oyl ol aobe wlidod
Iran-Water Resources
Research

Optimum Crop Patterning by Integrating
SWAT and the Harmony Search Optimization
Algorithm
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Abstract

This study suggests a structure which is based on developing a
mathematical model for simulation of complex relationships
among water, soil, plant, and climate along with the
optimization of irrigation allocation and crop pattern planning.
SWAT model was employed to bear the task of simulation and
HS algorithm took care of the optimization of the water usage
and crop pattern. Also, two scenarios were aimed to investigate
this approach. In the first scenario (base), the crop pattern was
the variable of the model while in the second one it was
predefined as the existing situation in the target plain. The
objective function of the coupled model was to maximize the
net profit subject to the total available land and water
constraints. Results obtained by the developed maodel showed
that the net profit gained in the plain has a potential of increase
up to 213% and 23% in the first and second scenario,
respectively. The water consumption-decreased 28% and 48%
respectively for the first and second scenarios comparing to the
present situation of the plain. Accordingly, the performance of
the HS-SWAT model indicated its capability for solving the
optimum crop pattern.and irrigation planning problems.

Keywords: Water Allocation Planning, Crop Pattern, SWAT,
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Step 1
Initialization parameters of the problem and
algorithm optimization HS (HMCR, PAR,...).

]

Step 2
Initialization of the HM
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ry
The new harmony realizes a
NG better optimization
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Step 5 Step 4

Stopping criteria

Update the HM

Fig. 1- Harmony Search algorithm
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Fig. 2- Location of the Azadegan plain, Hamidieh weather station and Karkheh dam, Khuzestan Province,
Iran
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Table 1. Characteristics of agricultural crops in the Azadegan plain (IWPC, 2010)
(IWPC, 2010) oEsl3l cudd yd (5;59UiS oY grasmo Oladuive —Y Joua

Harvest and Kill

Crop Season Length

Crop Planting (date) (date) (day) Market Price (Rials/Kg)

Wheat 1-Dec 20-May 170 2066
Barley 1-Dec 10-May 160 1844
Tomato 1-Dec 20-Apr 140 1758
Corn 20-Jul 20-Nov 120 1928
Rice 10-Jul 20-Nov 130 6333
Cucumber 10-Feb 10-Jun 120 1534
Bean 20-Jul 20-Nov 120 3423
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Fig. 3- Monthly average precipitation in the Azadegan plain during 1998-2004
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Table 2. Values of parameters obtained in SWAT's calibration procedure
SWAT Jue > c¥guazme ddgi (im0 2 )5 ;3 ol (Biwoly (1 yial )y jlada Y Jga

Parameter Barley Bean Corn Cucumber Rice Tomato Wheat
BIO_E 35.00 22.08 39.00 60.80 4.25 83.88 34.85
BLAI 5.50 6.01 6.11 421 5.70 7.30 3.51
DLAI 0.50 0.88 0.98 0.35 0.99 0.41 0.81

EXT_COEF 0.20 0.40 0.60 1.09 0.57 1.40 0.34
FRGRW1 0.09 0.07 0.06 0.07 0.08 0.09 0.06
FRGRW2 0.400 0.625 0.597 0.410 0.212 0.399 0.735

HEAT_UNITS 2598.0 2803.8 2793.6 1189.6 2224.7 1065.3 2466.2
HVSTI 0.400 0.457 0.832 0.804 0.727 0.834 0.732
LAIMX1 0.000 0.265 0.061 0.263 0.207 0.267 0.316
LAIMX2 0.80 0.80 0.60 0.98 0.83 0.65 0.69
25
20
s 15
E
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N | L
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Fig. 4- Comparison between simulated and observed yield of the crops
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Fig. 5- Cucumber’s observed and simulated actual evapotranspiration during the growth period
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Fig. 6- Barley’s observed and simulated actual evapotranspiration during the growth period
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Fig. 7- The HS-SWAT flow diagram
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Water Penalty = a((, X, A;. WA/Available Water) - 1)
Penalty = (31X, A;/Total Area) - 1) Area (YY)
D oo duwbro (VW) daleo b sllas GBia &b cdls ol 0
()

Max NB =[Y A;.B;.C; -
= ZiT:il Ai.WAJ]:.WP] - Water Penalty - Area Penalty

Table 3. Results obtained for simulation of the Azadegan plain in the present situation (base scenario)
(40l (599 yUaw) SWAT o ;5 53151 Culdd 39590 229 (5 wdansd 31 Jools guls -Y Jouo

Crop Yield (kg/ha) Net irrigation depth (mm) Area (ha) Annual water consumption (m®)
Barley 2302 252 3351 16889040
Bean 1162 493 1938 19108680
Corn 7077 506 2934 24227280
Cucumber 20078 380 2634 20018400
Rice 2982 848 1915 32478400
Tomato 16816 170 1437 4885800
Wheat 4577 274 7331 40173880
Sum - 2923 21000 157781480
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Table 4. Results obtained by the HS-SWAT model in the first scenario
Jol 925w )3 HS-SWAT Jus slyal 5l Jeols gl -F Jous

Crop Yield (kg/ha)

Net irrigation depth (mm)

Area (ha)  Annual water consumption (m®)

Barley - -
Bean - -
Corn - -
Cucumber
Rice - -
Tomato - -
Wheat - -

Wheat - -

112980000
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Table 5. Results obtained by the HS-SWAT model in the second scenario
09> 592, 13 HS-SWAT o slya! 51 Jeols zls -0 Joao

Annual water consumption

Crop Yield (kg/ha) Net irrigation depth (mm)  Area (ha) (m3)
Barley 2227 84.2 3351 5640986
Bean 911 225.3 1938 8733457
Corn 6862 299.5 2394 14338217
Cucumber 19982 268.5 2634 14145702
Rice 2899 447.2 1915 17129238
Tomato 17160 94.0 1437 2702322
Wheat 4626 124.6 7331 18270054
Sum - 1543.3 21000 80959977
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Fig. 8- Comparison of the crops irrigation in the base and second scenarios
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Fig. 9- Comparison of the crops yield in the base and second scenarios
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Fig. 10- Comparison of the water balance components in the base and second scenarios
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Table 6. Results of the sensitivity analysis on wheat’s irrigation depth
oS oL gl (o5luw] 3590 O yl5me) (5ol O ok (59 3 Camlues Julowi guls -5 Jgun

Varie_lti-on Water allocated Average water stress (day) Yield Annual3 ne_t profit
Coefficient (MCM) (kg/ha) (10° Rials)
1.2 161.0 0.5 4,491 73,588,447
1.1 147.6 0.5 4,490 73,934,184
1 134.2 3.9 4,670 77,420,702
0.9 120.8 6.9 4,534 75,411,814
0.8 107.3 9.2 4,179 69,626,242
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Fig. 11- Effect of variation of the irrigation depth on the average annual profit
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Fig. 13- Effect of variation of the rainfall depth on the average annual profit
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