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Article Info ABSTRACT
Avrticle type: Background and Objectives: One of the main factors in the economic and
Research Full Paper social development of any country is water reserves and potential.

Comprehensive and comprehensive knowledge of water resources is a

Article history: prerequisite for optimal and sustainable use of these resources. In Iran, due

riicie history- to the lack of rainfall in most of the watersheds and the limited water
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Revised: 05.29.2023 resources, codified planning to know the possibilities and limitations of

Accepted: 07.01.2023 water resources with the aim of optimal utilization is very necessary and

inevitable. Today, one of the basic strategies for managing water resources

in the agricultural sector is to choose the appropriate cultivation pattern and

Keywords: determine the strategies for the optimal allocation of agricultural water. In
Net economic profit, the conditions of limited water resources and abundance of cultivable land,
Non-dominated sorting the goal should be to increase the efficiency of water consumption and
genetic algorithm, optimal use of limited water resources and obtain the greatest economic
Strategic cultivation, benefit.

Water consumption

Materials and Methods: This research was conducted on the cropping
pattern of the Gonbad-e Kavus region in Golestan province, using the
irrigation network of the Golestan Dam for four major autumn crops
(wheat, canola, barley, and triticale) in the agricultural years of 2017-2018
to 2020-2021. A multi-objective optimization was performed using the
non-dominate sorting genetic algorithm (NSGA-II) with the objectives of
maximizing net economic profit and reducing water consumption. Initially,
by considering the minimum values of the cropping pattern and using
various computational steps, the maximum net economic profit and the
amount of stored water were calculated through a bi-objective optimization
method. In the next step, the net economic profit obtained from the stored
water was optimized using a single-objective optimization method. Finally,
the best computational step was selected by combining the values of
bi-objective and single-objective net economic profit.

Results: The results showed that the computational steps for each year
were not the same, and the maximum net economic profit obtained by
observing the minimum allowable cropping pattern and stored water
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(bi-objective optimization) and the maximum net economic profit obtained
by optimizing stored water in the previous step (single-objective
optimization) were calculated with different computational steps,
considering the calculated annual profit. The results obtained from the
maximum net economic profit and stored water based on the minimum
allowable cropping pattern, bi-objective optimization (maximum net
economic profit and maximum stored water), and the results obtained from
single-objective optimization of stored water were accumulated. By
considering the accumulated net economic profit from bi-objective and
single-objective computational steps, the best net economic profit was
achieved. Furthermore, despite the reduction in cultivated area and
allocated water in the agricultural years of 2019-2020 and 2020-2021, an
increase in net economic profit was observed compared to previous years.
In the year 2020-2021, due to the lower allocated water compared to
previous years and the optimal cropping pattern being on a negligible area
of the target year's cultivated area (83.85 hectares), the highest net
economic profit was achieved with a 138% increase in profit. This was due
to the increase in product prices compared to the costs, increasing income
greater than the increase in costs.

Conclusion: The results of the present research showed that the use of
multi-objective optimization methods has a good performance to obtain
more economic profit by managing optimal allocated water consumption.
Also, taking calculated steps by the officials and organizations of water
users to manage the allocated water reserve and achieve the maximum net
economic benefit will increase employment, reverse migration, and achieve
a higher level of social welfare. According to the observance of the
minimum strategic cultivation of wheat and the increase of rapeseed and
triticale fodder crops, the current model has an optimal and appropriate
performance in terms of ensuring food supply chain security and the point
of view of non-agent defense.
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Figure 1. The location of the Gorganrud River basin and the Golestan Dam.
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Table 1. The area under cultivation of autumn crops (hectares) and allocated water for crops at different
water year (million cubic meters).

bl janass Ol S o I 5 = s p kS Jb
Total allocated water Total Triticale Barley Canola Wheat Year
31696000 7924 42 266 254 7362 1396-97
29796000 7449 57 227 380 6785 1397-98
28672000 7167 95 206 267 6600 1398-99
28372000 7093 155 215 271 6452 1399-1400
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Table 2. The amount of yield of autumn crops (tons per hectare), the amount of allocated water for autumn
crops (cubic meters per hectare) and the limitation of cultivation of autumn crops (hectare).
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Cultivation restrictions allocated water Yields Crop
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5000 4000 4
Wheat
|
200 4000 2 5
Canola
150 4000 4 =
Barley
A 5
30 4000 35

Triticale
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Table 3. The selling price of fall crops (kg Rials), the cost of producing crops per hectare (Rials per hectare).
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Crop Crop

1399-1400 1398-99 1397-98 1396-97 1399-1400  1398-99 139798  1396-97
f.x;f f"‘f

00166960 68640000 45840000 40560000 50000 22000 14700 13000
Wheat Wheat
15 155
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Canola Canola
74250000 50856000 36316000 32136000 = 23798 16300 11639 10300 >
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530N cl leang ¢l bl Ess K
Ml p pd g0 Sy 4wy bl e
Sy 3 Wl sl 5 S e sla s
Al g S Sl LS S SE5 e S
3 S OT bl &S s eslinal syls a3,
s adlaie ol OV pame g SIS WSS
A
VAT Jle 5o b ol sl Wl g e Ol
oA b S5 2o S g giledng (s
EIES) .ja.sz Y4V 9 \EaY O Lgl.ﬁ:dl.w 3 9 ‘>J5
Al ey anw g O oKl s ol
Silone @lr bl Jray SO Sd e, S)
ol JolSS Slaslons 5 S5 ey Sl e
sl Ll e Giss Sl i 0 S
SApE S S ol S e U8 Cab
O SaSee bl ronl sbaiss
3 umuwuwwkﬁcu@}&m

Sl S s Olea S oMle el

1- John Henry Holland

YA

Slar b 4 0dis s s e Lol Sl S

2 Sl OF) ol ilueag (ouslis
Cilke G w4 Oy Slae 4 (IS e ke
sl 4§ L s ladd 5 blussdee lul
S 8w e el 8 Gl ks
S e e dlee ol e
5 Sas &b Ll Ol e s Sl Sl
L) s e LS 1 e lacas s oule
S G e Ul ileang S8
Lo dl Sl B oS e 1 sl
S Gl 00) 250 wdy ol Jead
oslasl abex 5l ke Glaal s wouiS
olel o Ll e &S Conl amecan; 5 slan]
oy Blake 5 BaSS Gl gl S
il slagz ) S Woles ¢ 5 elal 8 558
Glas LON) 2ol sy we Sl L Gl
s K (.;w;ﬁ\ 308 wdd el Slallas
Slegbse 5o St b s edamy Fles luang
s e Sk oA sbdle s 08U
S5 w3 (Y0) 4B 515 OIS ey



OIS0 g cuol i [ e AST b CullS o) dbaaiy (g 5luodinge

LS o 3Lus 1 paises S Suo s Olsew
b sde map Olse a s W Ol SO
26 Dl a4 S i S 035 Ol 2 e
e Ses ol ol (Y0) Wwls S e
G (Cmer S 5o sgmse Slapsises S
L b S oSS e b paisesS
eSS s el ws s sl S
Ses Jsone sk 4 diil g s lapsiges S
3 kS o Jos Lpsises S 5l Cdr S S5 S5
Sahe M oCdr gl L4 e LS
5l glasl W lp € Sl gl Shas
Slallae gillae (YO) Wigy o ) 4 oy l5 oSS
Gilwing > S5 w8 508 el el
2 OSLS Slossse 5o o 5 sdamy Jiles
B OIS sy ax s s S 2t sladls
(Y0) ol as S
R e N
Sl it Slda (p gd 50 Sk 5 S5 o5 5
o Sl allas ol s Wl sl 5 (S e
A eslinal S5 an, SIS S g oS
Tl il ke 4 esliil 55 gla il
Sl e dadr 3 S S g iS5

ol 0

3,10 ) SIS Gla gy Cudsdoms &S (iluang
(Y e) cl s C\.Lf\
L ile Sl (g s s slaly 02,51
ol s e slgld leang odmn Pl ol
23bg 5 s sl 3 S5 Gl )
gt 53 &S el bapgises S 5 WOS bl
Obe 53 e Sl 8L Gl 05,5 Sulda ol
sladi (Yo) S5 0 J;..SJJB slacl s J.<3.>
kol polie a G gl (S S e
2t sla byl sl <=US A0S el
Lol Slaie funs 5 ol S ola szl )
e 05 Olge cos (L)l Sae o o 28
J I S P\ WIS e ERpE 0505 ,S Ky s
0255055 S Su s (Lol 45 se)
Kb o SIS (glansy, LIB 5 &S 55d s rb,dl
3 e (S5 e, S s sl (YY)
(V) ol 5o 5550 (Bolial ojs0 4 Lap i S
Sl s ool S5 o) rb».? Sl las samms
4 Carer S iarar (Y1) Sl sy ge s
U asde sbml Lapsises S Sl as semme danls
IS bl a e sl S
&b Sl sl ey s (K3 6“&)}—@
AU ol (T sps bl dles OF 6l (Sl

ho shhel Ky o5 SN sla il yl —E gk
Table 4. Parameters of non-dominate genetic algorithm.
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Table 5. The net profit of autumn crops separately for each year (billion Rials).
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Table 6. Computational step, the area under cultivation of autumn crops (hectares), water consumption,
water storage, maximum optimal profit, net profit difference.

s 2
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) S }\ po % 5] A g
g Q TS ;2 g e
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o @ 2 =2 ~ o » T g =
- 8 2 Hg 3%
J 0O 2 E 2 B ~ o
5 5 2 -
g = 2
3 2
=
1.50 7310.51 362.48 191.49 3411 7898.60 31.59 101608.72 97.07 1.54 2
2.00 7090.85 485.39 224.19 66.78 7867.20 31.47 227182.90 99.64 4.11 4
2.50 6946.69 624.26 247.42 89.34 7907.71 31.63 65165.61 103.05 7.52
3.00 6811.83 752.12 215.32 116.53 7895.81 31.58 112765.06 105.93 10.39 11
3.50 6711.75 866.66 197.71 129.22 7905.33 31.62 74665.47 108.39 12.86 13
4.00 6458.00 991.69 290.87 153.78 7894.35 31.58 118616.84 110.86 15.33 16
450 6400.12  1114.67 200.33 159.68 7874.79 31.50 196823.26 113.13 17.60 18
5.00 6278.35  1255.64 185.27 192.78 7912.04 31.65 47833.134 116.92 21.39 22
5.50 6123.56  1354.82 209.27 223.68 7911.33 31.65 50690.195 119.40 23.87 25
6.00 579155 151041 382.68 233.03 7917.67 31.67 25313.11 121.99 26.46 28
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Table 7. Computational step the area under cultivation of autumn crops (hectares), water consumption,
water saving, Optimum net profit is almost equivalent.
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150 7203.65 354.07 214.63 34.50 7806.84 3123 047 95.83
2.00 6827.33 481.06 229.11 66.72 7604.22 3042 1.28 96.54
250 6343.68 623.81 231.10 89.12 7287.71 29.15 255 95.98
3.00 6025.63 747.71 150.53 117.55 704141 28.17 353 96.26
350 5582.35 875.32 180.34 130.64 6768.65 27.07 4.62 95.62
4.00 5217.49 990.68 274.33 152.83 6635.33 26.54 5.15 96.46
450 5015.43 1124.12 190.64 160.65 6490.83 25.96 5.73 9751
5.00 5014.88 1257.59 186.96 185.27 6644.70 26.58 5.12 102.25
5.50 5060.50 1375.65 225.15 225.38 6886.67 2755 4.15 108.04
6.00 5020.55 1509.93 366.34 232.98 7129.79 2852 3.18 113.01
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Table 8. Computational step, the area under cultivation of autumn crops (hectares), Optimum net profit of
saving water.

Slbs oIS oS Iyls e I 5 : <dkij‘ 2lkee) o 3 .%‘T ot oAl 3y

Computational step Wheat Canola Barley Triticale Sum Optimu m(gﬁt“grnzfgfoéis;; r)age water
1.50 0.02 61.24 0.00 54.88 116.15 3.87
2.00 0.32 237.55 0.78 77.16 315.81 9.79
2.50 0.10 533.14 0.00 99.54 632.77 19.12
3.00 0.00 759.75 0.95 106.24 866.94 25.88
3.50 149.77 867.90 0.70 132.71 1151.09 31.71
4.00 89.56 995.69 1.55 157.84 1244.64 35.66
450 0.91 1117.63 109.00 165.65 1393.19 39.41
5.00 1.759041 1093.737 0.910182 181.7945 1278.20 38.38
5.50 0.537657 813.1373 0.146325 218.5016 1032.32 31.73
6.00 0.199484 541.4296 0.032346 236.1942 777.86 24.62
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Table 9. Computational step, the difference in the total area under cultivation, optimum net profit is almost
equivalent to, optimum net profit of saving water, total net profit Net profit difference.

G DL A s ) ot 3o B
Cis s ) o agy alls s - Lo
25 gl Joles Lo 25 ' oA 2 = Sl 3 goe M
Sl o8 ( ) (AL, s)bke) o 3 o .
A ¢ Lo (Ao ys) LAl
R (JLl) QJL:L':‘> - (J\; W) (Jki) b)L:‘L:"’) b
Computational  The difference , Optimum net 2 2 . Net profit
! Optimum net rofit of storage Net profit NeLp
step in the total L p 9 Total net . difference
profit is almost water (billions I difference
area under . - profit (billions - (percentage)
- equivalent to of Rials) : (billions of
cultivation S . of Rials) .
(billion Rials) Rials)
(Percentage)
1.50 -0.01 95.8326493 3.868633 99.70128 4.171068 4.366229
2.00 -0.05 96.53974494 9.790547 106.3303 10.80008 11.30541
2.50 -0.04 95.97903169 19.11578 115.0948 19.5646 20.48001
3.00 -0.20 96.2562999 25.87713 122.1334 26.60321 27.84796
3.50 -0.05 95.61729238 31.70748 127.3248 31.79456 33.2822
4.00 -0.56 96.45650142 35.65686 132.1134 36.58315 38.29485
4.50 -0.50 97.51214517 39.41276 136.9249 41.39469 43.33152
5.00 -0.01 102.2465434 38.37943 140.626 45.09575 47.20575
5.50 -0.06 108.0428395 31.72837 139.7712 44.24099 46.311
6.00 -0.21 113.007434 24.61613 137.6236 42.09335 44.06287
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Table 10. Crop year, final computational step, the area under cultivation of autumn crops (hectares),
water saving, optimum net profit is almost equivalent.
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2
1396-1397 5 5014.88 1257.59 186.96 185.27 6644.70 5.12 16.14 102.25
1397-1398 4.50 5087.08 1690.92 203.51 249.34 7230.85 0.87 8.75 137.81
1398-1399 45 5002.78 1158.21 162.67 402.38 6726.04 1.77 15.12 194.22
1399-1400 35 5095.88 925.49 134.69 539.32 6695.38 1.59 15.50 552.57
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Table 11. Crop year, final computational step, the area under cultivation of autumn crops (hectares),
optimum net profit of saving water.

L;“L/ Jls
Crop year
28 Slwls o8
Final Computational step
L8
Wheat
5
Canola
B
Barley
Iz 5
Triticale
Eaa
Sum
(U 35Ue) 0,53 Ol gy s 3 por
Optimum net profit of saving water

1396-1397 5 1.759040504  1093.736687 0.91018221  181.7945473 1278.20

w
oo
w
@

1397-1398 4.50 0.02 0.13 0.01 214.53 214.69 12.93

1398-1399 45 16.34010525  0.166489819  0.06106465  421.4497069 438.02 43.32

1399-1400 35 0.00 0.06 0.01 313.69 313.76 226.35
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Table 12. Crop year, net profit for the target year, the cultivated area of the target year, final computational
step, total optimal cultivated area, net profit of final optimization, net profit difference.
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