining and fuzzy programming approaches were utilized to analysis
strategies of interaction between environmental protection and economical income. Two groups of players,
consists of player 1 for environmental and player 2 for economic issues were considered in order to apply the
developed models. As players will not be satisfied with the outcome of each other, they will begin the bargaining
process. Throughout the bargaining rounds, players will reduce their expectations. After several negotiations, the
interval between the reset goal values and outcomes will be decreased. The bargaining process will be finished if
final solutions reach to the determined goals. In the study, the Total Dissolved Solids (TDS) were considered as
water quality indicators of environmental objective function, since salinity is the important problem of the study
area. Using crop production function in economic income objective function makes it possible to incorporate
deficit irrigation in different crop growth stages. Since allocation problems include many decision variables,
conventional (non-linear) crop production function will have high computational costs and linear form of it can
reduce the complexity of the optimization model. Therefore,additive (linear) form of crop production function
was taken into consideration instead of multiplicative form. Total pollution load discharged into the river (ton
per year) and economical income of the system (thousand dollars per year) wasconsidered as environmental and
economic values, respectively. During the fuzzy programming procedure, the purpose is to achieve a
compromise solution. In this approach, the individual maximum and minimum values of objectives is used to
define the membership function. This procedure will maximize the satisfaction degree of the constructed
membership functions of the objectives. The presented methodology was illustrated in a part of Karoon-Dez
river system between Gotvand dam, Dez dam and Ahvaz city, as a case study. The area of Karoon-Dez river
basin is about 67000 square kilometers and it is located in the southwestern part of Iran. The selected area
includes 8 agro-industrial and 3 traditional agricultural sub-sectors.

Results and Discussion: Using a linear form of crop production function for calculating the total benefit of
the system leads to significant reduction in run-time of the optimization model and make irrigation programming
possible by regarding crop growth stages and the available water amount. The results of this study showed that
Nash equilibrium, which provides a base for decision makers to choose a strategy, was reached at the fourth
round of bargaining process. Moreover, balance between economic and environmental objectives is available by
reducing economical expectation and environmental concerns from 553636 to 496216 thousand dollars per year
and from 68264 to 87251 tons per year, respectively. In these cases, the annual allocated water to environmental
and economical player will be 6123 MCM (5318 to agro-industrial sub-sectors and 805 to agricultural sub-
sectors) and 6453 MCM (5730 to agro-industrial sub-sectors and 723 to agricultural sub-sectors) respectively.
The results of the fuzzy programming approach demonstrated that at optimal condition, environmental and
economic objective function was 85999 tons per year 500422 thousand dollars per year, respectively and
allocated water to water users are 6354 MCM per year (agricultural and agro-industrial sub-sectors of the system
will be (763 and 5591 MCM per year). Agro-Industrial sub-sector 3 will take the maximum allocated annual
water (1789 MCM per year) and Agro-Industrial sub-sector 5 will receive the minimum annual allocated water
(151 MCM per year). Comparison of two investigated approaches showed that their results are in agreement with
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each other.

Conclusions: Results of applying the developed methodology to the Karoon-Dez river system demonstrated
that it is effective and applicable to determine sustainable water allocation policies. Finding of this study reveals
that the proposed framework can facilitate decision-making process and optimize allocated water to different
water users under conflicting objectives. Therefore, the developed procedure can be used as a managerial tool for
optimal water allocation strategies, which is in accordance with sustainable development approach. It is easy to
apply the presented methodology to other river systems with high pollution loads of agricultural return flows.

Keywords: Crop response function, Multi-objective optimization, Nash equilibrium, Water allocation, Water
quality



