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Optimum Crop Patterning by Integrating
SWAT and the Harmony Search Optimization
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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 model 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.
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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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Fig. 1- Harmony Search algorithm
90y g o 598 lednig, ) S

EZRE

v
S

[F32°00'N

Legend
A Karkheh dam ®
I Karkhe river basin

River

@ Hamidieh climate station
I: Azadegan plain |

T T T T
0 15 30 60 90

1
120 Kilometers

T
46°00°E

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
Yoof GYAAA Ll Jold so o551 culs 45 dilale (W3, tawgie —Y JSW5

g 55 b ptel)ly cpl Qbslcunl 3,8 4y paie Jgae o sl
wiysS) s SWAT-CUP 5 35360 sl sbs yolisly sl
a Y o Sy &y Sy gl sily anl 05 plol SUFI-2
Sl alale 5y —yuoes oad &l joolie (wlal g alls &yaw
936 ©)lig GBS )3 0ad (I Jgame g g O o at
ol 5 SWAT e _omisly el G i 505 e (WWAY)
(Prily & a2 g5 b oS 0ad Ly pei S mpe (1S0le Ay (B
() blas s Jpame 3055 5 ly (3,05 s sl Joo

g o a5

)

s 2 ims 2
RMSE =W, \/izg;l (ETP™-ETP™) + W, /(YObS'-YS‘m')

9 ol ol lie J9..a.>m ul)...o W)J LY YSim' 9 YObS' UT » LY

oy iy & ETOPS GETI™ il o 0l (gjlodund

Al o0 015 (65031l g 0 (g jlwarnd dilale 2Bly 5y — s

5 Olie g Y pazme Mg pre B 4 g L oS 0l
e dulie ool Jio (oxiwly Y gaxe (ly (5
50 BBl oaids plodil uaie 93 opl sl (Slwle o (Slaalie
&g, bl (6503l (ly 2] N5 cusd y3 &S cul
bl oxdas CUlg, ol s o iy el 13 g 42315 393

Wl el

d‘)’. SWAT JJ.A LY BH- S UL\» 3 LB"|9*" Dg>g L'):’J L
I, Jod B ol 55 Oy, (6,505l olSiuy] ey sloades
G5~y g Jgae (e (Ariwly Caa bl 3 s e (LS
kel p 8 b eyl b ocul p)¥ Y game il
O > gd QB b jiall o jiere g ol (reCamlue
Fagelly 5l (S0 SWAT Jao 13 o oy alS slajiel )l
ool polie ol 48 At I, 08 50 (5 ks (60 S g oo
laszelyl oyl poolie D95 palas Slllas dibaie lsdly b 3sllas

VS 50l O 0 )lowd codd jaw Jlw ¢yl 32l O golio ol
Volume 13, No. 3, Fall 2017 (IR-WRR)

YA



ow jadls Sl oS LAIMX2 5 S ) moaw Gollas
Sy o Cgllas dang (xxie (9 3 pod dhai 4 bgype S p
ExSoilul g Slasbre polie o oxiwly lles plodl b ail o
By 35— Gemed g OV gae (i b psie 0l
Gy Jpame e ¥ S load dwnlie ()05 L olals
s o ) b 550 LS Wiy 0y clesl o cudby LB
S)l9 )15 ) el ord (5831l olia olyars o (g3luanns

by oads duwlee gulis 090 g0 otalie ¥ SS 3 oS G5555ken
30 RIS 53 b anlie olis b J3 1B Jysean s
(ol (o dis) (Slanline g o (Glodund 3y — e Sl a5 £
Syl o 03l LS dges laie 4 9> 5 s WY guaze (gl
aS 01335 duslie g odel Cownts ol pl wlie j5 Y guame plo

ol 0133, a5 G yo Ll &l

Ol 5 3%~ sloysiie 0jy w4 W2 Wi culyl
9 ) )gl).g W1 )Jbl.an s 9 (W )I odlawl L MLL;Q c_:\jy.a?bo
255 5 (ool pleg yalie A5 4B S L5 3 VO ol W,
» Fely lam Y gaze (Bly 3)55 — s g Jpaze Wy

sl 0 11T g

Canj Coms b g (il 5l eolatwl (5y90 00 :BIO_E & Joio o
¢Wc5).3 chw (edls Jewily Slas (BLAL (6550 4 \‘o393
S o LElS 4y g9, Sy peaus &S 5, s 51 (S DLAI
sy JS slaad 5 oS L 5 0LS Ay Juabd 5 (6 S :FRGRW1
Sy o ol dnng gl A b olie by oS
ooty S 31455 §1 (6 puS L g obS 15 s 5| g S FRGRW2
Oy gl ol &S LS sladsly JS slaai :HEAT_UNITS
Sl g puS LAIMXT iy py asls tHVSTL o)l 5l g6y &

Table 2. Values of parameters obtained in SWAT's calibration procedure
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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
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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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Water Penalty = a((, X, A;. WA/Available Water) - 1)
Penalty = (31X, A;/Total Area) - 1) Area (YY)
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Max NB =[Y A;.B;.C; -
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Table 3. Results obtained for simulation of the Azadegan plain in the present situation (base scenario)
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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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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

i Solel (3 o5 b 295 0 panltio V) SS ) &S pglailen
o Gl L e 5 ol 03,8 Ly nlS 0105 4 (ol 350
O Bos Ol 18l piomen sl 0 oS (d U dgw o)
o3l L VY S ) JiSa 53 sy Jpamme baugie ()]

—Silod Jho kg & o)l O Gos )3 s Jlasl ()b |
abis 4y vl )oSl LT a5 ol salgs LS 6 ond Mg (ojlwa
@5 9y 2 Ol ol ol al oyt b Gl o) i
Gilloo () gl 4 CES 8 0 3)90 po g2)lies Sl el sty

Ll 0l

e VY S b

Average Annual Profit (Billion Rials)

0.8 0.9 1 11

Irrigation Depth Variation

Fig. 11- Effect of variation of the irrigation depth on the average annual profit
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