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Abstract
In recent years, the conflict between environmental interests and farmers'
livelihoods has emerged as one of the most crucial issues in the environmental
and agricultural governance of the Zayandeh-Rood watershed. Hence, achieving a
balance between economic profitability through the use of an optimal cropping
pattern and preventing the excessive extraction of groundwater resources holds
great importance for policymakers in this field. In this study, the environmental
function was modeled by considering water resources limitation, while the
economic function was modeled based on the economic profit derived from the
cultivated crops in Kohpayeh-Segzi Plain in 1996-2011. The Nash function was
optimized by using constrained nonlinear optimization by taking into account the
limitation of water resources in each year. After optimizing the Nash function, the
cropping pattern was determined using both game theory (GT) method and linear
programming (LP) method. Results indicated 30% reduction in water
consumption with the GT and 17% reduction with the LP method. Additionally,
the profit reductions for these two methods were 16% and 3%, respectively,
compared to the base case. Furthermore, the results revealed that the groundwater
level in the representative hydrograph of the plain decreased by 3.94 and 2.23 m
in the GT and LP methods, respectively. Conversely, in the optimized GT method
with an economic function weight of 0.5, the groundwater level of the plain
increased by 8.67 m. Considering the reduction of water consumption, profit
reduction, and the increase in groundwater level, the optimized GT method with a
weight of 0.5 was superior to the LP method.

Keywords: Groundwater table drop, Linear programming, Environmental function, Economical
function, Representative hydrograph of the plain
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1383 1509.93 1510.31 0.38 44.7 231.64 276.35 371.01 647.36
1384 1510.24 1510.6 0.36 42.35 234 276.35 371.01 647.36
1385 1510.62 1510.81 0.19 22.35 254 276.35 431.13 707.48
1386 1510.85 1511.16 0.31 36.47 239.88 276.35 346.47 622.82
1387 1511.21 1510.18 -1.03 -121.17 220.03 98.85 197.08 295.93
1388 1510.07 1509.26 -0.81 -95.29 273.71 178.42 235.2 413.63
1389 1509.2 1509.2 0 0 276.35 276.35 268.38 544,73
1390 1509.19 1508.58 -0.61 -71.76 248.25 176.49 217.12 393.61
ol 1510.59 1510.33 -0.25 -29.93 259.51 229.58 297.26 526.84
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1376 480.35 1 083 073 065 06 057 056 058 059 06 0.61
1377 666.36 1 083 073 065 06 057 056 059 064 074 0.93
1378 416.91 1 083 073 065 06 057 055 054 053 051 05
1379 429.98 1 083 0.73 065 059 057 056 055 054 053 0.52
1380 363.85 1 083 073 065 059 056 053 05 047 044 042
1381 681.45 1 083 073 065 059 057 056 059 064 0.74 0.96
1382 640.56 1 083 0.73 065 059 057 056 059 064 0.74 0.89
1383 647.36 1 083 073 065 059 057 056 059 064 074 09
1384 647.36 1 083 0.73 065 059 057 056 059 064 074 09
1385 707.48 1 083 073 065 06 057 056 059 064 0.74 1
1386 622.82 1 083 073 065 06 057 056 059 064 0.74 0.86
1387 295.93 1 083 0.73 065 058 052 047 042 037 033 03
1388 413.63 1 083 0.73 065 059 057 055 054 052 051 05
1389 544.73 1 083 073 065 06 057 056 059 063 067 0.72
1390 393.61 1 083 0.73 065 059 057 055 053 051 049 046
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1376 480.35 252.48 270.41 280.79 296.92 355.11 415.82 474.93 480.35 480.35 480.35 480.35
1377 666.36 252.48 270.41 280.79 297.33 354.17 415.86 474.59 532.24 590.64 648.58 666.36
1378 416.91 252.48 270.41 280.79 298.85 355.46 416.89 416.9 416.91 416.91 41691 416.91
1379 429.98 252.48 270.41 280.79 297.35 358.99 415.8 429.98 429.98 429.98 429.98 429.98
1380 363.85 252.48 270.41 280.79 297.58 356.11 363.85 363.85 363.85 363.85 363.85  363.85
1381 681.45 252.48 270.41 280.79 296.96 361.01 415.95 473.83 533.35 590.65 648.56  681.45
1382 640.56 252.48 270.41 280.79 298.91 357.24 415.87 474.68 533.07 590.64 640.56  640.56
1383 647.36 252.48 270.4 280.79 298.91 356.78 417.18 474.9 533.65 590.65 647.35 647.35
1384 647.36 252.48 270.4 280.79 298.91 356.78 417.18 474.9 533.65 590.65 647.35 647.35
1385 707.48 252.48 270.4 280.79 297.76 357.22 417.17 474.12 533.68 590.64 648.58 707.48
1386 622.82 252.48 270.45 280.79 299 357 415.83 474.03 534.15 590.64 622.82 622.82
1387 295.93 252.48 270.41 280.79 295.91 295.93 295.93 295.93 295.93 295.93 29593  295.93
1388 413.63 252.48 270.41 280.79 298.26 359.37 413.61 413.63 413.63 413.63 413.63 413.63
1389 544.73 252.48 270.4 280.79 298.71 357.18 416.28 474.08 533.14 544.73 54473  544.73
1390 393.61 252.48 270.41 280.79 295.14 354.76 393.6 393.61 393.61 393.61 393.61 393.61
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1376  614.37 896.57 955.24 994.62 1117.62 1239.8 1358.71 1378.69 1378.69 1378.69 1378.69
1377 614.38 896.65 955.24 993.37 1126.04 1239.84 1366.62 1494.78 1616.22 1740.88 1778.57
1378  614.38 896.6 955.24 994.43 1118.13 124251 1242.57 1242.57 1242.57 1242.58 1242.57
1379  614.38 896.6 955.24 993.57 1121.83 1233.17 1270.19 1270.2 1270.2 1270.2 1270.1
1380 614.38 896.58 955.24 991.33 1116.57 1133.16 1133.15 1134.72 1134.72 1134.72 1134.72
1381 614.38 896.64 955.24 992.71 1121.11 1239.9 1365 1496.96 1616.22 1740.96 1810.36
1382  614.38 896.6 955.24 994.22 1121.08 1243.59 1366.61 1493.12 1616.21 1723.7 1723.7
1383  614.38 896.56 955.24 990.65 1121.12 1240.6 1366.22 1493.66 1616.21 1738.32 1738.34
1384 614.38 896.56 955.24 990.65 1121.12 1240.6 1366.22 1493.66 1616.21 1738.32 1738.34
1385 614.38 896.68 955.24 994.68 1121.15 1239.89 1365.12 1493.15 1616.22 1740.96 1865.18
1386  614.38 896.61 955.24 994.33 1117.33 1239.85 1366.64 1494.3 1616.21 1685.5 1685.5
1387  614.38 896.6 955.24 987.84 987.8 987.8 987.81 987.89 987.89 987.89 987.89
1388 614.38 896.6 955.24 993.49 1120.41 1235.48 1235.52 1235.53 1235.53 1235.53 1235.53
1389 614.38 896.61 955.24 992.63 1121.09 1239.77 1366.46 1489.14 1517.32 1517.32 1517.32

1390 614.38 896.63 955.24 993.56 1109.5 1193.39 1199.72 1199.78 1200.08 1200.08 1199.51
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1376 415.82 1239.8 23066 1480 1633 920 1441 2864 500 396 328 32628
1377 415.86 1239.84 21919 1480 1580 920 2084 2864 500 396 328 32072
1378 416.89 1242.51 22541 1480 1821 920 1422 2864 500 396 328 32272
1379 415.8 1233.17 22950 1480 1600 920 1495 2864 500 396 328 32534
1380 363.85 1133.16 14640 1480 2750 920 2248 2864 500 396 328 26126
1381 415.95 1239.9 23116 1480 1620 920 1461 2864 500 396 328 32686
1382 415.87 1243.59 23111 1480 1581 920 1484 2864 500 396 328 32665
1383 417.18 1240.6 23111 1480 1581 920 1484 2864 500 396 328 32665
1384 417.18 1240.6 23111 1480 1581 920 1484 2864 500 396 328 32665
1385 417.17 1239.89 23113 1480 1625 920 1420 2864 500 396 328 32647
1386 415.83 1239.85 23110 1480 1582 920 1476 2864 500 396 328 32657
1387 295.93 987.8 12118 1480 1728 920 1710 2864 500 396 328 22045
1388 413.61 1235.48 22489 1480 1688 920 1422 2864 500 396 328 32088
1389 416.28 1239.77 23112 1480 1630 920 1420 2864 500 396 328 32651
1390 393.6 1193.39 21065 1480 1585 920 1422 2864 500 396 328 30561
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1376 480.35 1386.26 12118 1480 6320 920 5077 2864 500 396 328 30003
1377 666.36 1778.58 26446 1480 6320 920 5680 2864 500 396 328 44934
1378 416.91 1250.12 12118 1480 6320 920 2358 2864 500 396 328 27284
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1390 393.61 1200.09 12118 1480 6261 920 1420 2864 500 396 328 26287
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