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Abstract

In arid regions, excessive use without proper management put
water resources under immense pressure and multiple stresses.
Finding a good strategy for water resources management is
essential to preserve sustainability in such regions. This study
aimed at optimizing the water use for the agricultural crops in
the Eshtehard watershed in Iran, where the aquifer is a strategic
resource for irrigated agriculture and is facing intensive
drawdown due to over extraction. A hydro-agronomic
simulation-optimization approach is used for surface and
groundwater modeling in which the agricultural production
and water level variation are simulated by linking SWAT and
MODFLOW and the optimal crops pattern is searched for by
the PSO algorithm. The crops’ area and their irrigation water
consumption are the decision variables with the objective of
maximizing the net benefit gained from the crops’ yield while
the groundwater drawdown is limited to a pre-defined stability
level. Results showed that in the optimum state, irreparable
damage to groundwater depletion is reduced. To this result, a
part of area cultivated by winter wheat and cotton must be
replaced by winter barley which results in reduction of the
groundwater extraction for winter wheat, winter barley and
cotton by 45%, 7%, and 10%, respectively. Also, after the
application of these changes, the profit from winter wheat and
cotton crops decreased by 35% and 13%, respectively, and that
for barley increased by 49%, which generally increased the
production profit of irrigation products by 4%.
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Table 1- Irrigation calendar for three dominant irrigated crops of wheat, barley, and cotton in the Eshtehard
plain
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LULC Calender Jan Feb  Mar Apr

May

Jun Jul Aug Sep Act  Nov Dec

Plantting
WWHT Irrigation

Harvest

Plantting
WBAR Irrigation

Harvest

Plantting
COTP Irrigation

Harvest
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Fig. 1- Location of the Eshtehard plain and (A) Land use map (B) Soil map (C) Slope map and (D) SWAT
representation of the Eshtehard watershed
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Fig. 2- SWAT sub-basins and MODFLOW grid cells integration process
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Table 2- SWAT’s calibration parameters used for discharge and crops yield simulation and the best values
for groundwater and surface water, soil and agricultural management

90 00l Cowd 4 15lo o 5o 9 Y guasmo 3o 9 OUlgy ygaw! w8 (5150 SWAT 3 o3liaw! 3 )90 (1 yiol,b - Jou>
$329 WS o e 9 S ¢ s g (Swoj s SBOT HU8, 4 Fwly

Parameter Definition Initial range Final value
Subsurface water response
ALPHA BF.gw Baseflow alpha factor (days) 0-1 0.11
GW_DELAY.gw Groundwater delay (days) 0-500 31
Threshold depth of water in the shallow
GWQMN.gw aquifer required for return flow to occur 0-5000 4560
(mm)
GW_REVAP.gw Groundwater "revap" coefficient 0.02-0.2 0.13
REVAPMN.gw Thresh_old dep'tlh of V\I/'ater in the shallow 0-500 166.66
aquifer for "revap" to occur (mm)
RCHRG_DP.gw Deep aquifer percolation fraction 0-1 0.63
Surface water response
CN2.mgt SCS runoff curve number 35-98 87
CH K2 rte Effective hydraulic condL_Jctivity in main -0.1-500 102,65
- channel alluvium
Soil properties
SOL_AWC.sol Auvailable water capacity of the soil layer 0-1 0.18-0.18
SOL_K:.sol Saturated hydraulic conductivity 0-2000 1880
SOL_BD.sol Moist bulk density 0.9-25 0.9
SOL_ALB:.sol Moist soil albedo 0-0.25 0.1
Plant management WWHT WBAR COTP
Rate of decline in radiation use
WAVP efficiency per unit increase in vapor 0-50 20.975 40.275  47.575
pressure deficit
ALAI MIN Minimum leaf area |ndex_for plant during 0-0.99 0.406 0.000 0.661
- dormant period
EXT_COEF Light extinction coefficient 0-2 1.541 0.043 1.685
Fraction of the plant growing season
FRGRW1 corresponding to the 1st. The point on 0-1 0.684 0.499 0.567
the optimal leaf area development curve
BIO_E Biomass/Energy Ratio 10-90 89.000 81.640  79.400
BLAI Max leaf area index 0.5-10 9.368 2.053 6.917
HVSTI Harvest index 0.01-1.25 0.084 0.266 0.178
Fraction of the max. Leaf area index
LAIMX1 corresponding to the 1st. the point on the 0-1 0.322 0.404 0.332
optimal leaf area development curve
Fraction of the max. Leaf area index
LAIMX2 corresponding to the 2nd. the point on 0-1 0.017 0.009 0.447
the optimal leaf area development curve
DLAI The fraction of growing season when leaf 0.15-1 0853 0232 0220
area starts declining
T_OPT Optimal temp for plant growth 11-38 13.552 33.828  26.863
T_BASE Min temp plant growth 0-18 2.961 1.251 0.801
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Fig. 4- Calibration and validation results for discharge at the Asefodoleh hydrometric station
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Table 3- Calibration and validation error for steady and unsteady state models
Mkl Jhuly Juo (2uwnCons o (Suwly ;5 (Tl sbd (50 Y Joua

Groundwater State Error RMSE MAE ME
Calibration 0.755 0.632 0.014
Steady state _
Validation 0.901 0.768 0.156
Calibration 1.309 1.015 0.370
Unsteady state
Validation 1.211 0.998 0.302
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Fig. 6- Average annual irrigation amount in the present and optimum situations for (A) wheat, (B) barley
and (C) cotton
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Fig. 7- Average annual crops’ yield in the present and optimum situations
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E Fig. 8- Variation of the irrigated crops’ area in the
i present and optimum situations
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Fig. 9- Average annual net benefit obtained from the irrigated crops’ yield in the present and optimum
situations
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Fig. 10- Groundwater unit hydrograph in the present and optimum situations (2011-2015)
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Fig. 11- Average seasonal variation of aquifer recharge considering precipitation and irrigation in the
present and optimum situations
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Fig. 12- Variation of the aquifer recharge in the present (PS) and optimum situations (OS)
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