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Figure 1. Geographical location of Qarehsou Basin.

1- Positive mathematical programming
2- Game theory
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Figure 2. The rainfall trend of Qarehsou Basin.
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Table 1. Different scenarios of water resources exploitation in Qarehsou Basin (MCM).
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Table 2. Net income, optimal crop area and economic value of water for different water resources exploitation
scenarios.
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142 166 189 213 237 Water Resources Exploitation
(MCM)
Ry
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b
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Soya
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Potato
e o
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corn
I5ls
1682.7 1853.8 2024.6 2195.6 2426
canola
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Tomato
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1172.07 1523.1 1901.4 22524 2587 A
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55795 59652 63351 67479 70523 Cas
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Table 3. Percentage changes in cropping pattern relative to maximum exploitation in different scenarios.

Sl s sl

Scenarios
Sals g als Sals Y UT;//\ ' ¢;'>,—5 Sl Crops
o . o . o . () aximum
40% Reducing  30% Reducing  20% Reducing Reducing exploitation
Ry
-18.5 -13.66 8.99 4,08 - f
Wheat
-12.6 936 -6.39 313 - G
Rice
b
20.5 1521 -10.07 470 -
Soya
313 2271 -14.86 621 ; S
Potato
e
215 -15.58 9.47 -3.49 - e 03
corn
|.
30.6 23.59 -16.55 9.50 - *
canola
28.9 21.74 -15.07 7.91 - S
Tomato
39.9 27.42 -15.36 34.89 . >
Barley
54.6 41.12 26.50 12.93 . =
Cotton
20.8 -15.41 -10.17 432 - o
Total
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Table 4. Normalized payoff matrix of the two players.
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Water Resources Exploitation (MCM)
Lo b el
2300000 2430000 2520000 2660000 2730000 (o 05be) = 22
Net income (million Rials)
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Net income (Normalized)
N O g
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Table 5. Computational results of the Non-Symmetric Nash solution with varying weight selections.

e gl sl Ll s s il okl ik e DU 055 sl Sl 0

(e e ) (e o) Envi;onrrintal Economc:cs Weight of Weight (.)f

Water resources Net income returns (f) returns environmental _ cconomic

exploitation (MCM) (million Rials) impacts (W2) impacts (W1)

237 2730000 0 1 0 1
220 2710000 0 0.905 0.025 0.975
216 2700000 0 0.905 0.05 0.95
212 2700000 0.007 0.905 0.075 0.925
209 2690000 0.034 0.894 0.1 0.9
207 2690000 0.06 0.869 0.125 0.875
204 2680000 0.087 0.845 0.15 0.85
202 2680000 0.113 0.82 0.175 0.825
199 2670000 0.14 0.796 0.2 0.8
197 2670000 0.166 0.771 0.225 0.775
195 2660000 0.192 0.747 0.25 0.75
193 2660000 0.219 0.723 0.275 0.725
191 2650000 0.245 0.699 0.3 0.7
189 2640000 0.271 0.674 0.325 0.675
187 2640000 0.298 0.65 0.35 0.65
185 2630000 0.324 0.626 0.375 0.625
183 2620000 0.337 0.601 0.4 0.6
181 2610000 0.35 0.577 0.425 0.575
179 2610000 0.403 0.553 0.45 0.55
177 2600000 0.429 0.528 0.475 0.525
175 2590000 0.456 0.504 0.5 0.5
173 2580000 0.482 0.479 0.525 0.475
172 2570000 0.509 0.455 0.55 0.45
170 2560000 0.535 0.43 0.575 0.425
168 2550000 0.562 0.406 0.6 0.4
166 2540000 0.588 0.381 0.625 0.375
164 2530000 0.615 0.356 0.65 0.35
162 2510000 0.642 0.331 0.675 0.325
160 2500000 0.669 0.307 0.7 0.3
158 2490000 0.696 0.282 0.725 0.275
155 2470000 0.723 0.257 0.75 0.25
155 2460000 0.75 0.231 0.775 0.225
154 2440000 0.777 0.206 0.8 0.2
153 2430000 0.804 0.181 0.825 0.175
152 2410000 0.832 0.155 0.85 0.15
151 2400000 0.859 0.13 0.875 0.125
149 2390000 0.887 0.104 0.9 0.1
147 2380000 0.9 0.078 0.925 0.075
144 2330000 0.9 0.071 0.95 0.05
142 2310000 0.9 0.071 0.975 0.025
142 230000 1 0 1 0
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Abstract

Background and Objectives: The excessive use of water resources, particularly in areas where
water resources are scarce and demand is much higher, has led to clashes between the various
stakeholders that benefit from water extraction and water allocation. Most decision problems in
natural resources management involve opposing objectives such as maximizing economic profit
and minimizing negative environmental effects. Current research aims to find a compromise
solution between economic and environmental objectives in Qarehsou reservoir basin; in order
to set a balance between these goals.

Materials and Methods: Qarchsou basin is an important agricultural center in Golestan
Province. Assessment of changes in water levels indicates an increase in water extraction,
especially groundwater in such basin. In order to achieve economic and environmental goals,
five scenarios were analyzed, including 10%, 20%, 30%, 40%, and the maximum withdrawal of
water. Then, optimal cropping pattern and optimum amount of water extraction were
determined, using positive mathematical programming model and asymmetric Nash solution,
respectively. In this research, the two primary stakeholders, or players, are economic benefit,
whose payoff goes to the local farmers (player 1), and the reduction of water resources, whose
payoff goes to the community residents (player 2). The total water extraction volume is the
decision variable.

Results: The result of applying positive mathematical programming indicate that the cropping
pattern has changed toward more profitable crops. According to our results from a game theory
application, we observe that the optimal decision will depend on the relative importance weights
assigned to the conflicting objectives. When economic benefit is considered as the only
objective, the optimal groundwater withdrawal is at its maximum level. On the opposite
extreme, when only the environment is considered, the optimal groundwater withdrawal
decision is to extract the minimum volume of groundwater. Given the equal weights for
economics and environmental goals, the optimal extraction of water resources is 175 million
cubic meters. Accordingly, the amount of water extraction can be reduced by 27% to achieve
environmental goals.

Conclusion: This study illustrates how game theory can be used to obtain tradeoffs in a
straightforward and understandable manner to facilitate an objective assessment of benefits to
the various stakeholders and decision makers. Based on the results from our game theory
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application, in a case of equal weights which are given to both economic and environmental
impacts, the optimal withdrawal of water resources is less than the current withdrawal.
Therefore, the economic benefits should be balanced with associated negative environmental
impact of water withdrawal.

Keywords: Asymmetric Nash Equilibrium, Game Theory, Positive Mathematical Programming,
Qarehsou Basin
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