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3- Elitist-Mutation Particle Swarm Optimization
(EMPSO)

ol 51 S (V) 29— Joli |y plan o ST ey,
g 4 ol g O C8)yum il Cr coslio o) Sal,
Glaal 4y b Lwly ) 53 (W) cwl Jarass g5lwding lub
gy Sga g8 55 0900 (9l sl Jols o g3l
G g xeipj slacl | jeS c oy (il Ban
53 i (H55Lb 50 SouSG bl 9liS selyd il il (ool
s b (65,9U8” i ) Ol Bpae (54l dlime ()
G,Sygy i) ol ) a8 D505 dlu] Blaal pl e (o wlio
L (Vo) ohlSen 5 plS diged laisdy fowl 00yd)5 &Il Jglaio
2ol 50,8 Sl Gua b as o340 5 663l 51 ool
1y st catS 5980l ey > ol a3 gpddipo 5 (alS
CuiS oS & ay (40,8 aslsl b as” woly L Lmoi W2yS yans
ial33l ¥ aelyd g ond g dd o YEI007, O G ynn 5 dilaie
b )3 3,59y e jl o3l b 35 (VF) Lo 5 ) b
ol Sl oyl @l sy O glie Sy e (w4 558
2 slasls 90 Cuslad pac 1B o5L8 lad cgomme a5 ol
5 gyl b salls (saia i)l (slopraa 5 )5l 39294 o Jaa
Al o Canday o gy 5l ookl b B85 S paena Jos bty
(18) ghlSen 5 sime caetio 3 cuiS (gl (ludinge yolatods
o] 20 5186 Ol By e als i L) s (g2 ydelyy
ooy I8 (5905 (S o o il (iliseo (clacydgioc
Gl g alord pw ¢ loonid 395wV ple ¢ glaslyy o33
ol @l pelwlp a8 )S jlains 353 (lw i 31y (o)
eS (glaslyy o)l 5 Ol (Vb Bpme b (Y guame S digy
Gy (V) Sed 5 lillige Nigd o b dingy EiS 555
ol i b (5L (shyaely il csS 65 (gilding
Gl e 20l )8 arass g 4Vl 035b (o5l ST ol B yae
Y gamo Slydlo g @lsylg ol bl .055,8 ealiil (65,98
S5 5> awaliio b g i) )l 098 (gilJue )3 5 1) (5)5liS
O Gy ctggy S (580 3 15305 s Aty g (obeb S
33 5Y5 3,k Y/FY dgas )3 0a 359l Lald 39 g ialS OV
WM Y5 ave & Ay S (68 0 b e Lili8l
oo YINT g AYINT SOIY SNFT. 5y (g5 5 ddsle 0500
iraebiy 31 00litel U 50 (1) o g il o olais]
Ol 9> 3,8 (e (9] )5S 3 ) Al e 65Nl s
5 wcilises g,k Jloz )3 1) (e 5 ol Cudgime Lol Simgs
s (00,8 oy yad AJgi (g3l yiSTang 005L (gl S Tas 1y o
3 Ol yge e T ()lel (syge 00 3l Lt addlas ()l

1- Linear Programming (LP)
2- Penalty Function
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6- Particle Swarm Optimization (PSO)

7- Seasonal Autoregressive Integrated Moving Average
(SARIMA)

8- Genetic Programming (GP)
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1- Constrained Optimization

2- Static Penalty

3- Dynamic Penalty

4- Classified Dynamics Penalty
5- Differential Evolutuion
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1- Number of Population
2- Mutation
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2- Determination Coefficient (DC)
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1- Root Mean Square Error (RMSE)
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Table 1- Evaluation and comparison of SARIMA and GP models
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Figure 3- Real rainfall time series and modeled using GP
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Table 2- Forecasted rainfall using GP and groundwater recharge
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Year Forecasted rainfall Recharge height Recharge volume
(mm) (mm) (MCM)
1399-1400 467 75.7 130.4
1400-1401 455 75.3 127
1401-1402 448 72.6 125
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Figure 7- Number of iterations of DE and PSO algorithms with three types of penalty functions for 2021-2022
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Table 3- Average number of iterations of DE and PSO algorithms to determine the optimal cropping pattern in 100 scenarios
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Introduction: The occurrence of successive droughts, along with increasing water needs and lack of proper
management of water resources has caused a water crisis that has various environmental and economic
consequences. In addition to the drought, the change in the cropping pattern towards water crops has also made
the water crisis the first critical phenomenon in recent years in the community, which has a direct impact on the
agricultural sector as the largest consumer of water. Therefore, optimizing the cropping pattern is one of the most
important factors in managing water resources and coping with water shortages. In this study, to determine the
optimal cropping pattern of major crops in Silakhor plain in the next three years using two approaches using Linear
Programming and Meta-Heuristic Algorithms.

Materials and Methods: In the first step, in order to determine the optimal cropping pattern with the aim of

maximizing farmers' incomes in the next three years and the limited water and land available, the amount of rainfall
recharge is used as a criterion to determine the water exploitation interval and determine the minimum and
maximum exploitation each year. In order to forecast rainfall, SARIMA time series models and Genetic
Programming were used considering the data of the last 10 years in both seasonal and monthly modes, and
according to RMSE and D.C. criteria, a better model was selected. Then, for each crop year, 100 exploitation
scenarios were determined according to the amount of groundwater recharge caused by rainfall and the amount of
exploitation in previous years.

In the second step, Linear Programming was used to determine the optimal cropping pattern with the aim of
maximizing farmers' incomes and limitations of exploitable water in each scenario and arable land. The price of
each product is projected according to the average long-term inflation of the country, i.e., 20%, and the profit from
the cultivation of each product was calculated as a proportion of the price of the product in each year by examining
the previous years. Finally, the performance of three types of Static, Dynamic, and Classified Dynamics Penalty
Functions into two algorithms, Differential Evolution and PSO was investigated to achieve the results obtained
from Linear Programming. Static penalty functions use a constant value during the optimization process, whereas
in dynamic penalty functions, the fines are modified during the process and depend on the number of generations.
In the classified dynamics penalty, groups of violations are also determined, and the penalty of each response is
determined according to the amount of violation of the restrictions and the generation number.

Results and Discussion: The results show that with increasing groundwater exploitation, farmers' incomes
also increase; However, in the exploitation of more than 223.5, 222.2, and 225.1 million cubic meters for the
cropping years 2020-2021, 2021-2022, and 2022-2023, respectively, the limitation of the total arable land has
prevented the increase of the area under cultivation, and by increasing exploitation, farmers' incomes remain stable.
Also, in order to cultivate four crops of wheat, barley, rice, and corn with the current area under cultivation in
Silakhor plain, 142 million cubic meters of water is harvested annually from underground sources. By optimizing
the cropping pattern for the four crops studied, with the current water exploitation, the income of farmers in the
region will increase by 18%.

In general, the PSO algorithm answers this problem much faster. The average number of iterations of the PSO
algorithm to solve each scenario in this problem is 38% of the number of iterations of the Differential Evolution
algorithm. Overall, in solving this problem, the PSO algorithm has performed better in 84% of the scenarios. In
penalty functions, the best performance in both algorithms belongs to the classified dynamics, dynamic, and static
penalty functions, respectively. By changing the penalty function from static to classified dynamics penalty
function, the number of iterations of the Differential Evolution algorithm to achieve the Linear Programming
solution is reduced by an average of 11%; In contrast, the PSO algorithm did not react significantly to the change
in the penalty function, and its repetitions decreased by an average of only 3%.
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Conclusion: The results show that the cropping pattern of the region is not optimal, and with the increase of
water exploitation, it will move towards the cultivation of water products. Also, by optimizing the cultivation
pattern of the region, farmers' incomes can be increased. Examination of Differential Evolution and PSO
algorithms with three types of penalty functions also show that using the classified dynamics penalty function in
the PSO algorithm can have good results.
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