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ABSTRACT: In arid and semi-arid regions, like Iran, water is one of the main factors limiting
economic development. In the present study, a new high-performance method was used for optimal
water allocation in the agricultural sector from 2007 to 2016 years. Election Algorithm is an iterative
population-based algorithm, which works with a set of solutions known as population. The results
of this method were compared with the results of the Imperialist Competitive Algorithm (ICA). The
objective function was determined for each product in the agricultural sector as well as product
performance, each product benefits and cultivated area of the demand function, then maximization
of the objective function and optimal water resources allocation were performed using EA and
ICA algorithms. The results of the application of the EA and ICA algorithms to the optimal water
allocation problem showed that in this section, higher benefits could be obtained through economic
policies as well as changing the cultivation pattern. Generally, in the case of Moghan plain can be
expressed by applying a coefficient of 0.9, 135 Billion Rials, that is, about 40% of the optimal water
resources allocation benefits improving between the agriculture sectors compared to the current
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1. INTRODUCTION

Water is a vital resource for any biological and human
phenomenon. in arid and semi-arid regions such as Iran,
agriculture is dependent on irrigation. Therefore, water
resource scarcity is one of the most important factors that
can affect the development of the country, so, new methods
of water allocation needed. Water allocation is the amount of
water that is specified by the Ministry of Energy for various
uses in each of the study and catchment areas, in terms of the
previous consumers and communicated to companies [1].

Water allocation should be economically viable in ideal
conditions. Therefore, there is a need for an appropriate water
allocation system in which water is considered as an economic
and social commodity [2].

The research has shown that time series models,
optimization algorithms, artificial neural networks and other
modern and new methods have the highest efficiency in water
resources allocating and optimizing. The study finding of
researchers using new methods such as GAPSO, PSO, multi-
objective bargaining, fuzzy programming and other modern
methods with the aim of maximizing economic benefit,
show that, with optimal water resources allocation between
different sectors (agriculture, industry and services) can
increase benefit in the central of Iran by up to 56% [3-5].

According to the research, the agricultural sector has
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the largest share of water resources consumption. Therefore,
in this paper, the nonlinear purpose function, based on the
amount of water consumed in the agricultural sector, was
formed as the most important user of water resources. Also,
in this section, limitations and constraints were considered.
Given that the objective function and other constraints
followed the nonlinear process, therefore, in solving this
problem, the Election algorithm (EA) was used to improve
the economic situation by maximizing net profit for water
optimal and water resource allocation. Also, the results were
compared with the Imperialist Competitive Algorithm (ICA).

2. MATERIAL AND METHODS
2.1. Case Study

Moghan plain is a plain northwestern Iran and the
southern part of the Republic Azerbaijan. Moghan is a large
plain located in the north of Ardebil province and the west of
the Caspian Sea between the longitudes of 47.5° and 48° E.
and the latitudes of 39.20° and 39.42° N. The highest density
of irrigation canals is in the section of the Moghan plain which
lies in the Republic Azerbaijan (Figure 1). The most common
crops in this region are wheat, barley, maize (three types),
and cotton. The present study used the data pertaining to the
period of 2007-2016 including those on the annual input flow
into the Aras dam reservoir, the average annual flow of the
dam, the average monthly storage, the average annual water
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Figure 1. The geographical location of the Moghan plain

volume, and the average annual water allocation. The demand
for water allocation from the Aras dam comes from the
drinking sector, downstream lands of agriculture, industrial
sector, and the environmental sector. As previously mentioned
and according to the data available, the highest amount of
water is allocated to agricultural sector (mainly consumed
for irrigation of the downstream regions), Since the number
of water requirements was not, consequently, changed in the
industrial, drinking and environmental sectors, the water was
allocated to the Aras Dam in the agricultural sector. All data
on evaporation and transpiration, the water requirement of
cultivated plants as well as conventional farming practices
of the region were derived from the Irrigation and Drainage
Exploitation Company of the Moghan plain.

2.2. EA Algorithm

EA begins its search and optimization process with a
population of solutions. Each individual in the population
is called a person and can be either a candidate or a voter.
Forming a number of parties in the solution space, people
can participate in their preferred party. Then these parties
begin their advertising campaign. Advertising campaign
forms the basis of this algorithm and causes the persons to
converge to the global optimum of solution space. During
advertisements, popular candidates attract more voters
using various techniques. Therefore, the unpopular ones lose
their supporters and might resign from the election arena.
Advertisement causes the persons to converge to the global
optimum of solution space. On election days, voters cast their
votes and the candidate that attains the most votes would be
announced as the winner [6].

2.3. ICA Algorithm

Pseudocode for the proposed algorithm is as follows [7]:

1) Select some random points on the function and
initialize the empires.

2) Move the colonies toward their relevant imperialist
(Assimilating).

3) If there is a colony in an empire which has a lower cost
than that of imperialist, exchange the positions of that colony
and the imperialist.

4) Compute the total cost of all empires (Related to the
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power of both imperialist and its colonies).

5) Pick the weakest colony (colonies) from the weakest
empire and give it (them) to the empire that has the most
likely to possess it (Imperialistic competition).

6) Eliminate the powerless empires.

7) If there is just one empire, stop, if not go to 2.

The input of data in raw form reduces the speed and
accuracy of the model, so the inputs and outputs must be
standardized between 0 and 1; hence the data are normalized
as Eq. (1):

3)
Y, =—9_ X <0

i
omin

In which, Y, X, Xo  and Xo  are standardized,
observation values, minimum observational and the
maximum observational values, respectively.

2.4. The objective function

Since after the beginning of the growing season, the
cultivating area and agricultural costs remain constant,
the objective function is determined to maximize the
gross revenue from sales of crops as well as minimizing
the losses caused by shortages in the allocation of drinking
costs, industries, etc. Therefore, the objective functions are
equations (2) to (4):

Maximize: TB—-TCE -TCS (4)
4 8
TB = Zz (Y*A)* (5)
=1 C=1
ET
Y. =Ymax (1- )k ]l-— 6
o Z Ve ETmax, ©

3. RESULTS AND DISCUSSION

The study used the monthly statistics for the period
of 2007-2016 investigated the ability of the EA and ICA
algorithms. Also, according to the literature and the acceptable
performance of optimization algorithms, the present study
applied the EA and ICA algorithms. On the basis of the
presented relations and proportions, the distraction data
were excluded; thus, the collected data consisted of 1064 data.
About 70% and 10% of the data were used to train the models
and validate the models, respectively.

In Figure 2, the cultivation area is presented in 5 crop
years.

In Figure 3, the results of EA and ICA algorithms
implementation and observation values were compared for
the water allocated during the growing season of the Moghan
plain. It was observed that the results of EA algorithm
implementation are very close to the measured amount of
water allocation. Therefore, there was high convergence,
proficiency and efficiency in this method in water resources
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Figure 2. Cultivation area diagram in the last 5 years
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Figure 4. The net profit in each year by applying coefficients of
0.6, 0.75 and 0.9

systems.

In Figure 4, net profit is shown in each year by applying
coeflicients of 0.6, 0.75 and 0.9. As shown in Figure 4, the
profit experienced a bullish and growing trend during 2008-
2010, but then a downside trend. Applying the coefficient of
0.9, compared to the two coefficients of 0.75 and 0.6, includes
greater profit from the sale of products. In these years, the
lowest amount of profit belongs to 2011, which can be
attributed to the optimum acreage area and the regional water
allocation. The highest amount of income, therefore, belongs
to the years 1997, 2008 and 2009 indicating the regional
agricultural growth.

By examining Figure 5, it was determined that the total
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Figure 5. Total optimal acreage at the beginning of each month
per hectare, based on estimated values

optimal cultivating area of the products is equal to 69533.24
hectares. Given the results, it was concluded that cotton has
a less cultivating area due to its low economic efficiency
than other products. Wheat has, therefore, been considered
as a high-yielding product due to its high economic profits.
In sum, therefore, it is necessary that, in this region, the
economic profitability model should tend towards crop
production obtaining high-income and economic products.

4. CONCLUSIONS

In this study, two new methods of EA and ICA algorithms,
with 3000 cycles, were used irrigation and drainage network
the Moghan plain to allocate the optimal water resources using
an economic approach. The results of the implementation
and application of the proposed methods were determined
using the actual values of the comparison and efficiency of
the applied methods. The results revealed that the proposed
model (EA algorithm) performs well in predicting the water
resources values. It has a high speed and accuracy in finding
the optimal solution. The neural network allocations were
generated $ 135 billion (40%) in the agricultural sector. It
was also concluded that by increasing the number of wheat
fields, the income will increase and the economic growth will,
finally, be achieved for the Moghan plain.
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Table 2. Economic comparison of EA and ICA algorithm in the agricultural sector

Jeces

solatdl o, | Jols aelpo | cp e ;0 ol Bras jlaie | B)las Joe
0 (o stn (y9ale) Il o
(JLy o)kdkee)
33 114 1420 sises | ICA
_ - - Sloss
EA
40 135 1800 Sibes
B mK ey N

Ll

GLLSl (20,198 3 Jolo (Guosi ol (wlilp LS canws o olo o lasyl jo e ol ) daw S .A S0
Fig. 8. Total optimal cropping area at the beginning of each month based on the predicted values of the EA algorithm

ol YL ool g yglogm bl 4 (LS YFAC ) cuisS )
ol oS el p3Y plply ggeme jo ol ol Sl Jaaxe
@ o)y Y game Cuows b ddlae opl o golatdl 5,5l09m

QS o bled (golamdl o YU aelys b &Y game Coon

Ohxish ple i b pols dalllas auslae -Y-Y
sobaidl jacass jl Jol> (golamdl ub,) alol> sl s polie

axJlas )| W | Cawd A G’L"' Lv J.ol.‘> d’“m g_j é'l""’ 039>

.

olazdlonly Jdo & aty Jpamme a5 058 (o0 blatul &5 0l
el (6508 ZuiS ol Ghils DY gazme plo a4 Cond (0l
B AR el glo Jlo b a5 555 o conlive A S5 4 az g b
GESe YA ) 7 e a5 b 20l L oyd Jsame A
LIS 5 4y Jgame s QLS YAOON) 7 VD b8l b posS Joame
row LS YAP ) Z 0 g (LS YY) Z Y0 ol by a
Golaidl sgw o 4 paiS Jaame [ il 00y axlge S 5

hw g ool AL ddlhie dal 5 oly) Jeame Gl 4 YU



FAY B 5+) oo TR Lo ¥ o)l B 0593 S yual lyos cwigen & il

&=l

[1] A. Parhizkari, M. Mozaffari, M. Khaki, H. Taghizadeh-
Ranjbari, Optimal water resource and land allocation
in Roodbar-Alamut area using GGFP model, Journal
of Water and Soil Resources Conservation, 4(4) (2015)
11-24.

2] H. Emami, F. Derakhshan, Election algorithm:
A new socio-politically
Communications, 28 (2015) 591-603.

[3] E. Atashpaz-Gargari,

inspired strategy, Al

Development of social
optimization algorithm and its efficiency review,
Master’s Thesis, Faculty of Electrical and Computer
Engineering, University of Tehran, (2007).

[4] I. Ahmad, E. Zhang, J. Liu, M. N. Anjum, M. Zaman,
M. Tayyab, M. Waseem, H. U. Farid, A linear bi-level
multi-objective program for optimal allocation of
water resources. Water Resources, Plos One, 13(2):
€0192294.

[5] https://doi.org/10.1371/journal.pone. 0192294 (2018).

[6] A. Khasheie-Siuki, B. Ghahreman, M. Kucheckzadeh,
Application of agricultural water allocation and
management using PSO optimization technique (case
study: Neishabour plain), Soil and Water journal,
27(2) (2013) 292-303.

[7] Jehad Keshavarzi, Report of water, (2015).

[8] M. Janga Reddy, D. Nagesh Kumar, Optimal reservoir
operation forirrigation of multiple crops using elitist-
mutated particle swarm optimization, Hydrology
Science Journal, 52(4) (2010) 686-701.

[9] E. Bekri, M. Disse, P. Yannopoulos, Optimizing water
allocation under uncertain system conditions for water
and agriculture future scenarios in Alfeios river basin
(Greece), Part B: Fuzzy-boundary intervals combined
with multi-stage stochastic programming, Water, 7
(2015) 6427-6466.

[10] H. Kiafar, S. A. Sadreddini, A. H. Nazemi, H.
Sanikhani, Water allocation in irrigation and drainage
network using genetic algorithm (case study: Sofi-
Chay network), Irrigation and Water Engineering

Journal, 2 (5) (2010) 52-61.

MY

85 18 anlie 5590 [-] (vay) oo o u.;@ﬁo >
nga?ﬁspouﬁwom)aaswljﬁg@u
Jyame Il G255 5 6350 sla pisu b amlin ;5 O glie
walpo ol Jpame plyie @ Vb (golazdl s s @y puiS
WY ol alie golaldl jaradd axs (0 ¢ ool 8l dslais
929y ey Froladl ws) b adhate opl j0 BA ;)55

Oy dalez

S5 ai-¥
3,509y b dnt parass Swz )b ool Sl (Regh 5o
Cubs iS5 05 5 6okel aSis o Ol solal sgw (g5l ESTo
LICA 5 BA o ooj)lss i )od 5 (g sl (b, 5l Ol
Jow 55 ezl 5 Jols gl ab 48,5 o Yoo v LS5 slows
Al AT Al g 28,5 18 awolie 9,90 Slaslise polae L
s oolo b cwlio @illas 51 JCA g EA g, 50 5 Jool> ol
sl gy @bl g &ja8 easms plas cpl g Wil o5 Slaalis
Slesn] Cans a4 Kaod oo YL i ool (solpri
Silas ICA o5)l9% b awslis ,o (R?=0.93) EA ;5>
735 L6055 Sl i G Ly YL 2o 5 oLl oS ol
ol ple polis cuo i 0 a5 cwl opl Slo mls .cwl
G5 o dalyo Jby 05llee VYO anass L EA o5l b,
Sae o | ainge Slgz (B )3 g 009es Jee dine sl (65 9laS
aS 0,5 ol bl Wl e e el loye3 e oYL s
b cesS o8l s 5l ool b o550l (i (3l aiete 5o
003b (S Judo ) &) g IS s Jaame dw CullS Bds
A3y 5 Sxslogm ile a4 (LS TFAL ) puiS Jpams
G S oyt Oy o b a8l Caws lre s dalaie golazil
Eaozxa ;o (golaidl vgu (g3lw iSlas 4y Wilg o Lamass ol
2 glod oS anlllas 3,50 dilaie _giS Copndy dy Cad £ F b
by by @bl Sl y ragh cnl 5l Jeol> gl (ulal
&l asg> 10 gilo agy Plawe o 6l 1) ST 0l olgs o0



[13] S. Y. Zerat-Kish, Environmental assessment of water
in agriculture with an environmental approach, Iranian
journal of Agricultural Economics and Development
research, 47 (2-1) (2015) 259-269.

[14] O. Nasiri-Gheydari, S. Marofi, A multi-objective
bargaining and Fuzzy programming approaches for
optimal water allocation with emphasis on deficit
irrigation, Journal of Water and Soil, 31 (2) (2017)
434-448.

[11] M. Habibi-Davijani, M. Bani-Habib, S. R. Hashemi,
Development of optimization model for water
allocation in agriculture, industry and service sectors
by using advanced algorithm, GAPSO, Journal of
Water and Soil, 27(4) (2013) 680-691.

[12] R. Salazar, E Szidarovszky, E. Coppola, A. Rojano,
Application of game theory for a groundwater conflict
in Mexico, Journal of Environmental and Management,

84 (2007) 560-571.

DOI: 10.22060/cee}.2018.14789.5741

S. Emami, Y. Choopan, Optimal Economic of Water Allocation Using EA and ICA Evolutionary
Algorithms, Amirkabir J. Civil Eng., 52(3) (2020) 601-612.

e gl Alio ol 4 &9

Yy



